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SALT  LAKE  MEETING  PROGRAM 

Av^i^t  10  to  14,  1914,  inclusive 

Headquarters  will  be  at  the  Hotel  Utah.  The  following  program  of 
the  meeting  has  been  arranged  by  the  Local  Committees: 

Monday,  Ai^giLst  10. — Members  and  guests  will  register  at  the  Secre- 
tary's desk  in  Room  C-38,  Hotel  Utah,  and  receive  the  oflScial  badges, 
booklets  and  programs  of  the  meeting. 

At  2:30  p.  M.,  Qiere  will  be  an  organ  recital  at  the  Mormon  Tabernacle, 
after  which  members  and  guests  will  be  taken  for  a  trip  around  Salt 
'  Lake  City  in  sight-seeing  motor  cars.  At  8:30  p.  m.,  the  ladies  will  assem- 
ble in  the  lobby  of  the  Hotel  Utah,  where  they  will  be  met  by  the  members 
of  the  Ladies'  Entertainment  Committee,  and  will  be  taken  for  an  auto- 
mobile drive  about  the  city. 

At  8:30  p.  M.,  a  technical  session  will  be  held  in  the  ballroom  of  the 
ij  Hotel  Utah.    The  following  papers  will  be  presented: 

'  I   F.  W.  Bacorn  :  An  Amendment  to  Sales's  Theory  of  Ore  Deposition. 

V|   C.  W.  Goodalb:  Drumlummon  Mine,  Marysville,  Mont. 

J   I.  B.  Joralbmon:  The  Ajo  Copper-Mining  District. 

'      Stuart  Croasdale:  Leacning  Experiments  on  the  Ajo  Ore. 

^^\  Frank  R.  Van  Horn:  The  Occurrenoe  of  Bournonite,  Jamesonite,  and  Calamine  at 

c/  Park    City. 

,Mi   Howl  AND  Bancroft:  Dip  Chart. 

M.  N.  Allinq:  Ancient  Auriferous  Gravel  Channels  of  Sierra  County,  California. 

B.  S.  Butler  and  H.  D.  McCaskey:  Copper  Ores  of  the  New  London  Mine. 

George  A.  Packard:  Rope  Idlers  in  the  Raven  Shaft. 
Ai    Arthur  Crowfoot:  Development  of  the  Round  Table  at  Great  Falls. 

Frederick  Laibt  Und  A.  E.  Wiooin:  The  Slime-Concentrating  Plant  at  Anaconda. 

W,  L,  Austin:  The  Treatment  of  Copper  Ore  by  Leaching  Methods. 

W.  L.  Austin:  Leaching  Copper  Proaucts  at  the  Steptoe  Works. 
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Tuesday,  August  11. — The  party  will  leave  by  special  trains  for  a  trip 
to  the  mines  at  Bingham,  and  the  concentrators  at  Magna  and  Arthur, 
and  the  smelter  at  Garfield. 

The  ladies  of  the  party  who  do  not  care  to  attend  the  evening  technical 
session,  will  assemble  in  the  lobby  of  the  Hotel  Utah  at  8:30  p.  m.  They 
will  be  met  by  members  of  the  Ladies'  Entertainment  Committee  and 
taken  to  a  moving-picture  show  at  the  American  Theater,  which  is  the 
largest  end  best-equipped  place  in  the  United  States  for  entertainments 
of  this  kind.  Special  attention  is  given  to  the  musical  part  of  the  program 
at  the  theater,  the  orchestra  consisting  of  eighteen  pieces  and  a  large  pipe 
organ,  all  under  the  direction  of  the  organist  of  the  Mormon  Tabernacle. 

The  evening  technical  session  will  be  held  in  the  ball-room  of  the  Hotel 
Utah  at  8:30  p.  m.     The  following  papers  will  be  presented: 

R.  D.  Divine:  Separation  of  Lead,  Zinc,  and  Antimony  Oxides. 

W.  H.  Howard:  Electrical  Fume  Precipitation  at  Garfield. 

H.  H.  Alexander:  The  Bag  House  in  Lead  Smelting. 

L.  D.  Anderson:  EfiFects  of  the  Bag  House  on  the  Metallurgy  of  Lead. 

Lawrence  Addicks:  Nodulizing  Blast-Furnace  Flue  Dust. 

H.  A.  Wentworth:  Electrostatic  Separation  at  Midvale. 

E.  L.  Newhouse:  Lead  Smelting  at  East  Helena,  Mont. 

W.  W.  Norton:    A  Comparison  of  the  Huntington-Heberlein  and  Dwight-Lloyd 

Processes. 
G.  P.  Hulst:  The  International  Lead  Refining  Plant. 
Irving  A.  Palmer:  Smelting  Lead  Ores  in  the  Blast  Furnace. 
DoRSEY  A.  Lyon  and  S.  S.  Arentz  :  Losses  of  Zinc  in  Mining,  Milling,  and  Smelting. 
S.  E.  Bretherton:  Treatment  of  Complex  Ores. 

Wednesday,  August  12. — The  party  will  leave  by  special  train  at  8:30 
A.  M.,  for  a  trip  to  the  smelters  at  Murray,  at  Midvale,  and  at  Tooele, 
Utah. 

The  ladies  of  the  party  who  do  not  wish  to  make  the  trips  to  the  smelt- 
ers will  assemble  in  the  lobby  of  the  Hotel  Utah  at  12:00  o'clock  noon. 
From  the  hotel  they  will  be  taken  by  automobiles  to  the  Salt  Lake 
Country  Club  for  luncheon.  From  the  Country  Club  they  will  motor  to  the 
country  place  of  Mrs.  Herman  A.  Prosser,  at  the  mouth  of  Big  Cotton- 
wood Canyon,  where  they  will  have  tea,  returning  to  Salt  Lake  City  in 
time  for  the  evening  technical  session,  if  they  so  desire. 

There  will  be  an  evening  technical  session  in  the  ballroom  of  the  Hotel 
Utah,  commencing  at  8:30  p.  m.,  at  which  session  the  following  papers 
will  be  presented: 

Earl  S.  Bardwell:  The  Effect  of  Annealing  upon  Refined  Copper. 

C.  D.  Demond:  Economy  and  Efficiency  in  Reverberatory  Smelting. 

E.  HoRTON  Jones:  Unit  Construction*  Costs  for  the  New  Arizona  Copper  Company 
Smelting  Plant. 

Frederick  Laist  and  Harold  W.  Aldrich:  Experimental  Leaching  at  Anaconda. 

Frederick  Laist  AND  F.  F.  Frick:  Precipitation  of  Copper  from  Solution  at  Anaconda. 

Dorset  A.  Lyon  and  Robert  M.  Keeney:  Melting  of  Cathode  Copper  in  the  Elec- 
tric Furnace. 

C.  R.  KuzELL  and  I.  H.  Wigton:  Curves  for  the  Sensible  Heat  Capacity  of  Furnace 
Gases. 

L.  O.  Howard:  Basic-Lined  Converter  Practice  at  Old  Dominion  Plant. 

O.  KucHs:  Lead  Matte  Converting  at  Tooele. 

Thursday,  August  13. — A  technical  session  will  be  held  in  the  ball- 
room of  the  Hotel  Utah  at  9:30  a.  m.  The  following  papers  will  be 
presented : 

T.  P.  Holt:  Chloridizing-Leaching  at  Park  City. 

A.  W.  Allen:  Descriptive  Technology  of  Gold  and  Silver  Metallurgy. 
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W.  F.  Ward:  "Playa"  Panning  on  the  Cauca  River. 

J.  V.  N.  Dorr:  The  Dorr  Hydrometallurgical  Apparatus. 

G.  H.  Clevenoer:  Discussion  of  James  Johnston's  Paper,  Mill  and  Metallurgical 

Practice  of  Nipissing  Mining  Company,  Ltd.,  Cobalt,  Ont.,  Canada. 
Robert  S.  Lewis:  The  Book  Chffs  Coal  Field,  Utah. 
J.  P.  Hodgson:  Mining  Methods  at  the  Copper  Queen  Mines. 
R.  H.  Bedford  and  William  Hague  :  Tests  of  Rock  Drills  at  North  Star  Mine. 
Robert  Livermore:  Draining  Kerr  Lake. 
Sidnet  L.  Wise  and  Walter  Stoache:  The  Design,  Construction,  and  Cost  of 

Two  Mine  Bulkheads. 
Carl  Allen:  Methods  and  Economies  in  Mining. 
H.  M  Chance:  The  Appraisal  of  Coal  Land  for  Taxation. 
E.  D.  Gardner:  Mining  Claims  Within  the  National  Forests. 
R.  W.  Raymond:  Biographical  Notice  of  Louis  Janin. 

The  members  of  the  party  who  do  not  care  to  attend  the  technical 
session,  will  be  taken  on  a  trip  to  the  mines  at  Park  City,  and  returning 
to  the  city  in  time  to  take  the  trip  to  Saltair  Beach,  if  they  so  desire.  The 
party  will  leave  in  special  cars  at  5:45  p.  m.,  for  a  trip  to  Saltair  Beach. 
Upon  arrival  at  the  beach,  those  who  wish  to  do  so  can  bathe  in  Great 
Salt  Lake.  Dinner  will  be  served  in  the  caf^  at  Saltair,  after  which  there 
will  be  dancing,  and  the  party  will  return  to  Salt  Lake  by  train,  leaving 
at  11:00  P.  M. 

The  ladies  who  do  not  care  to  take  the  Park  City  trip  nor  to  attend 
the  technical  session,  will  assemble  in  the  lobby  of  the  Hotel  Utah  at 
9:30  A.  M.  From  here  they  will  be  taken  by  electric  cars  on  a  twenty- 
mile  trip  up  Emigration  Canyon  to  the  Pinecrest  Inn.  After  luncheon 
at  the  Inn  and  ample  time  for  rest,  they  will  return  to  Salt  Lake  City 
and  join  the  party  for  the  trip  to  Saltair  Beach. 

Friday,  August  14. — The  members  of  the  party,  including  the  ladies, 
will  be  taken  by  automobiles  to  Big  Cottonwood  Canyon,  which  is.  one 
of  the  finest  canyons  in  the  intermountain  country.  A  picnic  luncheon 
will  be  served  in  the  canyon,  and  after  ample  time  for  rest,  the  party  will 
motor  back  to  Salt  Lake  City. 

If  any  of  the  members  desire  to  make  a  trip  to  the  Tintic  Mining  Dis- 
trict on  this  day  instead  of  going  to  Big  Cottonwood  Canyon,  it  can  be 
so  arranged,  and  if  any  considerable  number  of  them  wish  to  go,  a  special 
train  will  be  provided.  They  will  return  to  Salt  Lake  City  in  time  for  the 
banquet  in  the  evening. 

The  banquet  will  be  given  at  the  Hotel  Utah  at  8 :30  p.  m.  This  will 
close  the  program  of  the  meeting. 


Local  Committes  of  the  Meeting 


General  Press 

R.  C.  Gemmell,  Chairman  Ernest  Gayford,  Chairman 

Transportation  and  Accommodation  Bingham 

Duncan  MAcVicmE,  Chairman  J.  D.  Shilling,  Chairman 

Program  Garfield 

Alfred  Fkank,  Chairman  W.  H.  Howard,  Chairman 

Entertainment  Park'  City 

C.  W.  Whitley,  Chairman  James  Humes,  Chairman 

Ladies  Tintic  Mining* District 

G.  B.  Wilson,  Chairman  Walter  Fitch,  Chairman 
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BOARD  OF  DIRECTORS 

Meding  of  June  26,  1914. — The  President  was  authorized  to  appoint 
Advisory  Committees  to  co  operate  with  the  United  States  Bureau  of 
Mines. 

The  President  announced  the  appointment  of  Edward  H.  Benjamin 
and  W.  C.  Ralston  as  additional  members  of  the  Committee  on  Arrange- 
ments for  the  San  Francisco  meeting,  1915. 

H.  T.  Van  Ells  and  Judd  Stewart  were  appointed  to  represent  the 
Institute  on  a  joint  committee  of  several  technical  societies  to  consider 
the  standardization  of  graphical  methods  for  the  presentation  of 
statistics. 

The  President  announced  the  appointment  of  H.  Foster  Bain  to  suc- 
ceed Edward  H.  Benjamin,  resigned,  on  the  Committee  of  Management 
of  the  International  Engineering  Congress,  1915. 

The  Secretary  was  authorized  to  issue  a  new  circular  advertising  the 
sale  of  back  Transactions  and  to  sell  back  Transactions iho\xad  in  cloth,  at  a 
price  of  $35  for  46  volumes,  provided  sufficient  orders  were  received  to 
warrant  the  special  binding. 

The  sum  of  $177.50  was  contributed  to  the  San  Francisco  Local  Section. 

Upon  recommendation  of  the  Committee  on  Membership,  70  Mem- 
bers, 4  Associate  Members  and  7  Junior  Members  were  elected  to  their 
respective  classes;  there  was  also  one  change  of  status  from  Junior 
Member  to  Member. 

The  resignations  of  seven  members  were  accepted. 

The  President  was  authorized  to  appoint  a  representative  of  this  In- 
stitute to  investigate  the  possible  action  of  technical  mining  societies  in 
Germany  and  Austria  toward  joining  with  this  Institute  in  the  formation 
of  an  International  Institute  of  Mines. 

The  Secretary  was  instructed  to  communicate  with  the  Secretary  of 
the  Institution  of  Mining  and  Metallurgy  of  England  concerning  the 
possibility  of  holding  a  joint  meeting  of  the  two  Institutes  in  San  Fran- 
cisco, Sept.  27-30,  1915. 

PERSONAL 

(Members  are  urged  to  send  in  for  this  column  any  notes  of  interest  concerning 
themselves  or  their  fellow-members.) 

Members  and  guests  who  registered  at  Institute  headquarters  during 
the  period  June  10  to  July  10: 

J.  C.  Ralston,  Spokane,  Wash.  E.  P.  Ashmore,  So.  Porcupine,  Ont.,  Can. 
William  H.  Yeandle,  Jr.,  Mexico  City,     Stuart  Croasdale,  Penver,  Colo. 

Mexico.  W.  E.  Hopper,    Houghton,  Mich. 

W.  C.  Minsch,  Mexico  City,  Mexico.  '        D.  W.  Brunton,  Denver,  Colo. 

H.  V.  Winchell,  Minneapolis,  Minn.  Fred  Crabtree,  Pittsburg,  Pa. 

W.  G.  Swart,  Denver,  Colo.  Robert  S.  Lewis,  Salt  Lake  City,  Utah. 

D.  F.  Schindler,  Madison,  Wis.  Noel  Cunningham,  Timmins,  Ont.,  Can 

E.  R.  Pettebone  has  just  been  elected  a  Trustee  of  the  Pennsylvania 
State  College,  being  supported  by  the  votes  of  the  delegates  of  the 
Pennsylvania  Anthracite  Local  Section  of  the  Institute  and  the  Engineers' 
Society  of  Northeastern  Pennsylvania. 

Francis  Church  Lincoln  has  been  appointed  Professor  of  Mining  at 
the  University  of  Nevada,  Reno,  Nev. 

Bernard  MacDonald  has  opened  oflSces  in  Los  Angeles,  Cal.,  and  will 
practice  as^a  consulting  mining  and  metallurgical  engineer,  specializing 
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in  the  design  and  construction  of  cyanide  milling  plants  and  the  installa- 
tion of  the  Parral  tank  system  of  slime  agitation. 

John  V.  N.  Dorr  received  the  honorary  degree  of  Mining  Engineer 
at  the  recent  commencement  at  Rutgers  College,  New  Brunswick,  N.  J., 
in  recognition  of  his  contributions  to  the  metallurgy  of  gold  and  silver. 

Ralph  S.  Rainsford,  general  manager  of  the  Argonaut  Mining  Co.,  of 
Jackson,  Amador  County,  Cal.,  has  resigned  to  accept  a  position  at 
Detroit,  Mich. 

Edward  Dyer  Peters  was  given  the  honorary  degree  of  Doctor  in 
Engineering  by  the  Royal  College  of  Mines,  Freiberg,  Saxony,  in  rec- 
ognition of  his  services  and  writings  in  connection  with  the  metallurgy 
of  copper. 

Robert  H.  Richards  was  made  Professor  Emeritus  at  the  Massachu- 
setts Institute  of  Technology  after  46  years  of  teaching  in  the  depart- 
ment of  Mining  Engineering  and  Metallurgy. 

Frank  Dawson  Adams,  of  McGill  University,  was  granted  an  honorary 
degree  at  the  recent  commencement  of  Tufts  College,  Massachusetts. 

Howland  Bancroft  was  married  on  July  15,  1914,  at  Dorchester, 
Mass.,  to  Miss  Alice  R.  Hammond.  After  Sept.  1,  Mr.  and  Mrs.  Ban- 
croft will  be  at  home  in  Denver,  Colo. 

ijohn  Gilliei  General  Superintendent  of  Mines  for  the  Anaconda  Copper 
Mining  Co.,  has  been  made  General  Manager  of  Mines. 

B.  H.  Dtmshee  has  been  made  Assistant  General  Manager  of  Mines 
of  the  Anaconda  Copper  Mining  Co. 

Ralph  W.  Deacon  has  been  made  Superintendent  of  the  works  of  the 
U.  S.  Metals  Refining  Co.  at  Chrome,  N.  J. 

Thomas  E.  Mitchell,  Assistant  General  Superintendent  of  Mines  of 
the  Anaconda  Copper  Mining  Co.,  has  accepted  a  position  as  General 
Manager  of  the  Burma  Corporation,  of  Burma,  India. 


•ENGINEERS  AVAILABLE 

(Under  this  heading  wiU  be  published  notes  sent  to  the  Secretary  of  the  Institute 
by  members  or  other  persons.) 

Member,  aged  25,  recent  graduate,  with  some  experience  in  laboratory 
of  steel  plant,  desires  position  as  metallurgist  or  assistant  in  copper, 
aluminum,  or  steel  works.    No.  118. 

Member,  aged  52,  technical  graduate,  with  20  years'  experience  as 
engineer  with  coal-mining  companies,  desires  position  as  engineer  or 
superintendent  of  coal  mine.     No.  119. 

Member,  aged  39,  technical  graduate,  with  extended  experience  in 
surveying,  assaying,  milling,  and  copper  smelting,  desires  position  along 
cyaniding,  concentration,  or  copper-smelting  lines.     No.  120. 

Member,  aged  38,  technical  graduate,  with  several  years'  experi- 
ence in  research  work,  in  mine  operation  and  as  professor  of  mining 
engineering,  is  desirous  of  engagement  in  planning  concentration  and 
metallurgy  of  odd  and  diflScult  ores.    No.  121. 

Member,  aged  32,  graduate  M.  I.  T.  in  mining  and  metallurgy,  at 
present  and  for  last  five  years  superintendent  of  Western  lead  smeltery, 
will  consider  engagement  with  solid  company,  if  opening  promises  advance- 
ment. Specialty,  smelting  of  lead  ores,  high  in  lead  and  zinc  content. 
Ten  years'  experience  in  the  operation,  design,  and  erection  of  a  large 
lead  plant.    Now  desirous  of  bettering  position.    No.  122. 
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LIBRARY 

American  Institute  op  Electrical  Engineers 
American  Society  of  Mechanical  Engineers 
American  Institute  op  Mining  Engineers 
United  Engineering  Society 

William  B.  Cutter,  Librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to 
10  p.m.  on  all  week-days,  except  holidays,  from  September  1  to  June  30, 
and  from  9  a.m.  to  6  p.m.  during  July  and  August.  The  Library  contains 
about  55,000  volumes,  including  sets  of  technical  periodicals  and  the 
publications  of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a 
portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library  can  render  valuable  service  through  correspondence; 
letters  requesting  information  will  receive  special  attention.  The 
Library  is  prepared  to  furnish  references  and  copies  of  articles  on  mining 
and  metallurgical  subjects;  to  determine  the  existence  of  mining-maps, 
and  to  furnish  general  information  as  to  the  geology  and  mineral  resources 
of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining  reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that 
members  while  in  the  city  will  use  the  Library  freely,  and  assurance  is 
given  that  most  careful  service  will  be  rendered  to  them. 

Library  Accessions 

Partial  List  Classified  by  Subjects 

Mining 

Haulage  and  Winding  Appliances  used  in  Mines.  By  Carl  Volk,  translated 
from  the  German  by  Charles  Salter.    London,  1903. 

KuRZER  Leitfaden  der  Bergbaukunde.  By  F.  Heise  and  F.  Herbst.  Berlin, 
Julius  Springer,  1914.     Price  6  Mk.     (Gift  of  Publisher.) 

[Note. — An  introduction  to  the  study  of  mining,  for  beginners.  The  authors, 
who  are  professors  in  the  mining  schools  at  Bochura  and  Aachen,  have  condensed  the 
more  elementary  information  contained  in  their  larger  work. — W.  P.  C.I 

La  Bolivie  et  ses  Mines.     By  Paul  Walle.     Paris,  n.  d. 

Manual  op  Hydraulic  Mining  for  the  Use  of  the  Practical  Miner.  Ed.  4. 
By  T.  F.  Van  Wagenen.     New  York,  1913. 

Mining  and  Treatment  op  Lead  and  Zinc  Ores  in  the  Joplin  District, 
Missouri.  A  preliminary  report.  Technical  Paper  41,  U.  S.*  Bureau  of  Mines. 
Washington,  1913. 

Relative  Effects  of  Carbon  Monoxide  on  Small  Animals.  Technical  Paper 
62,  U.  S.  Bureau  of  Mines.     Washington,  1914. 
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Safety  and  Efficiency  in  Mine  Tunneling.  Bull.  57,  U.  S.  Bureau  of  Mines. 
Washington,  1914. 

Specific  Gravity  Separation,  applied  to  the  Analysis  of  Mining  Explosives. 
Technical  Paper  78,  U.  S.  Bureau  of  Mines.     Washington,  1914. 

Metallurgy 

Brass  Furnace  Practice  in  the  United  States.  Bull.  73,  U.  S.  Bureau  of 
Mines.     Washington,  1914. 

How  TO  MAKE  Converter  Steel  Castings.  Ed.  2.  By  Arthur  Simonson.  Cleve- 
land, 1914.  • 

Lehrbuch  der  Metallographie.     By  Gustav  Tammann.     Leipzig,  1914. 

Metallic  Alloys,  their  Structure  and  Constitution.  Ed.  2.  By  G.  H. 
Gulliver.     London,  1913. 

Metallographie.     Il-Spezieller  teil.     By  E.  Heyn  und  O.  Bauer.    Leipzig,  1909. 

Geology  and  Mineral  Production 

Crystallography;  an  Outline  of  the  Geometrical  Properties  of  Crystals. 
By  T.  L.  Walker.  New  York,  McGraw-Hill  Book  Co.,  1914.  Price  $2.00.  (Gift 
of  Publisher.)  ' 

[Note. — The  author's  chief  motive  in  writing  this  book  is  to  embody  in  the  English 
language  the  methods  of  instruction  practiced  by  Dr.  Victor  Goldschmidt  of  Heidel- 
berg, especially  the  use  of  gnomonic  projection  and  a  new  system  of  symbols. — 
W.  P.  C.] 

Practical  Field  Geology.  By  J.  H.  Farrell.  Including  a  guide  to  the  "Sight 
Recognition  "  of  120  common  or  important  minerals.  By  A.  J.  Moses.  New  York, 
1912. 

Useful  Minerals  of  the  United  States.  Bull.  585,  U.  S.  Geological  Survey. 
Washington/ 1914. 

Non-Metallic  Minerals 

Asbestos,  Talc  and  Soapstone  Deposits  of  Georgia.  Bull.  29,  Georgia  Geologi- 
cal Sur\'ey.     Atlanta,  1914. 

Clay  and  Shale  Deposits  of  New  Brunswick.  Memoir  44,  Canada  Mines 
Department.     Ottawa,  1914. 

Conservation  of  Coal  in  Canada,  with  Notes  on  the  Principal  Coal  Mines. 
Toronto,  1914.     (Gift  of  Canada  Commission^of  Conservation.) 

Die  Nutzbaren  Mineralien  mit  Ausnahme  der  Erze,  Kalisalze  Kohlen  und 
DEs  Peteoleums.     Band  1.     By  Bruno  Dammer  und  Oskar  Tietze.     Stuttgart,  1913. 

Die  Portland-Zement-Fabrikation.     Ed.  3.     By  Carl  Naske.     Leipzig,  n.  d. 

Fuel,  Solid,  Liquid  and  Gaseous.     By  J.  S.  S.  Brame.     New  York,  1914. 

Gases  Found  in  Coal  Mines.  Miners'  Circular  14,  U.  S.  Bureau  of  Mines.  Wash- 
ington, 1914. 

Methods  of  Oil  Recovery  in  California.  Technical  Paper  70,  U.  S.  Bureau  of 
Mines.     Washington,  1914. 

Problems  of  the  Petroleum  Industry,  Technical  Paper  72,  U.  S.  Bureau  of 
Mines.    Washington,  1914. 

Chemistry  and  Physics 

Handbuch  DER  Mineralchemie.     Bd.  III,pt.  3.     By  C.  Doelter.     Dresden,  1914. 
A  Text-Book  of  Physics.     Ed.  3.     Edited  by  A.  W.  DuflF.     Philadelphia,  1913. 

General 

Abstracts  of  Current  Decisions  on  Mines  and  Mining.  Bull.  79,  U.  S.  Bureau 
of  Mines.     Washington,  1914. 

Directory  of  Cement,  Gypsum  and  Lime  Manufacturers.  Ed.  8.  Chicago, 
1914. 

Company  Reports 

CoRTEZ  Associated  Mines.  January,  1910,  to  Julv,  1912;  Oct.  1,1913.  Boston, 
n.(i.    (Gift  of  Olof  Wenstrom.) 

Lucky  Tiger-Combination  Gold  Mining  Co.  Annual  Report,  1913.  Sonora, 
Mex.,  1914.     (Gift  of  company.) 
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Mount  Moboan  Gold  Mining  Co.,  Ltd.    Blue  print  of  new  blast  furnaces  designed 
by  B.  Magnus.     (Gift  of  B.  Magnus.) 

Reports  and  statements  of  accounts  for  year  ended  May  31, 1913,  and  half-year 

ended  Nov.  .30,  1913.     (Gift  of  company.) 

Trade  Catalogues  3 

Brown   Hoisting  Machinery  Co.,  Cleveland,  Ohio.    Catalogue  D.    Brownhoist 

Tramrail  systems  Trolleys,  Electric  Hoists.     1914. 
CmcAGO  Pneumatic  Tool.  Co.,  Chicago,  HI.    Bulletin  No.  34-C,  Class  "H-SG" 
and  "N-SO."     Gasoline  and  Fuel  Oil  Engine  Driven  Compressors.    June,  1914. 
Db  La  Vergnb  Machine  Co.,  New  York,  N.  x .    Descriptive  talk  of  the  Shaft  of  a 

De  La  Vergne  Oil  Engine. 
Heine  Safety  Boiler  Co.,  St.  Louis,  Mo.    Heine  Two-Pass  Boiler,  description  of. 
Ingersoll-Rand  Co.,  New  York,  N.  Y. 
Form  No.  4020.    Leyner-Ingersoll  Drill. 
No.     18.     May,  1914. 

No.  8011.     "Little  David"  riveting  Hammers.     Nov.,  1913. 
No.  8011-1.     Rivet  set  retainer  for  "Little  David"  riveters.     April,  1914. 
Mybrs-Whalby  Co.,  Knoxville,  Tenn.    Photograph  of      Myers-Whaley  shoveling 

machine. 
St.  Louis  Crusher  &  Pulverizing  Machine  Co.,  St.  Louis  Mo.    1914  models  of 

revolving  jaw  crusher. 
Sparta  Iron  Works  Co.,  Sparta,  Wis.    The  Sludge  Bucket.    July,  1914. 
Sullivan  Machinery  Co.,  Chicago,  111. 

Bulletin  63M.    Sullivan  Ironclad  Coal  Cutters.     June,  1914. 
Bulletin  68A.      Sullivan  Channeler  in  Engineering  Work.    June,  1914. 
Sweetland  Filter  Press  Co.,  New  York,  N.  Y.    Bulletin  K.     Descriptive  of  the 

lever-operated  type  of  Sweetland  self-dumping  filter.    Jan.,  1914. 
Symons  Bros.  Co.,  Chicago,  Dl.    Symons'  pulsating  screen. 
Webster  Mpg.  Co.,  Chicago,  HI.    Webster  Method.    June,  1914. 
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MEMBERSHIP 

New  Mebcbers 

The  following  list  comprises  the  names  of   those   persons    who 
became  members  during  the  period  June  10  to  July  10,  1914: 

Members 

Aldrich,  Habold  W.y  Supt.  of  Leaching  Plant,  Washoe  Red.  Wks., 

Anaconda  Copper  Co.,  Anaconda^  Mont. 

Ateb,  Fbank  Abhton,    Mine   Foreman Detroit   Ck)pper   Co^   Morenci,   Ariz. 

Bell,  Arthub  F.  L.,  Chief  Engr.,  Associated  Oil  Co.,  817  Sharon  Bldg., 

San  Francisco,  Cal. 
Bergman,  Juijus  Gubtaf,  Mech.  Engr.,  Chief  Draftsman,  Arizona  Copper  Co. 

Morenci,  Ariz. 
Burt,  Cttbtis  F.,  Min.  Engr.,  Pittsburg-Dolores  Mining  Co.,  Rockland, 

via  Yerin^n,  Nev. 

Callaway,  Scott  David,  Chem La  Harpe  Smelter  Co.,  La  l£irpe,  Kan. 

Campbell,  W.  C,  Min.  Engr 4  Princess  St.,  Roodeport,  Transvaal,  So.  Af. 

Carroll,  George  A.,  Genl.  Mgr Kildare  Min.  Co.,  Manson,  B.  C,  Canada. 

Caruthers,  John  Lttle,  Min.  Engr.,  Asst.  Engr.,  St.  Louis,  Rocky  Mountain 

&  Pacific  Co.,  Raton,  N.  M. 

Clark,  Adolph  Clayton,  Supt Raritan  Copper  Works,  Perth  Amboy,  N.  J. 

Clark,  Patrick  William,  Min.  Engr.,  215  Old  National  Bank  Bldg.,  Spokane,  Wash. 
Claudet,  Frederic  Herbert  Bartemps,  Assayer  to  the  Bank  of  England, 

6  and  7  Coleman  St.,  London,  E.  C,  England. 

Coolidob,  William  Henry,  Lawyer 50  Congress  St.,  Boston,  Mass. 

Davies,  Robert  Geiser,  Engr Nevada  Wonder  Mining  Co.,  Wonder,  Nev. 

Eaton,  Edwin  R^  Engineer Manatawny  Bessemer  Ore  Co.,  Manatawny,  Pa. 

FoHL,  William  E.,  Cons.  Min.  Engr Farmers  Bank  Bldg.,  Pittsburg,  Pa. 

Gnaedinger,  Ernest  G.,  Min.  Engr Wallace,  Idaho. 

Gross,  Rqbebt  H.,  Pres East  Butte  Copper  Co..  Boston,  Mass. 

Guggenheim,  Harry  Frank 165  Broadway,  New  York,  N.  Y. 

Hadesty,  George  B.,  Genl.  Supt.,  Philadelphia  &  Reading  Coal  &  Iron  Co., 

Pottsville,  Pa. 
Hamilton,  Charles  Waltbb,  Geol.,  Cia.  Mex.  de  Petroles  "El  Aguila"  S.  A., 

Tampico,  Mexico. 

Harpham,  Hubert  H.,  Min.  Engr 747  Burlington  Ave.,  Los  Angeles,  Cal. 

Heggem,  Alfred  George,  Petroleum  Engr. . .  .U.  S.  Bureau  of  Mines.  Tulsa,  Okla. 
Heislar,  Clarence  S.,  Mech.  and  Min.  Engr.,  Copper  Queen  Cons.  Mining  Co., 

Lowell,  Station,  Bisbee,  Ariz. 

HemeLright,  Frank  H.,  Genl.  Supt Lackawanna  Cosd  Co.,  Scranton,  Pa. 

Harold,  Stanley  Carrollton,  Mm.  Engr.  and  Geol.,  1900  Land  Title  Bldg., 

Philadelphia,  Pa. 
Hickman,  Elwood  Cheyney,  Genl.  Foreman,  Sampling  Dept.,  A.  S.  &  R.  Co., 

East  Helena,  Mont. 

Hoole,  James  A.,  Min.  Engr Scott  Bldg..  Salt  Lake  City,  Utah. 

Kamimxtra,  Ichibo,  Min.  Ec^ Osaruzawa  Mine,  Akita-Ken,  Japan. 

Knaubs,  Milton  O.,  Supt.,  Blast  Furnaces,  Crane  Iron  Works,  Catasauqua,  Pa. 

Krueqer,  George  S.,  Mine  Supt Care  Daly  Judge  Mine,  Park  City,  Utah. 

KuANG,  Ying-Chieh Livingston  Hall,  Columbia  University,  New  York,  N.  Y. 

Lang,  Robebt 1302  North  32d  St.,  Birmingham,  Ala. 

Lawson,  Andbew  C,  Prof.  Geol Univ.  of  Cal.,  Berkeley,  Cal. 

Lee,  Edwabd  Clabence,  Instructor,  Illinois  Miners'  and  Mechanics'  Institute, 

202  Transportation  Bldg.,  Urbana,  111. 
Lewis,  Harbison  Olnby,  Min.  Engr.. . Bache-Denman  Coal  Co.,  Fort  Smith,  Ark. 

Lewis,  W.  Fbank,  Min.  Engr Chino  Copper  Co.,  Santa  Rita,  N.  M. 

LoNGYEAB,  John  Munbo,  Jb.,  Min.  Engr.,  1619  Massachusetts  Ave.. 

Cambridge,  Mass. 

Macfablane,  Abchibald  Kennedy,  Min.  Engr Gigha,  Argyllshire,  Scotland. 

Marmion,  Percy  Edward,  Min.  Engr 62  London  Wall,  London,  E.  C,  England. 

Meier,  Albert  John,  Genl.  Supt.,  St.  Louis  Smelting  &  Refining  Co., 

1001  International  Life  Bldg.,  St.  Louis,  Mo. 
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Miller,  Frank  Barton,  Mine  Engr.,  Pittsburgh-Silver  Peak  Gold  Min.  Co., 

Blair,  Nev. 

Mitchell,  John  R.,  Met.  Engr W.  H.  Mineir,  667  Rookery  Bldg.,  Chicago,  III. 

MoNTOULiEU,  E.  I.,  Min.  Engr 122  E.  Street,  Vedado,  Havana,  Cuba. 

Montz,  Harry  William,  Div.  Engr L.  V.  Coal   Co^  Wilkes-Barre,  Pa. 

MuiR,   Douglas,   Min.  Engr P.   O.   Box   1118,  San  Antonio.  Texas. 

PoocK,  Hermann  Gustav,  Min.  Engr.,  Care  Dr.  Baumgeartel,  Clausthal, 

Harz,  Germany. 

Portuondo,  Jose Chief  of  t*ublic  Works,  Oriente,  Cuba. 

Reed,  William,  Met.,  El  Oro  Mining  &  Railway  Co.,  El  Oro,  Elstado  de  Mexico, 

Mexico. 
Reynolds,  Leo  Bowlby,  Min.  Engr.,  Mgr.,  Eureka  Copper  Mines, 

Nelson,  B.  C,  Canada. 

Reynolds,  Roy  L,  Min.  Engr.,  Supt.,  Trimountain  Mine Trimountain,  Mich. 

Sanders,  Cyril  Charles,  Min.  Engr.,  Sanders  Ore  Separation  Co.,  Marysvale,  Utah. 
Schinbeckler,'  Oscar  T.,  Mine  Surveyor,  Oriental  Cons.  Mining  Co^ 

Unsan,  (Jhosen,  Korea. 
Scotland,  Peter  B.,  Min.  Engr.,  Supt.,  Arizona  Copper  Co.,  Ltd. . .  .Morenci,  Ariz. 

Sharp,  A.  L.,  Min.  Engr.,  Supt.,  Garson  Mine via  Sudbury,  Ont.,  Canada. 

Spedden,  Edward  Morton,  Supt.,  Chewelah  Copper  King  Min.  Co.,  Chewelah,Wash. 
Stammler,  George  Fronheiser.,  Min.  Engr.,  Alloy  Chem.,  Cambria  Steel  Co., 

Johnstown,  Pa. 

Steele,  Edwin  Goodwin,  Secy.-Treas.,  Sutton,  Steele  &  Steele Dallas,  Texas. 

Steele,  Walter  Livingston,  Vice  Pres.,  Sutton,  Steele  &  Steele Dallas,  Texas. 

Stewart,  Hugh  Aloysius,  Min.  Engr.,  Chiksan  Mines Chiksan,  Korea. 

Thompson,  Edward  C,  Met.,  Mammoth  Copper  Mining  Co Kennett,  Cal. 

Wethered,  Roy,  Min.,  Engr.,  Paulsen  Bldg Spokane,  Wash. 

WiNSLOW,    Francis,    Mill  Supt.,  Kennecott  Mines Kcnnecott,  Alaska. 

Young,  Horace  G.,  Mgr.,  Trethewey  Silver  Cobalt  Mine. . .  .Cobalt,  Ont.,  Canada. 
Zach,  Louis  Morris,  Mech.  Engr.,  Constr.  Engr.,  Doe  Run  Ijead  Co.,  Rivermines,  Mo. 

Associate  Members 

Bryne,  Harry  Barry,  Mgr.,  Paine  Webber  <&  Co Butte,  Mont. 

Caselton,  James  A.,  Sec'y.,  St.  Louis  Smelting  &  Refining  Co., 

1001  International  Life  Bldg.,  Denver,  Colo. 

Cross,  Wilbur  Lucius,  Jr.,  Min.  Engr., Glen  Carbon,  Pa. 

Smith,  W.  Hinckle, 201  Franklin  Bank  Bldg.,  Philadelphia,  Pa. 

Welch,  Daniel  A.,  Purchasing  Agent,  A.  C.  M.  Co Butte,  Mont. 

Junior  Members 

Hanahan,  Marion  Lothrop,  Student 28  George  St.,  Charleston,  S.   C. 

Officer,  Herbert  George,  Student Huantajaya,  Iquique,  Chile,  S.  A. 


Candidates  fob  Membership 

The  following  persona  have  been  proposed  during  the  period  June  10 
to  July  10,  1914,  for  election  as  members  of  the  Institute.  Their  names 
are  published  for  the  information  of  members  and  associates,  from  whom 
the  Committee  on  Membership  earnestly  invites  confidential  communi- 
cations, favorable  or  unfavorable,  concerning  these  candidates.  A 
suflScient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the 
Committee.  After  the  lapse  of  this  period,  the  Committee  will  recom- 
mend action  by  the  Board  of  Directors,  which  has  the  power  of  final 
election. 
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Robeson  H.  Allport,  Dorchester.  Va. 

Proposed  by  James  M.  Hodge,  W.  R.  Peck,  Howard  N.  Eavenson. 

Born  1885,  Philipsburg,  Pa.  1909,  B.  S.  in  Metallurgy,  Penn.  State  College. 
1902,  Leveler  and  Transitman,  Carnegie  Steel  Co.  1905,  Engr.,  in  charge  of  Construc- 
tion, Northern  Cambria  St.  Ry.  1910,  Chemist,  Mexican  Coal  &  Coke  Co.  1911, 
Engr.,  Coahuila  Coal  Cg.  1912.  Mine  Inspector,  Mexican  Coal  &  Coke  Co.  1913, 
Mine  Supt.,  Mexican  Coal  &  Coke  Co. 

Present  position:  Gen.  Supt.,  Colonial  Coal  &  Coke  Co.,  Wise  Coal  &  Coke  Co., 
Sutherland  CJoal  &  Coke  Co. 

G.  J.  Altstetter,  Clarksburg,  W.  Va. 

Proposed  by  E.  B.  Moore,  Frank  Haas,  R.  E.  Rightmire. 

Bom  1884,  Lima,  Ohio.  1903,  Lima  High  School.  Lima,  Ohio.  1908,  Ohio  State 
Univ.,  Columbus,  Ohio;  E.  M.  1904,  Cons.  Coal.  Co.,  Frostburg,  Md.  1906, 
Chemist,  Prof.  N.  W.  Lord,  Columbus,  Ohio.  1905,  With  City  Engr.,  Lima,  Ohio. 
1908-12,  Min.  Engr.,  Cons.  Coal  Co.,  Fairmont,  W.  Va. 

Present  position :  1912  to  date,  Civil  and  Mining  Engr.,  Clarksburg,  W.  Va. 

John  Christie  Archibald,  Washington,  D.  C. 

Proposed  bv  Benjamin  L.  Miller,  Howard  Eckfeldt,  H^nry  S.  Drinker. 

Born  1886,  Trinidad,  Colo.  1904,  Washington  High  School.  1910,  Lehigh  Univ. ; 
E.  M.  1910-11,  Assayer  and  Surveyor,  Montezuma  Lead  Co.,  Sta.  Barbara,  Chih., 
Mex.  1911-12,  Engr.,  Cortes  Associated  Mines.  Jacala,  Hidalgo,  Mex.  1912-13, 
Foreman  Cyanide  Plant,  Guanajuato  Reduction  &  Mining  Co.,  Gto.,  also  Esperanza 
Mining  Co.,  El  Oro,  Mex. 

Present  iK)8ition:  Foreman  and  Asst.  Supt.  of  Mill,  Cinco  Mines  Co.,  Magdelena, 
Jal.,  Mexico. 

John  M.  Baker,  Cornucopia,  Ore. 

Proposed  bv  Robert  M.  Keeney,  Benjamin  B.  Lawrence,  Victor  C.  Alderson. 

Born  1884,' Media,  Pa.  1905,  Univ.  of  Penn.;  B.  S.  1909-10,  Graduate  work 
Colorado  School  of  Mines.  1904,  Engr.  Corps,  Penn.  R.  R.  1906,  Experimental 
cyanide  work  in  Portland,  Ore.  1907-08,  Placer  and  quartz  mining  in  Oregon.  1910, 
Mill  work  in  various  places  in  New  Mexico.  1911-13,  Engr.  and  Mine  Supt.,  Cornu- 
copia Mines  Co.,  New  York. 

Present  position:  Mgr.,  Baker  Mines  Co.,  Cornucopia,  Ore. 

William  H.  Block,  Salt  Lake  City,  Utah. 

Proposed  bv  L.  S.  Austin,  Ernest  Gayford,  E.  R.  Lid  vail. 

Bom  1884,  Ouray,  Colo.  High  School  education.  1903,  Salt  Lake  City,  Utah. 
General  education  since  that  time  secured  through  study  of  technical  books  and 
practical  experience.  1903-06,  Newhouse  Mines  &  Smelter  Co.,  Newhouse,  Utah. 
190^-07,  Goldfield,  Nev.  1907-14,  Desert  Power  &  Mill  Co.,  Millers,  Nev  (Tonopah 
Mining  Co.  mill).  1914,  Supt.,  Utah  Apex  Mill,  Bingham,.  Utah.  Gen.  Supt., 
General  Eng.  Co.,  Constructing  Engr. 

Present  position:  Until  June  1,  1914,  Mill  Supt.,  Utah  Apex  Mill. 

Harold  Boericke,  Vanadium,  Colo. 

Proposed  by  Gelasio  Caetani,  Walter  M.  Stein^  H.  M.  Chance. 

Bom  1884,  Philadelphia,  Pa.  Previous  education  private  tutoring  and  usual  high 
school.  1905-06,  Wm.  B.  Scaife  &  Sons  Co^  Pittsburg,  part  of  time  as  filter  plant 
erector.     1906-08,  Secy,  and  Mgr.,  Stein  &  Boericke  Mining  Co. 

Present  position:  1910  to  date,  Mgr.,  Vanadium  Dept.,  Primos* Chemical  Co. 

Oliver  Bowles,  Washington,  D.  C. 

Proposed  by  W.  H.  Emmons,  W.  R.  Appleby.  E.  F.  Burchard. 

Bom  1877,  Ontario,  Canada.  1901-03,  Lindsay  (Ontario)  Collegiate  Institute, 
Honor  matriculation.  1903-08,  Univ.  of  Toronto,  Canada;  B.  A.,  M.  A.  1908-09, 
While  an  Instructor  at  Univ.  of  Mich.,  Ann  Arbor,  carried  three  graduate  subjects  in 
Mineralogy  and  Geology.  1908-14,  While  Instructor  in  Geology,  Univ.  of  Minn. 
Minneopolis,  earned  21  graduate  credit  hours  in  Geology,  Mineralogy  and  Mining. 
1808,  Geological  field  assistant  to  Dr.  A.  P.  Coleman,  Univ.  of  Toronto,  iron  investiga- 
tions for  Bureau  of  Mines  of  Ontario.  1908,  Geological  field  assistant  to  Dr.  E.  S. 
Moore,  iron  investigations  for  Bureau  of  Mines  of  Ontario.  1910,  During  June,  July 
and  August,  field  assistant  (unofficial)  to  Dr.  E.  S.  Moore  for  Bureau  of  Mines,  Ontl, 
gold  investigations.  1912-13,  Employed  two  summers  by  Minn.  State  Geological 
Survey.  1908-09,  Teller  in  Mineralogy,  Univ.  of  Toronto.  1909-10,  Instructor  in 
Petrography,  Univ.  of  Mich.  1910-14,  Instructor  in  Geology  and  Mineralogy,  Univ. 
of  Minn. 

Present  position:  Quarry  Technologist,  Bureau  of  Mines.  Washington,  D.  C. 
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Dickson,  Q.  Brown,  New  York,  N.  Y. 

Proposed  by  Knox  Taylor,  W.  S.  Stothoff,  Henry  D.  ffibbard. 

Bom  1873.  Pleasantville,  Pa.  1891,  Phillips  Exeter  Academy,  graduated.  1895, 
Princeton  Univ.;  A.  B.  1898,  Mass.  Inst,  of  Tech.;  S.  B.  1899-1900,  Royal  Tech- 
nical School,  Gharlottenburg,  Berlin,  Germany^  Research  Laboratory,  Oil,  Wax,  Fats 
and  Greases.  1898-99,  Asst.  Master  Mechanic,  Tide  Water  Oil  Co.,  Bayonne,  N.  J. 
1899-1900,  Gharlottenburg,  Germany.  1900  to  date,  Manufacturing  Committee, 
Tide  Water  Oil  Co.,  now  2nd  Vice-President.  For  one  year  Genl.  Supt.,  Tide  Water 
Pipe  Line  Co.  1908  to  date.  Pres.,  Associated  Producers  Co.,  owns  and  operates 
1900  oil  wells,  Penn.,  Wis.,  West  Va.,  Ky.,  Dl.,  and  Ind.  1907  to  date,  Pres.,  Okla. 
Oil  Co.,  500  wells  in  Okla.  and  Kans.     Also  operating  personally  in  Texas. 

Present  position:  Pres.,  Associated  Producers  Co.;  Pres.,  Okla.  Oil  Co.;  2nd  Vice- 
Pres.,  Tide  Water  Oil  Co.;  Secy,  and  Treas.,  The  Tide  Water  Pipe  Co.,  Ltd.,  New  York 
N.  Y. 

Thomas  J.  Brown,  Sydney  Mines,  Nova  Scotia. 

Proposed  by  F.  E.  Lucas,  H.  C.  Burchell,  C.  L.  Cantley. 

Bom  1867,  Sydney  Mines,  N.  S.  Common  School  education.  1883-94,  Einployed 
about  coal  mines.  1894-1900,  Mgr.,  coal  mines.  1900-02,  Asst.  Genl.  Mgr.,  Domin- 
ion Coke  Co.     1902,  Gen.  Mgr.,  coal  mines  of  Nova  Scotia  Steel  &  Coal  Co.,  Ltd. 

Present  position:  1908  to  date,  Genl.  Supt.,  Coal  Mines,  Iron  and  Steel  Plant  of 
the  Nova  Scotia  Steel  &  Coal  Co.,  Ltd. 

Albert  Bowin  Bruce,  La  Paz,  Bolivia,  S.  A. 

Proposed  by  Francis  Church  Lincoln,  Franz  Germann,  J.  Maurice. 

Born  1885,  Aberdeen,  Scotland.  Private  study.  Attended  Corries  Grammar 
School  for  three  years  in  Scotland.  1899-1900,  Attended  Evening  Classes  and  studied 
Chemistry.  1912-13,  Student  at  the  Camborne  School  of  Mines.  1st  class  certificate 
in  metallurgy,  assaying,  chemistry  and  kindred  subjects.  1905,  Four  years  as  Asst. 
Cyanide  Foreman,  Champion  Reef  Gold  Min.  Co.,  India.  1910,  Five  years  as  Fore- 
man in  charge  of  a  100  ton  a  day  cyanide  plant,  also  milling  and  assaying.  Msr., 
P.  Bosworth  Smith,  the  Mysore  West  Gold  Co.,  Ltd.  1911-12,  Mgr.  and  Cyamde 
Chemist,  Brommassie  Gold  Co.,  W.  A. 

Present  position:  Metallurgist  and  Assayer,  care  W.  R.  Grace  &  Co.,  La  Paz, 
Bolivia,  S,  A. 

Perdval  Page  Butler,  Douglas,  Ariz. 

Proposed  by  Forest  Rutherford,  Hylton  H.  CoUey,  A.  W.  Hudson. 

Bom  1877,  Montreal,  Canada.  1885-88,  Private  Tuition.  1888-94,  Montreal 
High  School.  1894r-98,  McGUl  Univ.,  Min.  Dept.;  B.  A.  Sc.  1901,  McGill  Univ., 
P.  G.  Metallurgy:  M.  S.  1897-1902,  Guggenheim  S.  &  R.  Co.,  Perth  Amboy,  N.  J. 
1903-04,  Magnoha  Metal  Co.,  New  York.  1905,  Michigan  Smelt.  Co.,  Houghton, 
Mich.     1905-07,  Cananea  Cons.  Copper  Co. 

Present  position:  1907  to  date,  A^st.  Supt.,  Copper  Queen  Reduction  Wks. 

Sven  G.  Cajander^  Rancagua,  Chile,  S.  A. 

Proposed  by  R.  K.  Stockwell,  W.  J.  Turner,  B.  T.  CoUey. 

Born  .     1898,   High  School.     1898-1902,   Chalmers  Technical  College, 

Sweden;  Mech.  Engr.  1902-04,  Westem  Electric  Co.  1904r-O6,  Shaw  Electric  Crane 
Co.  1906-07,  Wisconsin  Steel  Co.  1907-08,  Goodman  Mfe.  Co..  Mining  Mach. 
1908-10,  H.  Koppers,  By-product  Coke  Ovens.  1910-11,  Didier  March  Co.,  By- 
product Coke  Ovens. 

Present  position:  1911  to  date,  Mech.  Engr.,  Braden  Copper  Co.,  Rancagua,  Chile, 
S.  A. 

Henry  Cort  Harold  Carpenter.  London,  S.  W.,  England. 

Proposed  by  Albert  Sauveur,  Milo  W.  Krejci,  John  H.  Klepinger,  C.  R.  Kuzell. 

Bom  1875,  Bristol,  England.  1896,  Oxford  Univ.;  M.  A.  1898,  Liepzig  Univ.; 
LL.  D.     1913,  Member  of  the  Institute  of  Mining  and  Metallurgy. 

Present  position:  Professor  of  Metallurgy,  Royal  School  of  Mines,  London,  S.  W., 
England. 

Howard  Bruce  Carpenter,  Johnstown,  Pa. 

Proposed  by  M.  G.  Moore,  Hartley  C.  WoUe,  D.  M.  Stackhouse. 

Bom  1882,  Pittsburg,  Pa.  1901,  General.  1902,  Engineering  course.  1903, 
Univ.  of  Pittsburg.  1904-06,  Special  Chemical  Course  at  Univ.  of  Michigan. 
1901-05,  Summer  work  with  Douglas  &  McKnight.  1903-04,  Draftsman,  Carnegie 
Steel  Co.,  Pittsburg,  Pa.  1906-07,  Open-hearth  Dept.,  Jones  &  Laughlin  Steel  Co. 
1907-14,  Cambria  Steel  Co.     1907-09,  Chemist  in  laboratories. 

Present  position:  1909  to  date,  Asst.  Supt.,  Coking  Dept.,  Cambria  Steel  Co. 
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John  P.  Chadwick,  Rancagua,  Chile,  S.  A. 

Proposed  by  W.  J.  Turner,  R.  K.  Stockwell,  B.  T.  CoUey. 

Bom  1884,  Saco,  Maine.  1902-07,  Finished  course  in  Min.  Engrg.,  Mass.  Inst, 
of  Tech.;  S.  B.  1907-10,  Met.  Clerk,  Tenn,  Copper  Co.,  on  furnaces  in  laboratory. 
1910-11,  Chemist,  Needles  Mg.  &  Smelt.  Co.,  Needles,  Calif.  1911-13,  Agent, 
Miami  Copper  Co.,  Cananea. 

Present  position:  1913  to  date.  Chief  Chemist,  Braden  Copper  Co.,  Rancagua, 
Chile,  S.  A. 

Irwin  Hewlett  ComelL  New  York,  N.  Y. 

Proposed  by  Orleans  Loagacre,  Russell  T.  Cornell^  A.  S.  Dwight. 

Bom  1881,  New  York  City.  Two  years  in  the  Civil  Engr.  Course,  Colimibia  Univ. 
School  of  Applied  Science.  1901-10,  J.  B.  &  J.  M.  Cornell  Co.,  New  York  City. 
1903-10,  Vice-Pres.,  J.  B.  &  J.  M.  Cornell  Co.  1910-1 1^  Asst.  Secy.,  St.  Joseph  Lead 
Co.,  New  York.     1911-Jan.  1,  1914,  Secy,  and  Statistician,  St.  Joseph  Lead  Co. 

Present  position:  Secy,  and  Mgr.  of  Sales,  St.  Joseph  Lead  Co. 

Alfred  T.  Coston,  Clarkdale,  Ariz. 

Proposed  by  Frederick  J.  Brule,  C.  V.  Hopkins,  Will  L.  Clark,  C.  M.  Young. 

Bom  1884,  Beuna  Vista.  Colo.  1900-03,  High  School,  Fort  Scott,  Kan.  1904r-08, 
Univ.  of  Kansas,  School  of  Min.  Engrg. :  B.  S.  Summer  1905-06,  Rodman  and  drafts- 
man on  private  survey  parties  near  Nome.  Alaska.  Summer,  1907,"  Timekeeper, 
Wild  Goose  Mining  &  Trading  Co.,  Council,  Alaska.  Summer,  1908,  Instrumentman, 
mining  surveys  near  Nome,  Alaska.  1908-^,  Keystone  driU  operator,  Nome.  1909, 
Assayer,  Nome  Bank  &  Tmst  Co.,  Nome.  1909-10,  Expert  sampler  and  partially  in 
charge  Keystone  drilling  for  Black  Sand  Co.  of  Chicago.  Also  driller  in  other  work. 
1911-12,  Resident  engineer  for  Woiley  &  Black,  Kansas  City,  Mo.,  on  various  con- 
struction work. 

Present  position:  Civil  engr.,  on  construction  of  Clarkdale  Smelter,  United  Verde 
Copper  Co. 

Clarence  Jackson  Creveling,  Blackwood,  Va. 

Proposed  by  James  M.  Hodge,  Eli  T.  Conner,  T.  D.  Jones,  W.  R.  Peck. 

Bom  1862,  New  Columbus,  Pa.  Hazleton,  Pa..  Public  Schools.  Wyoming 
Seminary,  Kingston,  Pa.  1887»  Engineering  Dept.,  Lenigh  Valley  R.  R.  Co.,  Hazle- 
ton, Pa.  1901,  Wilkes-Barre  &  Hazleton  Ry.,  Engineering  Dept.  1902,  Chief  Engr., 
Pardee  Bros.  &  Co. 

Present  position:  Cenl.  Supt.,  Blackwood  Coal  &  Coke  Co. 

Lewis  Alfred  Delano,  Bonne  Terre.  Mo. 

Proposed  by  Alan  D.  Bell,  O.  M.  Bilharz,  H.  A.  Buehler. 

Bom  1882,  Ironton,  Mo.  1898,  Grad.,  Ironton  Public  Schools.  1898-1901, 
Armour  Scientific  Academy,  Armour  Institute,  Chicago,  III.,  Scientific  course.  1901- 
04,  Missouri  School  of  Mines,  RoUa,  Mo.;  B.  S.  in  Mining  Engineering.  1908, 
Missouri  School  of  Mines;  E.  M.  in  Mining  Engineering.  1902,  Summer  work,  sur- 
veying, Frisco  Railroad.  1903,  Summer  work.  Rodman,  Missouri,  Kansas  &  Texas 
R.  R.,  Colgate,  Okla.  1904,  Surveyor,  Great  Western  Coal  Co.,  So.  McAlester,  Okla. 
1905-06,  Observer,  U.  S.  Gov't  Fuel  Testing  Plant,  St.  Louis,  Mo.  1906-07,  Chemist, 
fit.  Louis  Smelting  &  Refining  Co.,  St.  Francois,  Mo. 

Present  position:  1907  to  date.  Chemist  and  Foreman,  Flotation  Plant,  St.  Joseph 
Xead  Co.,  Bonne  Terre,  Mo. 

Samuel  Grove  Dolman,  Ray,  Ariz. 

Proposed  by  Louis  S.  Gates,  W.  S.  Boyd,  C.  M.  Young. 

Bom  1887,  Brainard,  Kan.  1901-05,  Topeka  High  School.  1905-10,  Kansas 
State  University;  B.  S.  1909,  during  summer  vacation.  State  Phosphate  Co.,  Barton, 
Fla.  1910  to  date,  Ray  Cons.  Copper  C6.,  Ray,  Ariz.  1912-13,  Surface  engineer, 
railroad  engineer^  and  engineer  of  No.  3  mine. 

Present  position:  Shift  Boss  No.  1  Mine,  Ray  Cons.  Copper  Co.,  Ray,  Ariz. 

Donald  Dyrenforth,  Whitepine,  Colo. 

Proposed  by  John  E.   McCarthy,  F.  W.  Traphagen,  Harry  J.  Wolf. 

Bom  1888,  Chicago,  111.  Preparatory  in  Evanston  High  School,  Evan8ton,Dl. ; 
United  States  Naval  Academy  Preparatory  School,  Annapolis,  Md.;  Lewis  Institute, 
Chicago,  111.  1912,  Colo.  School  ot  Mines;  E.  M.  1912,  Summer  and  fall,  Constmc- 
tion,  Argo  Mill,  Idaho  Springs,  Colo.  1912-13,  Winter,  Asst.  to  M.  P.  O'Brien,  Mgr., 
Nonesuch  Myiing  Co..  Ontonagon,  Mich.  1913,  Supt.,  Akron  Mine  (privately 
owned),  Whitepine,  Colo.,  property  of  Senator  Charles  Dick,  Akron,  0. 

Present  position:  Supt.,  Akron  Mine,  Whitepine,  Colo. 
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Samuel  M.  Ecdes,  Fairmont,  W.  Va. 

Proposed  by  E.  B.  Moore,  Frank  Haas,  R.  E.  Rightmire. 

Born  1863,  Connellsville,  Pa.  1870-1881,  Connellsville.  Pa.,  Public  School. 
1882,  Normal  Univ.,  Lebanon,  Ohio.  1885,  Normal  Univ.,  Lebanon,  Ohio.  1882-84, 
Chainman,  Penn.  R.  R.  1886-89,  Rodman,  Levelman,  Transitman,  Union  Pacific 
R.  R.  1889-1890.  Res.  Engr.,  Northern  Pacific  R.  R.  1890-94,  General  work, 
Jamison  &  Fogg,  Gfreensburg,  Pa.  1894-97,  Res.  Engr.,  Altoona,  Pa.,  Water  Works. 
1897-1901,  General  Engrg.  work,  Greensburg,  Pa. 

Present  position:  1901  to  date,  Asst.  Chief  Engr.,  Jamison  Coal  &  Coke  Co., 
Greenaburg,  Pa. 

Robert  B.  Eldredge,  Colorado  Springs,  Colo. 

Proposed  by  C.  C.  O'Harra,  Welton  J.  Crook.  Albert  Smith  Halley. 

Born  1886,  Woodbury,  N.  J.  1907-10,  Colorado  School  of  Mmes.  1912-14, 
South  Dakota  School  of  Mines;  B.  S.  1908,  Golden  Cycle  mill,  Roustabout.  1911, 
Millman,  Utica  Hill  Gold  Mining  Co.,  Ward,  Colo.  1911-12,  Ajax  Mill,  Cripple 
Creek,  Colo.,  Tailing  discharge.  A  member  of  the  Geology  and  Mining  Society  of 
American  Universities.  South  Dakota  School  of  Mines  Chapter  of  the  Stanford 
Society,  Cal. 

Present  position:  Experimenter  in  the  Laboratory  of  the  Portland  Gold  Mining 
Co.'s  Colorado  Springs  mill. 

William  Curtis  Ferguson,  Denver,  Colo. 

Proposed  by  Fred  H.  Bostwick,  C.  L.  Colbum,  Frank  Bulkley.  ^ 

Born  1866,  Canton,  III.  Common  School.  1893-1900,  Asst.  to  Prest.,  Mount 
Carmel  Coal  Co.,  Topeka,  Kan.  1901,  Genl.  Mgr.,  North  Mo.  Coal  Co.,  Kirksville, 
Mo.     1902-05,  Lessee  and  Operator,  Monero,  N.  M. 

Present  position:  1906  to  date,  Genl.  Mgr.,  Calumet  Fuel  Co.,'jUtah  Fuel  Co., 
Colorado  Division. 

Burr  J.  French,  Newhouse,  Utah. 

Proposed  by  W.  Lee  Heidenreich,  J.  C.  Dick,  George  W.  Riter. 

Bom  1882,  Ann  Arbor.  1906-07,  Denver  Univ.;  A.  B.,  M.  A.  1908,  Colorado 
School  of  Mines;  E.  M.  1908,  Assayer,  Los  Llanitos  Mines,  Durango,  Mexico. 
1908-10,  Engr.,  La  Malinch  Mine,  La  Portilla,  Durango,  Mexico. 

Present  position:  Assayer  and  Engr.,  South  Utah  Mines  &  Smelter,  Newhouse, 
Utah. 

Cyrus  Gamsey,  Jr.,  Memphis,  Tenn. 

Proposed  by  Edward  H.  Coxe,  Erskine  Ramsay^  G.  B.  McCormack. 

Born  1861,  Seneca  Falls,  N.  Y.  Attended  public  schools  of  Seneca  Falls,  N.  Y., 
until  fourteen  years  of  age.  1876-1879,  Clerk  m  Nat.  Ex.  Bank,  Seneca  Falls,  N.  Y. 
1880-83,  Kansas  Rolling  Mill  Co.,  Kansas  City.  1884r-85,  Cleveland  Machine  Co., 
Cleveland.  1886-99,  Auditor,  K.  C.  M.  &  B.  R.  R.  Co.,  Memphis.  1900  to  date, 
Genl.  Mgr.,  Galloway  Coal  Co.  of  Memphis,  and  Patterson  Transfer  Co.  of  Memphis. 
Served  as  Active  Vice-Pres.,  State  Nat.  Bank  and  U.  S.  Trust  &  Sav.  Bank  of 
Memphis. 

Present  position:  Genl.  Mgr.  and  Treas.,  Galloway  Coal  Co. 

Frederic  Giolitti,  Torino,  Italy. 

Proposed  by  Joseph  W,  Richards,  E.  G.  Grace,  C.  A.  Buck. 

Bom  1880,  Corio  Canavese,  Italy.  1902,  Grad.  Doctor  of  Chemistry,  Univ.  of 
Rome.  1905,  Libero  Decente,  Professor  Agrege,  Univ.  of  Rome.  1907,  General 
Director  Steel  Works  of  Gio.  Ansaldo  &  Co.,  (Comigliano,  Ligure).  1909,  Professor 
of  Metallurgy,  Royal  Polytechnicum  of  Turin. 

Present  position:  Professor  of  Metallurgy,  General  Director  of  the  Steel  Works 
of  Gio.  Ansaldo  &  Co. 

Frank  Casanove  Greene,  Seattle,  Wash. 

Proposed  by  C.  W.  Goodale,  Alexander  Leggat,  Fred  T.  Greene. 

Bom  1872,  Poughkeepsie,  N.  Y.  High  School.  1891-98,  Professional  practice 
Eastern  States,  Western  States  and  Western  Canada.  Building  colliery  plants, 
examination  of  properties,  etc.  ^ 

Present  position:  Berwind- White  Coal  Mining  Co.,  Crows  Nest  Pass  Coal  Co., 
Great  Northern  Railway  Co.,  etc. 
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Oscar  Vernon  Greene,  Cleveland.  Ohio. 

Proposed  by  Frederick  Laist,  B.  H.  Dunshee,  Fred  T.  Greene. 

Bom  1877,  Tarrytown,  N.  Y.  1892-96,  Pittsburg  High  School.  1904  to  date; 
Mining  Engineer  and  Coal  Geologist,  in  design  and  construction  of  coal-mining 
plants.    Exploration  of  coallands.     Development  of  coal  Mines. 

Present  position :  Independent  practice  with  Frank  C.  Greene. 

Raymond  E.  T.  Ha£f,  Rancagua.  Chile,  S.  A. 

Proposed  by  R.  K.  StockwelT,  W.  J.  Turner,  B.  T.  CoUey. 

Bom  1886,  New  York  City.  1891-1904.  Public  Schools  of  New  York  City. 
1904-08,  Stevens  Institute  of  Technology,  Hoboken,  N.  J.;  M.  E.  1908-09,  United 
Rico  Mining  Co.,  Rico,  Colo.  Labor  Foreman,  Mill  Repairman,  Electrician  and 
Power  House  Operator.  1909-10,  Draftsman  and  Asst.  to  Engr.  third  rail  construc- 
tion, Penn.  Railroad  Co.,  New  York.  1910-12,  Asst.  Mech.  Engr.,  Steptoe  Valley 
Smelting  &  Mining  Co.,  McGill,  Nev. 

Present  position:  1912  to  date,  Chief  Draftsman,  Braden  Copper  Co.,  Rancagua, 
ChUe,  S.  A.  i 

Frederic  Albert  Hale,  Jr.,  Goodsprin^,  Nev. 

Proposed  by  C.  H.  Doolittle,  Victor  C.  Heikes.  R.  C.  Gemmell. 

Bom  1888,  Denver,  Colo.     1905-08,  Stanford  Univ.     1909-10,  Univ.  of  Utah, 

B.  S.  in  Mining  Engineering.  1905,  Miner,  Alta  Quincy  Mining  Co.,  Alta,  Utah. 
1907,  A.  S.  &  R.  Co.,  McGill,  Nev.     1908,  Millman^  Utah  Copper  Co.,  Garfield,  Utah. 

P^ent  position:  Asst.  Mgr.,  Yellow  Pine  Minmg  Co.,  Goodsprings,  Nev. 

Robert  Hamilton,  Birmingham,  Ala. 

Proposed  by  Edward  H.  Coxe,  E.  E.  Ellis,  Frank  H.  Crockard. 
Bom  1855,  Daly,  Scotland.     1870-1881,  Apprentice,  Simpson  &  Wilson,  C.  &  M. 
Co.,  Glasgow,  Scotland.     Andersonian  Univ.,  Glasgow.     1870-77,  Simpson  &  Wilson 

C.  &  M.  E.,  Glasgow.  1881-83,  Chief  Engr.,  Ferro  Carril,  Santiago.  1887,  Business, 
Glasgow.  1887-92,  North  Western  Mining  Co.,  Erie  R.  R.;  Chief  Engr.  1892-94, 
Supt.,  Cumwach  Mines,  North  Carolina.  1902,  Rochester  &  Pittsburg  Coal  &  Iron 
Co.,  Punxsutawney,  Pa.  1902-13,  Tenn.  Coal,  Iron  &  Coke  Co.,  Chief  and  Cons. 
Engr.,  Coal  Mines,  Wis. 

Present  position:  Consulting  Engr.,  Coal  Mines. 

Seth  J.  Hardison,  Coalinga,  Cal. 

Proposed  by  Anthony  F.  Lucas,  David  T.  Day,  E.  W.  Parker. 

Bora  1874,  Pennsylvania.  Santa  Paula  Academy,  Throop  Poly.  Inst.  Twenty 
consecutive  years  with  Union  Oil  Co.,  Ozark  Oil  Co.,  Titicaca  Oil  Co.,  British  Cons. 
OU  Corp. 

Present  position:  Supt.,  Nevada  Petroleum  Co. 

Guy  Baxter  Hartley,  Morgan  town,  W.  Va. 

Proposed  by  E.  B.  Moore,  Frank  Haas,  R.  E.  Rightmire. 

Bom  1885,  Masontown,  W.  Va.  1902.  Grad.  from  Public  Schools,  Ohio.  1902 
three  months  in  High  School,  St.  Clairsville,  Ohio.  1903-05,  Preparatory  work  and 
Elementary  Engr.  work.  West  Va.  Univ.  1906-08,  Engr.  School,  W.  Va.  Univ.  I 
practically  finished  the  C.  E.  course  at  W.  Va.  Univ.,  except  some  preparatory  work, 
and  in  addition  took  some  Electrical,  Mechanical  and  Mining  work.  1905,  Draftsman 
and  Transitman,  Ross  Engrg.  Co.,  Fairmont,  W.  Va.  1906,  Same  company  as  Chief 
of  Partv.  1907,  Rodman,  Maintenance  of  Way,  Engineers  office,  Pittsburg  Division, 
Lines,  West  Penn.  R.  R.  1908,  Asst.  City  Engr.,  Bellaire,  Ohio.  1909  to  date, 
practicing  Civil  and  Mining  Engineer,  Morgantown,  W.  Va. 

Present  position:  Engineer  in  charge  of  Mining  and  Railroads  Monongahela 
Valley  Engr.  Co.,  owning  one-half  interest  in  company. 

Warren  Hastings,  Ogdensburg,  N.  J. 

Proposed  by  Carl  J.  Trauerman,  R.  M.  Catlin,  Frederick  N.  Shepard. 

Bora  1885,  Lancaster,  N.  H.  1903,  Graduate  Lancaster  High  School.  1907, 
Graduate  Mass.  Institute  of  Technology,  in  Mining  Engineering;  B.  S,  1907-13, 
Asst.  Mine  Foreman,  New  Jersey  Zinc  Co.,  Franklin  Furnace,  N.  J. 

Present  position:  1913  to  date.  Mine  Foreman,  New  Jersey  Zinc  Co.,  Ogdensburg, 
N.J. 


Digitized  by 


Google 


xviii  Monthly  Bulletin,  No.  92,  August,  1914 

Otto  Herres,  Jr.,  Castle  Gate,  Utah. 

Proposed  by  Fraok  C.  Hill,  Harry  J.  Wolf,  F.  W.  Traphagen. 

Bom  1890j  Denver,  Colo.  1907-11,  Colo.  School  of  Mines;  M.E.  1907-11, 
Summer  vacations,  worked  underground  Qaborer)  Cripple  Creek,  Colo.,  and  at  Golden 
Cycle  Mill,  Colo.  City,  Colo.;  Magna  Mill.  Garfield,  Utah:  Goldfield  Con.  Mill, 
Goldfield,  Nev.     1910,  Colo.  State  Geological  Svrvey.  Alma,  (Jolo.  (thesis). 

Present  position:  Engr.,  and  Asst.  Engr.,  Utah  Fuel  Co.,  for  Castle  Gate  Mine, 
Utah,  and  Somerset  Mine,  Colo. 

Jacob  M.  Holt,  Minersville,  Pa. 

Proposed  by  Frank  A.  Hill,  James  Archibald,  Jr.,  E.  C.  Luther. 

Bom  1873,  Pottsville,  Pa.  Until  June,  1889,  in  Public  School  and  High  School  of 
PottsviUe.  In  Dec,  1889,  entered  as  chainman  on  Engineer  Corps  of  H.  S.  Thompson, 
Engineer,  Girard  Estate.  1889-1904,  Heber  S.  Thompson,  Engr^  Girard  Estate, 
from  chamman  to  Asst.  Engr.  1904r-05,  Asst.  Supt.,  Thomas  CosJ  Co.,  Shenandoah, 
Pa.  1913,  Supt.,  W.  R.  McTurk  Coal  Co.,  Girardville,  Pa.  1913-14,  Supt.,  Buck 
Run  Coal  Co. 

Present  position:  Chief  Engr.,  Thorne  &  Neale  Co.,  Buck  Run  Coal  Co.,  Dark- 
water  Coal  Co.,  Souman  Shaft  Coal  Co. 

Masaichi  Hotta,  Osaka,  Japan. 

Proposed  by  Wataru  Watanabe,  Benzo  Katsura,  Tadashiro  Inouye. 

Bom  1877,  Yamaguchi.  1898,  Yamaguchi  Koto-Gakko  (Yamaguchi  Higher 
middle  school).  1901,  Mining  and  Metallurgical  Dept.  of  Tokyo  Imperial  Tjidv. 
1904,  Grad.,  degree  "Kogojushi,"  1904,  Fujita  Min.  Co.,  Osaka;  Min.  Engr.  1904. 
Min.  En^.,  Kosaka  Copper  Mine,  F.  M.  Co.  1906,  Min.  Engr.,  Matsuoka  Gold 
Mine,  Akita-Ken,  belonging  to  F.  M.  Co. 

Present  position:  1911  to  date.  Mining  Engr.,  Main  office  of  Fujita  Mining  Co., 
Osaka. 

Myron  S.  Knight,  Scranton,  Pa. 

Proposed  by  Rufus  J.  Foster,  A.  G.  Storrs,  H.  G.  Davis. 

Bom  1861,  North  Abington,  Pa.  Common  Schools.  Keystone  Academy. 
1880-1895,  Railroad  location  and  construction,  in  charge  10  out  of  the  15  years. 
1895-1897,  Lackawanna  Iron  &  Coal  Co.,  mine  surveys.      | 

Present  position :  1897  to  date,  office  practice  as  member  of  firm  of  Stevenson  & 
Knight,  Consulting,  Mining  and  Civil  Engineering. 

George  W.  Lamboume,  Salt  Lake  City,  Utah. 

Proposed  by  Enos  A.  Wall,  Lewis  A.  Jeffs,  George  D.  Blood. 

Bom  1867,  Salt  Lake  City,  Utah.  Public  Schoofa  of  Salt  Lake  City.  Since  1890, 
associated  with  management  of  mines  in  Park  City  district,  Utah. 

Present  position:  Genl.  Mgr.,  Daly-Judge  Min.  Co.,  and  Snake  Creek  Ming.  & 
Tunnel  Co. 

Eugene  Hiram  Laws,  Salida.  Colo. 

Proposed  by  Herman  Garlictis,  E.  E.  Dieffenbach.  C.  S.  Witherell. 

Bom  1873,  Clinton,  Mass.  1896,  Mass.  Inst,  of  Tech.;  B.  S.  1896-97,  Mass. 
State  Board  of  Health,  Laboratory  for  Water  Analysis.  1897-1900,  Chemist,  West 
Indies  Chemical  Wks.,  Ltd.,  Spanish  Town,  Jamaica,  B.  W.  I.  1901-03,  Chemist, 
Park  City  Metals  Co.,  Park  City,  Utah.  1903-04.  Chemist^  Grand  Junction  Smelting 
Co.,  Grand  Junction,  Colo.  1904-06,  Chemist,  Old  Domimon  Copper  Min.  &  Smelt. 
Co.,  Globe,  Ariz.     1906-07,  Amer.  Smelt.  &  Ref.  Co.,  Murray,  Utah. 

Present  position:  1907  to  date,  Ohio  &  Colo.  S.  &  R.  Co.,  SalidA,  Colo.,  as  Supt. 

Joseph  H.  Lidmore,  Littleton,  Ala. 

Proposed  by  Erskine  Ramsay.  G.  B.  McCormack,  Priestley  Toulmin. 

Bom  1868,  Nectar.  Ala.  Public  schools.  1894,  Course  in  Correspondence  School 
of  Mines,  Scranton,  Pa.  Tenn.  Coal,  Iron  &  R.  R.  Co.  1887,  one  year  Driver  in 
mines.  1888-95,  three  years  digging  coal.  1896-99,  four  years  Fire  Boss.  1900-02, 
three  years  Mine  Foreman.  1903,  one  year  Mine  Foreman  for  State  of  Ala.,  Sloss- 
Sheffield  Steel  &  Iron  Co.  1904r-06,  three  years  Mine  Foreman.  1907-12,  six  years 
Mine  Supt. 

Present  position:  1913  to  date.  Mine  Supt.  for  State  of  Ala. 
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Robert  Aeaew  Longwell,  Johnstown,  Pa. 

Proposed  Dy  M.  G.  Moore,  D.  M.  Stackhouse,  Hartley  C.  WoUe. 

Bom  1882,  Santa  Fe,  N.  M.  Until  1901,  Friends'  Central  School,  Philadelphia, 
Pa.  1901-1902,  Univ.  of  Penn.  Science  and  Tech.  1902-05,  Columbia  Univ., 
School  of  Mines.  1905-06.  Conduit  Engr.,  Bell  Telephone  Co.,  Phila.,  Pa.,  Engineer- 
ing Dept.  1906-09,  New  Jersey  Zinc  Co.,  Palmerton,  Pa.  1906-07,  Chemist.  1907- 
09,  Asst.  Supt.,  Smelter  Dept.  1909,  Cambria  Steel  Co.,  Johnstown,  Pa.  1909-10, 
Mming  Engmeering  Dept.  1910-12,  Asst.  Supt.,  By-product  Coke  Plant,  in  charge 
of  Coal  Handling  and  Washing  Dept. 

Present  position:  Asst.  Supt.,  By-product  Coke  Plant,  in  charge  of  By-product 
Dept. 

William  Andrew  McQueen,  Metcalf,  Ariz. 

Proposed  by  Alexander  Sibbald,  R.  B.  Earling,  Norman  Carmichael. 

Bom  1885,  Aberdeen,  Scotland.  1901-05,  Served  apprenticeship  at  Mechanical 
Engineering  with  Clyne,  Mitchell  &  Co.,  Aberdeen,  Scotland.  1905-08,  Birmingham 
Univ.,  Elngland;  B.  S.  m  Mining.  1908-09,  Obtaining  experience  in  Scottish  and 
English  collieries.  1909-11,  Gold  mining  development  work  in  Rhodesia,  Africa, 
Rhodesian  Exploration  &  Development  Co.  1911-14,  Birtley  and  Ravensworth 
Collieries,  Newcastle,  England. 

Present  position:  Arizona  Copper  Co.,  Metcalf,  Ariz. 

Robert  Eli  Mickel,  W.  Philadelphia,  Pa. 

Proposed  by  Howard  Eckfeldt,  Henry  S.  Drinker,  Benjamin  L.  Miller. 
Bom  1891,  Trenton,  N.  J.     1914,  Lehigh  University;  E.  M. 
Present  position:  Studying  mining  methods  in  Europe  by  working  in  principal 
mining  districts. 

Tonjiro  Nagazumi,  Kiushu,  Japan. 

Proposed  by  Wataru  Watanabe,  Benzo  Katsura,  Tadashiro  Inouye. 

Bom  1878,  Tokyo,  Japan.  1898,  First  Higher  Middle  School,  Tokyo.  1901, 
Mining  and  Metallurgical  Dept.,  Tokyo  Imperial  Univ.  1904,  Grad.,  degree  "Koga- 
kushi."     1904,  Met.  Engr.,  Naval  Coal  Briquette  Factory,  Tokuyama,  Japan. 

Present  position :  1913  to  date,  Professor  of  Mining,  Kiushu  Imperial  Univ. 

Tames  Nicol,  Jr.,  Carbon  Hill,  Ala. 

Proposed  by  H.  S.  Geismer,  Priestley  Toulmin,  John  R.  Pill. 

Bom  1883,  Starkville,  Colo.  1890-1900,  Public  Schools.  1898-1899,  Eldridge 
Male  and  Female  College,  Eldridge,  Ala.  1900-01,  Vemer  Military  Institute, 
Tuscaloosa,  Ala.  1899-1905,  Coal  Mining,  complete.  International  Correspondence 
School,  Scranton,  Pa.  1901-02,  Asst.  Time  Keeper,  Galloway  Coal  Co.,  Galloway, 
Ala.  1902-05,  Rodman  and  Asst.  Engr.,  Galloway  Coal  Ck,  Carbon  HiU,  Ala. 
1905-07,  Eng.,  Garnsey  Mine,  Gamsey,  Ala.  1907-10,  Asst.  Engr.,  Garnsey  Mine 
and  Carbon  Hill  Div.,  Galloway  Coal  Co.     Supt.  to  later  part  of  1909. 

Present  position:  1910  to  date,  Engr.,  Galloway  Coal  Co.,  Carbon  Hill,  Ala. 

Karl  Frick  Overholt,  Pittsburg,  Pa. 

Proposed  by  Edward  O'Toole,  Howard  N.  Eavenson,  W.  W.  Coe. 

Bom,  1877,  Wooster,  Ohio.  1893,  Wooster  High  School.  1897,  Univ.  of  Wooster, 
Ohio;  A.  B.  1900,  Harvard  Law  School,  Harvard  Univ.;  LL.  B.  1901,  Univ.  of 
Penn,  Law  School,  LL.  B. 

Present  position:  1905  to  date,  Pres.,  Faraday  Coal  &  Coke  Co.,  and  Pres.  St 
Paul  Coal  Co. 

James  Madison  Page,  La  FoUette,  Tenn. 

Proposed  by  G.  M.  Shoemaker,  L.  C.  Crewe,  Edward  H.  Coxe. 

Bom  1886,  Warrior,  Ala.  1903-07,  "Auburn;"  B.  S.  in  Mining.  1907-08, 
Rodman,  Tenn.  Coal,  Iron  &  R.  R.  Co.  1908-09,  Instrumentman,  B.  C.  &  I.  Co. 
1909-10,  Field  Draftsman  and  Asst.  Loc.  Engr.,  Chicago,  Milwaukee  &  Pittsburgh 
S.  R.  R.  1910-11,  Mining  Engr.,  B.  C.  &  L  Co.  1911-13,  Div.  Engr.  and  Asst. 
Div.  Supt.,  T.  C.  L  &  R.  R.  Co. 

Present  position:  1913  to  date,  Supt.,  T.  C.  I.  &  Ry.  Co. 
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Samuel  White  Patterson,  Vivian,  W.  Va. 

Proposed  by  James  S.  Cunningham,  Howard  N.  Eavenson,  John  J.  Lincoln. 

Born  1863,  Elk  Co.,  Penn.  1880,  Mahanoy  City,  Pa.,  High  School,  graduate. 
1880-1891,  General  mine  office  work,  J.  C.  Hayden  &  Co.,  Glendon  Colliery,  Mahanov 
City,  Pa.  1891-1900,  Sec'y-Treas.,  Bottom  Creek  Coal  &  Coke  Co.,  Bookkeeper, 
Storekeeper,  Asst.  Mgr.,  Vivian,  W.  Va.  1909  and  1910,  Vice-Pres.,  Genl.  Mgr., 
Majestic  Collieries  Co.,  Majestic,  Ky.  1910  to  present,  Pres.,  Sycamore  Coal  Co., 
Vivian,  W.  Va. 

Present  position :  1910  to  date,  Genl.  Mgr.,  Bottom  Creek  Coal  &  Coke  Co., 
Vivian,  W.  Va. 

Alexander  Poison,  Hoquiam,  Wash. 

Proposed  by  Milnor  Roberts,  Henry  Landes,  Joseph  Daniels. 

Born  1853,  Truro,  N.  S.  Till  1868,  Common  School  of  home  town.  Present 
employment,  lumbering  and  development  of  coal  mines,  and  other  mining  interests. 
Have  been  so  enp;aged  for  the  last  40  years 

Present  position:  Pres.,  Poison  Logging  Co.,  and  Washington  Anthracite  Coal  Co* 

P.  J.  Quealy,  Kemmerer,  Wyo. 

Proposed  by  J.  T.  Beard,  R.  Dawson  Hall,  Floyd  W.  Parsons. 

Born  1857,  Ireland.  Common  Schools  in  Ireland  and  Missouri.  1873,  Johnson 
College,  III.  1874,  Gem  Citv  Business  College,  Quincy,  111.  1878^80,  Seattle  Coal  & 
Transportation  Co.,  General  Foreman  of  all  mines.  1880-84.,  Supt.,  Union  Pacific 
Coal  Mines  and  Union  Pacific  Coal  Co.  1884-86,  Began  business  as  coal  operator, 
Bozeman,  Mont.  1886-87,  State  Inspector  Coal  Mines,  Wyo.  1887,  Organized 
Rock  Springs  Coal  Co.  1897,  Organized  Kemmerer  Coal  (Jo.  and  other  corporations 
allied  therewith. 

Present  position:  Vice-Prest.  and  Genl.  Mgr.,  Kemmerer  Coal  Co. 

Harry  Clayton  Reeser,  Pittsburg,  Pa. 

Proposed  by  Anthony  F.  Lucas,  David  T.  Day.  E.  W.  Parker. 

Born  1863,  New  Ringgold,  Pa.  1869-1873,  Township  School,  New  Brunswick, 
Pa.  1873  to  date,  Night  work  bv  mvself.  1873-1874.  Messenger,  Phila.  &  Reading 
R.  R.  1874r-77,  Telegraph  operator,  do..  New  Ringgold.  1877-82,  Telegraph  Oper- 
ator, P.  &  R.  and  W.  U.  Tel.  Co.,  Phila.  1882-84,  Telegraph  Operator,  Oil  Citv,  Pa., 
W.  U.  and  Ass'd.  Press.  1884-85,  Stenographer  to  Gen.  Mgr.,  Nat.  Transit  Co., 
Oil  City,  Pa.  1885-87,  Field  Inventories,  Oil  &  Gas  Co.,  Oil  City,  Pa.  1887-90, 
Bookkeeper,  Oil  &  Gas  Co.,  Oil  Citv,  Pa.  1890-97,  Asst.  Treas.,  Oil  &  Gas  Co.,  Oil 
City,  Pa.  1897-1900,  Vice  Pres.,  triple  State  Gas  &  Oil  Co.,  Huntington,  W.  Va. 
1900-12,  Secy,  and  Treas.,  Treat  &  Crawford,  oil  and  gas  interests,  Pittsburg,  Pa. 

Present  position :  Asst.  to  President,  Ohio  Fuel  Supply  Co.,  Pittsburg,  Pa. 

David  Bright  Reger,  Morgantown,  W.  Va. 

Proposed  by  E.  B.  Moore,  Frank  Haas,  R.  E.  Rightmire. 

Born  1882,  Rural  Dale.  W.  Va.  1897-1903.  Student  in  West  Va.  Conference 
Seminary,  Buckhannon,  W.  Va.  1908-11,  Student,  West  Va.  Univ.,  Morgantown, 
W.  Va.;  A.  B.  and  B.  S.  1903-06,  Field  Asst.,  U.  S.  Geological  Survey,  Washington, 
D.  C.  1906-07,  Hydrographic  Surveyor,  U.  S.  Naval  Station,  Guantanamo,  Cuba, 
in  charge  of  topographic  mapping.  1909-13,  Field  Asst.,  West  Virginia  Geological 
Survey,  Morgantown,  W.  Va. 

Present  position :  1913  to  date,  Asst.  Geologist,  W.  Va.  Geological  Survey,  Mor- 
gantown, W.  Va. 

Robert  F.  Roth,  Glen  White,  W.  Va. 

Proposed  by  E.  E.  White,  C.  R.  Stahl,  W.  Gaston  Caperton. 

Born  1878,  Kansas  City,  Mo.  1895,  Graduate  High  School,  Ashland,  Pa.  1896, 
National  Prep.  Academy,  Highland  Falls,  N.  Y.  1896-98,  Cadet,  U.  S.  Military 
Academy,  West  Point,  N.  Y.  1900,  Complete  Coal  Mining  course.  International 
Correspondence  Schools,  Scranton,  Pa.  1898,  Chainman,  Engineering  Dept.,  Phila- 
delphia &  Reading  Coal  &  Iron  Co.,  Ashland,  Pa.  1900,  Transitman,  Phila.  & 
Reading  Coal  &  Iron  Co.,  Ashland,  Pa.  1908,  Asst.  Div.  Engr.,  Phila.  &  Reading 
Coal  &  Iron  Co.,  Mahonov  City,  Pa. 

Present  position:  1913  to  date,  Asst.  Chief  Engr.,  E.  ^  White  Coal  Co.,  Glen 
White,  W.  Va. 
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Gar  A.  Roush,  So.  Bethlehem,  Pa. 

Proposed  by  Joseph  W.  Richards,  Benjamin  L.  Miller,  Henry  S.  Drinker. 

Born  1883,  Harrisburg,.  Ind.  1901,  Hiij;h  School.  1905,  Indiana  Univ.;  A.B. 
1910,  Univ.  of  Wisconsin;  M.S.  1905,  Chemist,  llepublic  Iron  &  Steel  Co.,  Birm- 
ingham, Ala.  1906,  Chemist,  National  Carbon  Co.,  Clarksburg,  W.  Va.  1909, 
Chemist,  American  Carbon  Battery  Co.,  East  St.  Louis,  111. 

Present  position:  1912  to  date,  Asst.  Prof,  of  Metallurgy,  Lehigh  Univ.;  Asst. 
Secy,  of  American  Electrochemical  Society;  Editor  of  Mineral  Indtislry. 

Delbert  B.  Sayres,  Big  Stone  Gap,  Va. 

Proposed  by  James  M.  Hodge,  W.  R.  Peck,  Howard  N.  Eavenson. 

Born  1876,  Edison,  Ohio.  1905,  Ohio  State  Univ.;  E.  M.  1903-04,  Special  work 
with  F.  A.  Ray,  Consulting  Engr.,  Columbus,  Ohio.  1905-07,  United  States  Coal  & 
Coke  Co.,  Gary,  W.  Va. 

Present  position:  1907-14,  Chief  Engr.,  Stonega  Coke  &  Coal  Co.,  Big  Stone 
Gap,  Va. 

Caspar  Anthony  Schmidt,  Socorro,  N.  M. 

Proposed  by  Arthur  Thacher,  Russell  B.  Paul,  Frank  L.  Nason.'' 

Born  1877,  Detroit,  Mich.  1890-93,  St.  Joseph's  Commercial  College,  Detroit, 
Mich.  1899-03,  Course  in  Mining  Engineering,  Mass.  Inst,  of  Technology;  B.  S. 
190;3-06,  Engr.,  La  Compania  Sutphen  de  I^vaderos  de  Oro.  1906,  Engaged  in 
gold  dredging  on  the  Island  of  Tierra  del  Fuego,  Chile,  S.  A.  1906-07,  Engineer, 
engaged  in  placer  and  hydraulic  mining,  Punta  Arenas,  Straits  of  Magellan,  Chile, 
S.  A.     1908-09,  Engr.,  Bristol  Cons.  Mining  &  Smelting  Co.,  Pioche,  Nev. 

Pressnt  position:  1910  to  date,  Min.  Engr.,  Empire  Zinc  Co.  of  Denver,  Colo., 
Ariz.,  New  Mexico,  engaged  in  operation  and  examination  of  mines  in  Mexico. 

Cecil  Weldon  Smith,  Nokomis,  111. 

Proposed  by  F.  H.  DeWolf,  S.  O.  Andros,  R.  Y.  Williams. 

Bom  1890,  Clifton,  111.  1909-13,  Completed  course  in  Mining  Engineering  at 
Univ.  of  111.,  B.  S.  1912,  Coal  sampler.  111.  Coal  Investigation  Commission.  1912- 
13,  Draftsman,  111.:  State  Geological  Survey. 

Present  position:  1913  to  date,  Engr.,  Nokomis  Coal  Co.,  Nokomis,  III. 

Harvey  E.  Smith,  Urbana,  III. 

Proposed  by  H.  H.  Stock,  R.  Y.  Williams,  E.  A.  Holbrook. 

Bom  1885,  St.  Louis,  Mo.  St.  Louis  Central  High  School.  1906-10,  School  of 
Mines  and  Metallurgy,  Univ.  of  Mo.;  B.  S.  1914,  E.  M.  1910-11,  Div.  Engr., 
Brazil  Block  Coal  Co.,  Westville,  III.  1911-12,  Resident  Engr.,  Dering  Coal  Co., 
West  Frankfort,  III.  1912,  Asst.  Engr.,  Allen  &  Garcia  Co.,  Cons.  Engrs.,  Chicago, 
HI.  1912-13,  Supt.,  Allen  &  Garcia  Co.,  in  charge  of  construction  and  development, 
J.  Woolley  Coal  Co.,  Mine  8,  Paxton,  Ind.  1913-14,  Chief  Engr.,  Mayer  Coal  Co., 
West  Mineral,  Kan. 

Present  position:  Illinois  Miners  &  Mechanics  Institute,  Urbana,  111. 

Malcolm  Macauley  Smith,  Big  Stone  Gap,  Va. 

Proposed  by  James  M.  Hodge,  W.  R.  Peck,  Howard  N.  Eavenson. 

Born  1872,  Brooklyn,  N.  Y.  Received  general  education  at  public  schools  of 
Brooklyn,  N.  V.,  and  at  Cooper  Union,  N.  Y.,  following  this  up  w^ith  two  years'  study 
under  Hamilton  S.  Ewen,  City  Surveyor  of  New  York  City.  After  that,  studied, 
read  and  experimented  alone  while  working  as  a  civil  and  mining  engineer  in  the 
coal  fields  of  Virginia,  Kentucky,  and  Tennessee.  1891,  Citv  Engr.,  Big  Stone 
Gap,  Va.  1892-99,  Chief  Engr.,  Va.  Coal  &  Iron  Co.  1899-1914,  Civil  and  Mining 
Engmeering,  also  Consulting  Engr.  for  Mineral  Development  Co.  and  others,  pro- 
jecting most  of  the  mines  and  coke  plants  of  southwest  Virginia,  and  doing  court 
work  as  expert. 

Present  position:  Mining  Engr.,  Va.  Coal  &  Coke  Co. 

E.  B.  Snider,  Charlestown,  W.  Va. 

Proposed  by  Frederic  R.  Ahbe,  Charles  E.  Krebs,  Samuel  A.  Tavlor. 

Born  1882,  Uniontown,  Pa.  1905,  West  Virginia  Univ. ;  B.  S.  1905,  Pennsvlvania 
R.  R.  1906,  Phillip  Konrad,  Civil  and  Mining  Engineer.  1907-08,  H.  C.  Frick 
Coke  Co. 

Present  position:  1909  to  date,  Romine  &  Snider,  Civil  and  Mining  Engineers, 
Charlestown,  W.  Va. 
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Jean  Philip  Varian,  lola,  Kan. 

Proposed  by  Marmaduke  B.  Holt,  George  A.  Kennedy,  William  J.  Cox. 

Bom  1882.  Denver,  Ck)lo.  1902-06,  Mass.  Inst,  of  Tech. ;  B.  S.  1906-07,  Rodman, 
Transitman,  Arizona  Copper  Co.  1907-08,  Chemist,  Colo.  Zinc  Co.*  1908-09,  Chemist, 
Rico  Mining  Co.  1909,  Government  Geology.  1909-10,  Prospecting  Canada  and 
Colo.  1910-11,  Chemist,  Chance  Hilltop  Mming  Co.  1911-13,  Chemist,  Tomboy 
Gold  Mining  Co.,  Ltd. 

Present  position:  1913  to  date,  Asst.  Supt.,  Prime  Western  Spelter  Co. 

Taichiro  Wakabayashi,  Okayamaken,  Japan. 

Proposed  by  Shinji  Harada,  Tsunashiro  Wada,  Takeshi  Kawamura. 

Born  1874,  Kanazawashi,  Japan.  1898,  Grad.,  College  of  Engineering  (mining 
dept.),  Tokyo  Imperial  Univ.,  Japan.  1898,  Min.  Engr.,  Arakawa  Mine,  Mitsu 
Bishi  Co.     1910,  Mgr.,  Arakawa  Mine,  Mitsu  Bishi  Co. 

Present  position:  1912  to  date,  Mgr.,  Yoshioka  Mine,  Mitsu  Bishi  Co. 

Raymond  A.  Walter,  Frostburg,  Md. 

Proposed  by  R.  Dawson  Hall,  W.  E.  Fohl,  H.  V.  Hesse. 

Bom  1886,  Newlin.  Pa.  Public  and  High  School,  supplemented  by  from  three  to 
four  hours'  daily  studv  of  engineering  topics  for  the  past  eleven  years.  1903-04, 
Chainman,  Webster  Coal  &  Coke  Co..  (Jreeson,  Pa.  1904-05,  Asst.  Transitman, 
Phila.  &  Reading  C.  &  I.,  Co.,  Ashland,  Pa.  1905-06,  Transitman.  Vinton  Colliery 
Co.,  Vintondale,  Pa.  1906-07,  Asst.  Engr.,  F.  K.  Knight,  Monroe,  N  .  Y.  1907-08, 
Drsbftsman,  Maryland  Division,  Cons.  Coal  Co.,  Frostbursc,  Md.  1908-09,  Construc- 
tion Engr.,  Maryland  Division,  Cons.  Coal  Co.,  Frostburg,  Md.  1909-11,  Asst. 
Chief  Kngr.,  Maryland  Division,  Cons.  Coal  Co.,  Frostburg,  Md. 

Present  position:  1911  to  date.  Chief  Engr.,  Maryland  Division,  Consolidation 
Coal  Co.,  Frostburg,  Md. 

Andrew  Weisenburg,  Philadelphia,  Pa. 

Proposed  by  C.  J.  London,  F.  Lynwood  Garrison,  Thomas  T.  Read. 

Bora  1885,  New  York.  1905-06,  Penn.  State  College.  1906-08,  Univ.  of  Penn. 
1908-10,  Univ.  of  Tenn.;  B.  S.  in  Mining  Engineering.  1909-13,  Worked  at  various 
mines  and  mills  in  the  U.  S.  and  Canada. 

Present  position:  1913  to  date,  Placer  examination,  Colombia,  S.  A.,  with  C.  J. 
London. 

Frank  H.  Winsor,  Jr.,  Murray,  Utah. 

Proposed  by  J.  B.  Mcintosh,  Brent  N.  Rickard,  Charles  W.  Adams,  Jr. 

Born  1888,  MitcheU,  S.  D.  1911,  S.  D.  School  of  Mines;  B.  S.  1909-10,  Practical 
miniuK,  U.  S.  Mining  Co.,  Bingham,  Utah.  1911-12,  Concentrator,  Utah  Copper  Co., 
Garfield,  Utah.     1912-13,  Chemist,  Mason  Valley  Smelter,  Thompson,  Nev. 

Present  position:  Chemist,  A.  S.  &  R.  Smelter,  Murray,  Utah. 

Ernest  Leon  Seift  Wrampelmeier,  Nevada  City,  Cal. 

Proposed  by  Charles  C.  Derby,  R.  E.  Tremoureux,  Arthur  B.  Foote. 

Bom  1884,  Zurich,  Switzerland.  1904,  Surveying  at  Mich.  College  of  Mines. 
1909-11,  Completed  course  at  Michigan  College  of  Mines;  B.  S.  and  E.  M.  1905-06, 
Surveyor  at  Oleum,  Cal.,  for  Union  Oil  Co.  1905,  Foreman,  Giant  Powder  Co., 
Giant,  Cal.  1907-08,  Sunt.,  Pioneer  Midway  OQ  Co.  1909-11,  Student,  Mich. 
College  of  Mines.  1912,  Special  Oilfield  work  for  J.  W.  Jameson,  et  al.  1912,  North 
Star  Mines,  Underground,  Assay  Office,  Cyanide  Plant. 

Present  position:  1913  to  date,  Supt.,  Erie  Mine,  Gaston,  Cal. 

Arthur  James  Wyly,  Lebong,  Benkoelen,  Sumatra,  D.  E.  I. 

Proposed  by  P.  Jansen,  W.  S.  Brown,  Thomas  H.  Leggett. 

Bora  1875,  Adelaide,  So.  Aust.  1893-96,  University  and  School  of  Mines,  Ade- 
laide, So.  Aust.  1897,  Assayer  and  Asst.  Met.,  Cobar  Gold  Mines,  Ltd.,  Cobar, 
Aust.  1898,  Met.,  Bank  of  England  Gold  Mine,  Kalgoorlie,  Western  Australia. 
1899-1900,  Foreman  and  Mgr.,  Hannans  Public  Crushing  Co.,  Kalgoorlie,  Westera 
Australia.  1900-06,  Foreman,  Great  Boulder  Perseverance  Co^  Sulphide  Mill,  West 
Australia.  1906-07,  Mgr.,  Hopes  Hill  Gold  Mine,  Southera  (Jross  West.  Australia. 
1907,  Mill  Mgr.,  Dalgellejr  Copper  Mines,  Wales,  England.  1907-08,  Supt.  Engr., 
Elnore  Process,  Avino  Mines  of  Mexico.  1908^9,  Met.  Engr.,  Mine  d'Or  du 
Chatalet,  Creuse,  France. 

Present  position:  1909  to  date.  Cyanide  Mgr.  and  Supt.  Reduction  Works, 
Lebong  Tandai,  Benkoelen,  Sumatra. 
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Associate  Members 

Charies  Frederick  Brooker,  Ansonia,  Conn. 

Proposed  by  B.  B.  Thayer,  W.  D.  Thornton,  W.  8.  Harper. 

Bom  1847,  Litchfield,  Conn.     1864  to  date,  Coe  Brass  Mfg.  Co.   and  suooessor. 

Present  position:  Pres.,  American  Brass  Co.,  Waterbury,  Cx>nn. 

Arditir  Lucas  Tones,  Denver^  Colo. 

Proposed  by  Fred  H.  Bostwick,  C.  L.  Colbum,  James  M.  MoClave. 

Bom  1879,  Ballston,  N.  Y.  1904,  Grad.,  Cornell  Univ^  Ithaca,  N.  Y.;  E.  M. 
in  Electrical  Engineering.  1904-06,  Testing  Dept.,  General  Ellectric  Co.,  Schenectady, 
N.  Y.  1906-09,  Power  and  Mining  Engineering  Dept.,  General  Electric  Co., 
Schenectady,  N.  Y. 

Present  position:  1909  to  date.  District  Ekigr.,  General  Electric  Co.,  Schenectady, 
N.Y. 

James  G.  Stanley,  Lead,  S.  D. 

Proposed  by  Allan  J.  Clark,  W.  J.  Sharwood,  B.  C.  Yates. 

Bom  1881,  Gary,  S.  D.  1902,  Univ.  of  Minn.:  A.  B.  1904,  Colimibia  Univ.: 
LL.  B. 

Changes  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  June  10  to  July  10,  1914.  This 
list,  together  with  the  list  published  in  Bulletin  Nos.  88  to  91,  April 
to  July,  1914,  and  the  foregoing  list  of  new  members,  therefore,  sup- 
plements the  annual  list  of  members  corrected  to  Mar.  1,  1914,  and 
brings  it  up  to  the  date  of  July  10,  1914. 

Austin,  W.  Lawrence P.  O.  Box  452,  Riverside,  Cal, 

Barling,  H.  B Care  Breitung  &  Co..  Ltd.,  11  Pine  St.,  New  York,  N.  Y. 

Barney,  M.  T Hotel  Vendome,  Haileybury.  Ont..  Canada. 

Barratt,  S.  a Calle  Cristina  Baja  14,  Santiago  ae  Cuba,  Cuba. 

Batlis,  R.  T 24  Lombard  St.,  London,  E.  C,  England. 

Berrien,  Chauncet  L Asst.  Genl.  Supt.,  Anaconda  Copper  Mining  Co., 

Leonard   Mine,   Butte,   Mont. 

Black,  Robert  M Provinoetown,   Mass. 

Blake,  D.  £ Care  Santa  Maria  Mining  Co.,  Haynes,  Ariz. 

BoLGL^o,  J.  B 1880-208  S.  La  Salle  St.,  Chicago,  111. 

BoTD,  Albert  H 3700  Raer  St.,  Denver,  Colo. 

Boys,  H.  R Fairview,  Nev. 

BouRDARiAT,   A.   J Ingenieur   Conseil,   &  Tananarive.   Madagascar. 

Brewster,  Burt  B.  . .  Mgr.,  Alaskan  OfEice,  Sullivan  Maohinei^  Co^  Juneau,  Alaska. 

Brtce,  Robert  A 119  Cowan  Ave.,  Toronto.  Canada. 

Butler,  M.  C Assembly  Hotel,  9th  and  Madison  Ave.,  Seattle.  Wash. 

Cairns,  John  M.  . .  Care  Henry  S.  King  &  Co.,  Bankers,  65  Comhill,  London, 

E.   C,   England. 

Caruthers,  a.  Wayne 223  E.  Sunbury  St.,  Shamokin,  Pa. 

Chambers,  F.  M Goldfield  Belmont  Extension  Min.  Co.,  Goldfield,  Nev. 

Chase,   E.   E Box  866,    Durango,   Colo. 

Clemes,  a.  Willis Efobart,   Tasmania. 

CoRBirs,  A.  W Los  Molinos,  Tehama  Co.,  Cal. 

CoRwiN,  Frank  R. Supt.,  Copper  Queen  Cons.  Min.  Co.,  Douglas,  Ariz. 

Crowley,  T.  Irwin 101  West  73d  St.,  New  York,  N.  Y. 

CuiONGS,  W.  L 212  South  High  St.,  Bethlehem,  Pa. 

Day,  Alexander  H P.  O.  Box  164,  Tooele,  Utah. 

Deacon,  R.  W Supt.,  United  States  Metals  Refining  Co.,  Chrome,  N.  J. 

Del  Mar,  Algernon Route  8,  Box  323,  Sierra  Vista,  Los  Angeles,  Cal. 

Dietrich,  W.  F Warren,  Cochise  Co.,  Ariz. 

Dingwall,  W.  B.  A Hutchins  Hotel,  San  Antonio,  Texas. 

Eye,  C.  M Box  1298,  Phoenix,  Ariz. 

Gaenblen^   G.   R 403   St.   Anthony   Ave.,   San   Antonio,   Texas. 

Gatch,  Nelson  B Granby,   Newton  Co.,   Mo. 
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Gillespie,  F.  Maury Apartado  429,  San  Jos6,  Costa  Rica,  C.  A. 

Hall,  Geobge 12  Sheepcote  Road,  Harrow,  England. 

Hamlyn,  J.  J 433  California  St..  San  Francisco,  Cal. 

Hamman,  J.  S Box  1236,  Salt  Lake  Citv,  Utah. 

Hance,  James  H 202  Perry  St.,   Elgin,   111. 

Heggie,  James Cons.  Kansas  City  Smelting  &  Refining  Co.,  El  Paso,  Texas. 

Heldt,  H.  Ludwig.  . .  Sonibrerete  Min.  Co.,  Sombrerete,  Zacatecas,  Mex.,  via  El  Paso. 

Henderson,  J.  A.  Leo 3  London  Wall  Buildings,  London,  E.  C,  England. 

Ho,  Chibh 18  Tai  On  Lane,  Haining  Road,  Shanghai,  China. 

HoLBERTON,   Walter  T Copiapo,   Chile,   S.   A. 

Jordan,    R.    D Stag    Hall,    Sparrows    Point,    Md. 

Kelley,  Arthur  L Instructed  to  hold  all  mail. 

Kibe,  Kazuye Care  A-ni  mine,  Akit-Ken,  Japan. 

Kidder,  S.  J The  Hillcrest,   1200  California  St.,  San  Francisco,  Cal. 

LiEBiG,   J.   O Sparrows   Point,    Md. 

Lihme,  C.   B 1350  North  State  St.,   Chicago,   111. 

Lincoln,    Francis   C University   of    Nevada,    Reno,    Nev. 

LoNGYBAR,  J.   M.,  Jr., Care  F.  L.  Barrett,   Houghton,   Mich. 

Lyman,  R.  H. ..Mgr.,  Seneca  Superior  Silver  Mines,  Ltd.,  Cobalt,  Ont.,  Canada. 
McDouGALL,  W.  D. . .  19  Bedford  Place,  Russell  Square,  London,  W.  C,  England 

McIntire,  Robert 719  Harrison  Ave.,  Helena,  Mont. 

MacDonald,   Bernard 533-534  I.   W.    Hellman   Bldg.,  Los  Angeles,   Cal. 

Mann,  William  Seward,  Technical  Mgr.,  Viking  Mining  A^ociation,  Ltd., 

Cisco.   Placer  Co.,   Cal. 

Marriott,  Frederick  A Corn  &  Motor  G.  M.  Co.,  Ltd.,  Eiffel  Flats, 

Rhodesia,  So.  Af. 

Marsh,  Richard 1727  E.   11th  Ave.,  Spokane,  Wash. 

Marshall,  Emory   M Box  1651,  Globe,  Ariz. 

Meiklejohn,  D.  F.,  Care  Armstead  United  Companies,  Inc., 

29  Broadwav,  New  York,  N.  Y. 

Merwin,    Miles   H 6328   Howe  St.,   Pittsburg,   Pa. 

Miller,  Emory  T.,  Care  The  WTiite  Investing  Co.,  55  Liberty  St.,  New  York,  N.  Y. 

Miller,  Joseph Mt.  Jasper  Mine,  Heazlewood,  via  Burnie,  Tasmania. 

MiNSCH,  W.  C 16  Dayton  St.,  Worcester,  Mass. 

Mooney,   J.   D... Sales  Engr.,   B.   F.   Goodrich   Co.,  Akron,  Ohio. 

MoRLEY,   Frederick   H 1321   Wood    Ave.,    Colorado   Springs,   Colo. 

Oatman,   F.   W 1227    23d    St.,  Sacramento,   Cal. 

Page,    George   S 7212   Thomas   Blvd.,    Homewood   Sta.,    Pittsburg,    Pa. 

Pentland,  W.  J Care  Dorr  Cyanide  Machinery  Co.,  Denver,  Colo. 

Perry,  W.  A Onteora  Park,  Tannersville,  N.  Y. 

Pierce,   F.  E Room   1511,  35  Nassau  St.,  New  York,  N.  Y. 

Poole,  William,  Julius  &  Poole,  Culwalla  Chambers,  Castlereagh  St., 

Syndey,   N.   S.   W.,   Australia. 

Potter,   Charles  F 716  Los   Angeles   Investment  Bldg.,  Los  Angeles,   Cal. 

PosTLETHWAiTE,  R.  H 865  Mouadnock  Bldg.,  San  Francisco,  Cal. 

Raymond,  R.  M The  Exploration  Co., Ltd.,  61  Broadway,  New  York,  N.  Y. 

Remick,   Walter  L Eagle  River   Mining  Co.,   Amalga,   Alaska. 

Roberts,  J.  C Brockvale,  Colo. 

Rogers,    William    B Garrison-on-Hudson,    N.    Y. 

Ross,   H.   W 314  Pacific   Ave.,   Piedmont,   Alameda  Co.,   Cal. 

Ryan,  Edward  C Care  Toledo  Furnace  Co.,  Front  Street,  Toledo,  Ohio. 

Searing,  Oliver  P P.  O.  Box  48,  Treadwell,  Alaska. 

Seibert,  Percy  A.,  54  bis  rue  de  Villiers,   Neuilly-sur-Seine,  pres  Paris,  France. 

Shaw,    S.    F 106    E.    French    Place,    San    Antonio,    Texas. 

Shearman,    William   H 825   President   St.,    Brooklyn,    N.    Y. 

SiMONDS,   Francis   M 25   Madison   Ave.,   New   York,    N.   Y. 

Smith,    Bert  F 122   W.   State   St.,   Boise,   Idaho. 

St  AVER,    W.    H Columbia,    Tuolumne   Co.,    Cal. 

Stevens,  Blamey,  Lane  Rincon  Mines,  Inc.,Temascaltepec, 

Estado   de    Mexico,    Mexico. 

Sullivan,  Willard  P The  Henry  Walke  Co.,  Norfolk,  Va. 

Tackmann,  Henry,  British  Columbia  Copper  Co.,  Voigts  Camp,  via 

Princeton,    B.    C,    Canada. 

Thomson,  Edward 535  Grayson  St.,  San  Antonio,  Texas. 

Thomson,    Henry    N Care    United    Verde   Co.,    Clarkdale,    Ariz. 
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Trauerman,  Carl  J 832  Colorado  St.,  Butte,   Mont. 

Turner,  R.  Chester 2517  Bonvenue  Ave.,  Berkeley,  Cal. 

VoGELSTEiN,  LuDWiG 42  Broadway,  New  York,  N,  Y. 

Wilcox,  Ralph  . . : Curanilahue,  Chile,  S.  A. 

Williams,  Arthur Irving  Place  and    15th  St.,  New  York,  N.  Y. 

Williams,  H,  L Care  N.  J.  Zinc  Co.,  55  Wall  St.,  New  York,  N.  Y. 

Wilson,   Gordon Benallan,   Kirkintilloch,   Dumbartonshire,  Scotland. 

WiNNE,  RoLLA  D. 17  College  Ave.,  Adrian,  Mich. 

Wiser,   Oba Chino  Copper  Co.^  Hurley,   N.   M. 

W^OLP,    W.    A Wmnemucca,    Nev. 

W'ooD,    C.   L Lyons,    Ohio. 

WuENSCiL  C.  E The  Empire  Zinc  Co.,  703  Symes  Bldg.,  Denver,  Colo. 

YoiTNG,    C.    M ^. ". Hiram,    Ohio. 

Addresses  of  Members  and  Associates  Wanted 

Name.  Last  address  of  Record,  from  which  Mail  has  been  Returned. 

BoLLEft,  J.  H 114  W.  79th  St.,  New  York,  N.  Y. 

Butler,    John    Scot San    Luis    Potosi,    Mexico. 

Chamberlain,  John  R.  .  .El  Aguila  Oil  Co.,  Apartado  150,  Tampico,  Tamps.,  Mexico. 

DiSBROW,  W.  F 1108  Foster  Bldg.,  Denver,  Colo. 

Elliot,  John  L 54  New  Bond  St.,  London,  E.  C,  England. 

Ferguson,   Claude Wasco,   Kern  Co.,   Cal. 

Hoffmann,   A.  O Handtverkargatan   15,   Stockholm,   Sweden. 

Hopkins,    G.    V Glamorgan,    Wales,    Great    Britain- 

Jeffrey,  Robert  H Gabriel,  Dur.,  Mexico. 

Lamb,    W.    K.,   Jr .* Boyles,    Ala. 

Leavell,  John  H Newhouse   Bldg.,  Salt  Lake  City,   Utah. 

Menefee,   Arthur   B Oxford,    N.   J. 

PoLKiNHORN,  E.  J Apartado  Postal  No.   12,  Torreon,  Coahuila,   Mexico. 

Rawlings,  Stuart  L Durango,  Mexico. 

Reynolds,    H.    D.    G Bisbee,    Ariz. 

Scobey,   J.  C 3424  Colfax  Ave.   B.,   Denver,  Colo. 

SiMiNGTON,  Francis  J 6444  Stoney  Island,  Jackson  Park  Sta.,  Chicago,  111. 

Smith,    Charles  Albert San   Francisco,   Cal. 

Stacpoole,  S.  W 3d  Ave.  de  la  Libertad  No.  5,  Orizaba.,  V.  C,  Mexico. 

Teel,  William  H 205  19th  Ave.  N.,  Seattle,  Wash. 

Wallace,  Robert Reno,  Nev. 

Wheelwright,   O.    W Madison,   Wis. 

Young,  C.  D Tower  City,   N.   D. 

Necrology 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  period  June  10  to  July  10,  1914. 

Date  of 

Election  Name                                                                   Date    of    Decease. 

1907  ♦Heroult,  Paul  L.  T , 

1908  ♦Hoadlev,  C.  B , 

1872  ♦Janin,  Louis March  6,  1914. 

1889  ♦Lav,  Henry  C June    9,  1914. 

1897  ♦Rdbbins,  Frank June  28,  1914. 

•Member. 
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EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 

New  York 

L.  W.  FRANCIS,  Chairman,              WILLARD  S.  MORSE.  Vic^hairman. 
THOMAS  T.  READ.  Secretary,  Woolworth  Bldg..  New  York,  N.  Y. 
P.  A.  MOSMAN,  Treaturer. 
LOUIS  D.  HUNTOON.  

Boston 

HENRY  L.  SMYTH.  Chairman.  ALFRED  C.  LANE.  Vice^hairman, 

AUGUSTUS  H.  EUSTIS.  Secreiarv-Treaturer,  131  State  St..  Boston,  Mass. 

TIMOTHY  W.  SPRAGUE.  HENRY  A.  WENTWORTH. 

Columbia 

F.  A.  THOMSON,  Chairman,  GEORGE  W.  RODDEWIG,  Viee^hairman, 

LYNDON  K.  ARMSTRONG,  SeeretarvTreatunr,  P.  O.  Drawer  2154,  Spokane,  Wash. 
R.  S.  McCAFFERY,  S.  H.  RICHARDSON. 

Pugei  Sound 
JOSEPH  DANIELS.  Chairman,  J.  N.  POTT.  Vtce-Chairman, 

I.  F.  LAUCKS,  Secretarv'Treaaurer,  96  Yeder  Way.  Seattle.  Wash. 
A.  F.  BLAIR.  CHESTER  F.  LEE. 

Southern  California 

THEODORE  B.  COMSTOCK,  Chairman.  SEELEY  W.  MUDD,  Vice^hairman. 

FREDERICK  J.  H.  MERRILL.  SeeretanhTreaaurer,  300  Germain  Bldg.,  Los  Angeles,  Cal. 
C.  COLCOCK  JONES.  FRANK  R0BBIN8. 

Colorado 

FRANK  BULKLEY,  Chairman, 
C,  LORIMER  COLBURN.  SecretarvTrea»urer,  614  Ideal  Bids.,  Denver,  Coiu. 
S.  A.  lONIDES.  JAMES  M.  McCLAVE,  DAVID  G.  MILLER. 

Montana 

E.  P.  MATHEWSON.  Chairman.  FRANK  M.  SMITH,  Vic^-Chairman. 

D.  C.  BARD.  Secretary,  Montana  State  School  of  Mines.  Butte.  Mont. 
JAMES  L.  BRUCE,  OSCAR  ROHN. 

San  Francisco 

S.  B.  CHRISTY,  Chairman,  H.  C.  HOOVER.  Vice^hairman. 

ABBOT  A.  HANKS,  Secretary-Treaaurer,  630  Sacramento  St..  San  Francisco.  Cal. 

F.  W.  BRADLEY,  C.  W.  MERRILL. 

Pennsylvania  Anthracite  Section 
R.  V.  NORRIS.  Ch«^rman, 
CHARLES  F.  HUBER.  Vice-chairman,  W.  J.  RICHARDS,  Vic€-<!hairman, 

EDWIN  LUDLOW,  Vice<!hairman,  ARTHUR  H.  8T0RRS,  Vice^hairman. 

CHARLES  ENZIAN,  SecretanfTreamirer,  U.  S.  Bureau  of  Mines,  Wilkes-Barre,  Pa. 
DOUGLAS  BUNTING.     FRANK  A.  HILL.  ALBERT  B.  JESSUP, 

RUFUS  J.  FOSTER,        JOHN  M.  HUMPHREY,       ROBERT  A.  QUIN. 

St,  Louis 

HERBERT  A.  WHEELER,  Chairman.  FIRMIN  V.  DESLOGE,  Vice^hairman. 

WALTER  E.  McCOURT,  Secretary-Treaturer,  Washington   Unir.,  St.  Louis,  Mo. 
W.  MALCOLMSON.  R.  A.  BULL,  PHILIP  N.  MOORE. 

Chicago  Committee 

ROBERT  W.  HUNT,  Chairman.  J.  A.  EDE.  Viee^hairman. 

H.  W.  NICHOLS.  Seeretarv'Treantrer,  Field  Museum  of  Natural  History.  Chicago.  111. 
F.  K.  COPELAND.  G.  M.  DAVIDSON. 

Utah-Nevada  Committee 
ROBERT  C.  GEMMELL.  Chairman. 
GEORGE  D.  BLOOD,       LAFAYETTE  HANCHETT.  GEORGE  W.  RITER. 

ERNEST  GAYFORD,        DUNCAN  MacVICHIE. 
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STANDING  COMMITTEES 
Executive 

BENJAMIN  B.  THAYER,  Chairman. 
JAMES  F.  KEMP.  CHARLES  F.  RAND, 

ALBERT  R.  LEDOUX,  JOSEPH  W.  RICHARDS. 

Memberehip 
KARL  EILERS,  Chairman, 

JOHN  H.  JANEWAY,  J»., 
SIDNEY  J.  JENNINGS. 


W.  R.  INGALLS. 
JOHN  D.  IRVING, 


Finance 
CHARLES  F.  RAND,  Chairman. 
KARL  EILERS.  W.  L.  SAUNDERS. 

Library 
E.  GYBBON  SPILSBURY.  Chairman.^ 
C.  R.  CORNING.«  ALEX.  C.  HUMPHREYS," 

JOHN  HAYS  HAMMOND.*  BRADLEY  STOUGHTON. 

Papers  and  PiMicaiione 

BRADLEY  STOUGHTON,  Chairman, 
wacxrrm  committsb 

JOSEPH  W.  RICHARDS, 
GEORGE  C.  STONE. 


JAMES  F.  KEMP, 
THOMAS  T.  READ, 

LEONARD  S.  AUSTIN, 

JOHN  BIRKINBINE. 

DAVID  W.  BRUNTON, 

GELASIO  CAETANI. 

WILLIAM  CAMPBELL, 

ALBERT  E.  CARLTON, 

ALLAN  JAY  CLARK, 

NATHANIEL  H.  EMMONS. 

JOHN  W.  FINCH. 

CHARLES  H.  FULTON. 

JAMES  GAYLEY. 

CHARLES  W.  GOODALE. 

C.  WILLARD  HAYES. 

HEINRICH  O.  HOFMAN, 

HENRY  M.  HOWE, 


LOUIS  D.  HUNTOON, 
L.  O.  KELLOGG, 
WILLIAM  KELLY, 
JAMES  F.  KEMP, 
CHARLES  KIRCHHOFF, 
CHARLES  K..  LEITH, 
ANTHONY  F.  LUCAS, 
RICHARD  MOLDENKE. 
SEELEY  W.  MUDD, 
HENRY  S.  MUNROE, 
R.  V.  NORRIS, 
EDWARD  W.  PARKER, 
EDWARD  D.  PETERS. 
R08SITER  W.  RAYMOND, 
JOSEPH  W.  RICHARDS, 


ROBERT  H.  RICHARDS, 
HEINRICH  RIES. 
E.  F.  ROEBER. 
RENO  H.  SALES. 
ALBERT  SAUVEUR 
CHARLES  H.  SHAMEL. 
HENRY  L.  SMYTH, 
GEORGE  C.  STONE. 
RALPH  H.  SWEETSER, 
FELIX  A.  VOGEL. 
ARTHUR  L.  WALKER, 
ROLLA  B.  WATSON, 
HORACE  V,  WINCHELL. 


COMMITTEE    ON    JUNIOR    MEMBERS    AND    AFFILIATED    STUDENT 

'     SOCIETIES 


HARRY  H.  STOEK,  Chairman. 

Vice-Chairmen 
CHARLES  H.  FULTON,  WILLIAM  B.  PHILLIPS, 

FREDERICK  W.  SPERR,  REGIS  CHAUVENET. 

GEORGE  J.  YOUNG, 
WALTER  R.  CRANE,  SeerUary,  Pennaylrania  State  Collece,  State  Collece,  Pa. 


LUTHER  W.  BAHNEY, 
DARSIE  C.  BARD. 
ROBERT  H.  BRADFORD, 
SAMUEL  W.  BEYER. 
GUY  H.  COX. 
JOSEPH  DANIELS, 
NOAH  F.  DRAKE, 


FRANK  W.  DURKEE, 
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DISCUSSION.OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preeented  in  person  at  the 
Salt  Lake  meeting,  August,  1014,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  diaoussion  in  writing  mav  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
30th  Street,  New  York,  N.  V.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
UniesB  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1,  1014.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Melting  of  Cathode  Copper  in  the  Electric  Furnace* 

BT  DORSET  A.   LTON   AND  ROBERT  M.   KBBNET,   PITTSBURO|   PA. 
(Salt  Lake  Meeting.  August,  1014) 

Introduction 

The  electric  furnace  has  always  been  found  to  be  especially  adapted 
to  melting,  refining,  and  finishing  processes  throughout  its  gradual 
acceptance  by  metallurgists  as  a  practical  apparatus  for  conducting  metal- 
lurgical operations.  In  the  steel  industry,  the  electric  furnace  is  firmly 
established  in  the  manufacture  of  steel  of  the  highest  grade,  equal  to  cru- 
cible steel.  For  the  production  of  the  cheaper  grades  of  steel  in  large 
tonnage,  the  electric  furnace  gives  a  higher-grade  product  than  the  open- 
hearth  or  converter,  but  .due  to  the  high  cost  of  power  prevailing  in  steel 
centers,  considered  from  the  electric  furnace  standpoint,  it  is  not  econom- 
ical to  produce  tonnage  steel  in  the  electric  furnace.  As  a  refining  and 
finishing  agent  for  open-hearth  or  Bessemer  steel,  the  electric  furnace  has 
had  some  degree  of  success  in  the  production  of  tonnage  steel. 

After  a  study  of  the  use  of  the  electric  furnace  in  the  steel  industry, 
it  appears  that  there  may  be  a  possibility  of  its  use  to  advantage  for  the 
melting  of  cathode  copper.  In  the  case  of  copper  the  problem  is  not  one 
of  actual  refining,  becauf  e  the  copper  if  refined  properly  by  the  electrolytic 
method  needs  no  further  refining;  it  needs  simply  to  be  cast  into  a  market- 
able shape.  The  name  "refining"  is  applied  to  the  present  finishing  proc- 
ess, because  in  the  operation  oxygen  and  other  impurities  are  removed, 
which  the  electrolytic  copper  absorbs  in  being  melted  in  the  reverberatory 
furnace.  Considering  that  processes  may  be  positive,  negative,  and  neu- 
tral, the  electrolytic  method  would  be  positive;  reverberatory  melting  of 
cathode  copper,  negative;  and  electric  furnace  melting,  neutral.  The 
electrolytic  method  produces  about  as  pure  a  copper  as  is  possible,  if 
operated  proi)erly  and  the  anodes  are  not  too  impure.  The  final  rever- 
beratory melting  of  this  cathode  copper  lowers  the  grade  of  the  final 
product,  due  to  the  absorption  of  gases  and  impurities. 

The  reverberatory  melting  of  cathode  copper  is  one  of  the  weak  parts 


*  Published  by  permission  of  the  Director  of  the  U.  S.  Bureau  of  Mines. 
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of  the  metallurgy  of  copper  to-day.  A  refining  process  is  not  required,  for 
before  the  copper  is  melted  in  the  reverberatory  furnace  it  is  pure.  The 
ideal  process  would  be  one  in  which  the  cathode  copper  could  be  melted 
and  cast  into  marketable  shapes  without  absorbing  impurities;  i.e.,  a 
neutral  process. 

Reverberatory-Furnace  Refining 

As  cathode  copper  is  practically  pure  copper,  it  would  be  ready  for 
use  if  in  a  marketable  shape,  but  as  it  is  not,  the  cathodes  must  be  melted. 
Common  practice  is  to  melt  cathodes  in  the  reverberatory  furnace.  The 
practice  at  Great  Falls,  Mont.,  has  been  described  by  W.  T.  Burns^  as 
follows: 

Two  coal-fired  reverberatory  furnaces  of  100,000  lb.  capacity  each  per 
charge  are  used  for  melting  cathodes.  The  coal  used  in  firing  them  con- 
tains about  3.5  per  cent,  sulphur.  On  account  of  this  high  sulphur 
content  in  the  coal,  it  is  necessary  to  protect  the  copper  as  it  melts  from 
the  sulphur  dioxide  gases  resulting  from  combustion  of  the  fuel.  In  order 
to  do  so  about  30  per  cent,  of  the  cathodes  going  to  make  up  a  wire-bar 
charge  are  dipped  in  milk  of  lime  before  charging.  As  the  copper  melt^ 
the  lime  forms  a  protective  coating  for  the  metal,  thas  hindering  in  a  large 
measure  the  absorption  of  sulphur  by  the  molten  copper.  Just  before 
rabbling  (or  oxidizing)  is  started  the  slag  is  skimmed  from  the  furnace. 
The  slag  obtained  is  equivalent  in  weight  to  a'bout  3.5  per  cent,  of  the 
copper  charged,  varying  with  the  amount  of  lime  added.  The  slag 
contains  about  60  per  cent,  copper. 

After  the  charge  is  completely  melted,  the  usual  practice  is  followed 
of  rabbling  and  poling  the  copper  for  oxidation  of  the  impurities  and  bring- 
ing the  metal  to  the  proper  pitch  for  casting.  Rabbling  is  effected  by  in- 
troducing compressed  air  at  a  pressure  of  16  lb.  per  square  inch  into  the 
molten  bath.  The  poling  and  reducing  action  is  obtained  by  forcing 
green  pine  poles  into  the  bath  and  by  covering  the  surface  of  the  bath  with 
charcoal. 

The  condition  of  the  bath,  as  regards  oxygen  content,  is  noted  from 
time  to  time  by  the  refiner  as  he  examines  the  successive  button  samples 
taken  from  the  bath  in  a  small  ladle.  When  the  physical  appearance  of 
the  button  indicates  that  the  ''tough  pitch"  stage  has  been  reached,  the 
poles  are  removed  and  the  dipping  operation  is  begun. 

Why  Reverberatory  Refining  is  Superfluous 

The  process  of  reverberatory  melting  of  cathode  copper  as  above 
outlined  is  not  a  refining  process.     That  it  is  so  called  is  due  to  the  fact 

^Bums,  W.  T.:  Notes  on  the  Great  Falls  Electrolytic  Plant,  BrdleHn  No.  80, 
Aug.,  1913,  p.  2011. 
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that  it  is  necessary  to  remove  the  oxygen  and  other  impurities  which  the 
electrolytic  copper  absorbs  during  melting  in  the  reverberatory  furnace. 
That  the  furnace  refining  of  copper  is  superfluous  in  so  far  as  it  improves 
the  grade  of  marketable  copper  has  been  shown  by  the  experiments  of 
E.  KeUer.* 

As  a  result  of  these  experiments  Keller  states  that  "electrolytic  copper 
which  has  not  been  melted  and  refined  is  superior  in  conductivity  to  the 
refined  and  cast  copper  by  over  2  per  cent.  There  is,  therefore,  a  field 
for  improvement  in  the  refining  or  making  of  wire  from  electrol3rtic 
copper  without  previous  melting."  Peters  states'  that  "ordinary  elec- 
trically deposited  copper  produced  on  a  large  scale  at  a  plant  using  the 
Emerson  system  of  depositing  sheets  direct  without  subsequent  furnace 
refining  showed  a  conductivity  of  from  102  to  103  per  cent." 

Another  test*  showing  the  furnace-refining  operation  to  be  super- 
fluous, or  even  harmful,  was  made  by  rolling  wire  from  a  mass  of  Lake 
Superior  native  copper  and,  after  annealing  it,  comparing  it  with  cathode 
copper  and  furnace-refined  native  copper.  The  mass  copper  and  cathode 
copper  each  had  a  conductivity  of  102.5  per  cent.,  while  furnace-refined 
native  copper  had  a  conductivity  of  99.5  to  100  per  cent. 

Effect  of  Cuprous  Oxide  on  Copper 

As  before  stated,  in  the  reverberatory  process,  while  the  copper  is 
being  melted,  it  absorbs  oxygen,  sulphur  and  other  impurities  from  the 
gas  passing  over  it  from  the  fire  box  of  the  furnace,  and  when  air  is  blown 
into  the  molten  copper,  until  about  5  to  6  per  cent,  cuprous  oxide  is  in  the 
charge.  This  cuprous  oxide  gives  up  its  oxygen  to  the  metallic  impurities 
in  the  copper,  forming  oxides,  which  pass  into  the  slag.  After  the  removal 
of  all  the  sulphur  dioxide  gas  the  cuprous  oxide  is  reduced  to  metal  by 
poling  until  the  button  sample  shows  the  proper  structure  and  the  copper 
is  tough  pitch,  when  it  is  cast.  The  cathode  copper  contains  less  than  0.1 
per  cent,  cuprous  oxide.  After  furnace  refining  it  contains  0.4  to  1.2 
per  cent,  cuprous  oxide,  with  an  average  of  about  0.7  per  cent. 

It  seems  that  under  the  present  conditions  of  refining,  cuprous  oxide 
is  essential  to  the  quality  of  the  copper  produced,  as  is  shown  by  the  fact 
that  if  the  poling  is  continued  below  certain  limits  the  quality  of  the  metal 
becomes  impaired. 

It  does  not  appear,  however,  that  the  presence  of  cuprous  oxide  itself 
has  the  direct  effect  of  improving  the  quality  of  the  metal,  as  mass  Lake 
copper  without  previous  melting  shows  a  higher  all  around  standard  than 


*  Keller,  E.:  Mineral  Industry ^  vol.  vii  (1898);  Peters,  E.  D.:  Principles  of  Copper 
SmdUng,  p.  484. 

*  Principles  c(f  Copper  Smelting,  p.  484. 
*/dem,  p.  485. 
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furnace-refined  Lake  copper.  Hampe^  found  that  the  addition  of  cuprous 
oxide  produced  no  preceptible  efifect  upon  the  strength  or  malleability 
of  pure  copper  until  0.45  per  cent,  was  added,  when  a  slight  diminution  of 
tenacity  was  observable.  With  increasing  proportions  of  cuprous  oxide, 
the  quality  of  the  copper  suffered  more  perceptibly. 

Addicks*  found  that  the  addition  of  0.05  per  cent,  oxygen  (0.44  per 
cent.  CujO)  to  pure  copper  increases  slightly  its  conductivity,  which 
drops  back  again  to  about  normal  when  the  addition  of  oxygen  reaches 
0.1  per  cent.  (0.9  per  cent.  CU2O)  and  decreases  considerably  by  further 
addition. 

The  theory  has  been  advanced  that  the  presence  of  cuprous  oxide 
improves  the  quality  of  the  copper  by  preventing  the  reduction  of  the 
dissolved  foreign  oxides,  harmless  while  oxidized  but  injurious  when 
reduced  to  the  metallic  state.  These  impurities  may  also  be  reduced 
during  over-poling  to  reduce  the  cuprous  oxide. 

Peters  states,  "We  may,  I  think,  say  with  safety  that,  while  the  pro- 
portion of  cuprous  oxide  f  oimd  in  ordinary  good  refined  copper  does  not 
appear  to  diminish  its  electrical  conductivity  (it  may  even  increase  it 
slightly),  the  very  highest  conductivity  tests  are  yielded  by  the  copper 
which  contains  no  determinable  oxygen  and  that  cuprous  oxide,  in  the 
proportion  usually  found  in  good  refined  copper,  appears  to  have  but 
little  efifect,  one  way  or  the  other,  upon  the  malleability,  ductility,  or 
electrical  conductivity  of  the  metal." 

Conditions    Necessary    for   the    Electric-Furnace  Melting  op 

Cathode  Copper 

From  the  preceding  discussion  of  present  practice  in  melting  cathode 
copper,  it  can  be  seen  that  the  ideal  process  for  melting  cathodes  is  a 
method  by  which  it  is  possible  to  produce  cheaply  in  marketable  form  as 
pure  a  copper  as  is  charged  into  the  melting  furnace.  Such  a  process  to 
be  successful  both  metallurgicajly  and  commercially  should  conform  to 
the  following  conditions: 

1.  In  order  to  keep  the  percentage  of  impurities  as  low  in  the  final 
product  as  in  the  cathode  copper  charged  into  the  furnace,  there  should 
be  a  neutral  atmosphere  in  the  melting  chamber  with  a  minimum  possi- 
bility of  introduction  of  air,  gases,  or  impurities  which  might  contami- 
nate the  copper. 

2.  Melting  should  be  performed  without  excessive  losses  of  copper, 
either  by  volatilization  or  in  any  slag  which  cannot  be  returned  to  the 
blast  furnace  or  reverberatory  furnace  for  resmelting. 


^  Zeitachrift  fUr  Berg-HHtten  und  Salinenwesen  (1873,  1874,  1876);  Peters,  E.  D.: 
Principles  of  Copper  Smelting,  p,  491. 

•  Trans.,  xxxvi,  18  (1906);  Peters,  E.  D.:  Principles  of  Copper  Smelting,  p.  491. 
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3.  The  process  should  be  susceptible  to  ready  mechanical  manipular 
tion  for  charging  and  tapping. 

4.  The  cost  of  production  should  be  at  least  as  low  as  by  existing 
methodb,  which  means  thai  the  furnace  must  handle  a  large  quantity  of 
copper  per  day  with  an  efficient  use  of  labor,  fuel,  and  power. 

The  reverberatory  process  possesses  all  of  these  qualifications  with  the 
exception  of  the  first,  for,  as  has  been  shown,  air,  gases,  and  impurities 
are  absorbed  by  the  copper  and  must  be  removed  as  far  as  possible 
later  in  the  operation.  It  is  not  simply  a  neutral  melting  furnace.  It 
melts  copper  cheaply,  is  easily  charged  and  tapped,  and  has  no  apparent 
loss  by  volatilization,  but  produces  a  poorer  grade  of  copper  than  it 
receives. 

Factors  Governing  Use  of  the  Electric  Furruice 

The  use  of  the  electric  furnace  for  melting  cathode  copper  would 
depend  largely  upon  the  cost  of  operation  and  the  loss  of  copper  by  volatili- 
zation. The  cost  of  operation  would  be  influenced  chiefly  by  the  cost 
of  hydro-electric  power  in  comparison  with  the  cost  of  coal,  with  the  higher 
efficiency  of  the  electric  furnace  in  its  favor.  A  loss  by  volatilization  has 
been  found  to  occur  by  experimenters  using  the  direct-arc  type  of  furnace 
with  the  copper  covered  with  slag.  There  has  been  no  loss  in  this  manner 
with  the  indirect-arc  type  of  furnace,  heating  by  radiation  of  the  arc, 
or  in  the  resistance  furnace. 

This  is  a  question  requiring  further  experimenting.  A  large  electric 
furnace  is  easily  manipulated  both  for  charging  or  discharging,  as  has  been 
found  to  be  the  case  with  electric  steel  furnaces,  and  lends  itself  readily 
to  the  use  of  mechanical  devices  for  charging  cathodes  and  casting  the 
copper. 

Advantages  Offered  by  the  Electric  Furnace 

Disregarding  the  commercial  economy  of  an  electric  furnace  for  melt- 
ing copper,  the  electric  furnace  provides  an  absolutely  neutral  melting 
chamber  with  no  possible  introduction  of  air  or  impure  gases  of  combus- 
tion during  the  melting  of  the  copper.  Hence,  since  electrolytically 
deposited  copper  is  practically  pure,  the  copper  melted  in  the  electric 
furnace  should  be  as  pure  as  cathode  copper,  and  subsequent  oxidation 
and  poling  are  not  necessary  to  remove  impurities  acquired  in  melting, 
as  none  are  acquired.  That  a  product  entirely  free  from  oxygen  can  be 
produced  by  melting  copper  in  the  electric  furnace  has  been  shown,  as 
stated  in  a  previous  paper  by  the  writers.^ 

Native  copper  concentrates  which  contained  about  35  per  cent,  cop- 
per were  melted  in  an  arc  furnace,  the  slag  being  formed  by  the  gangue 

^The  Smelting  of  Copper  Ores  in  the  Electric  Furnace,  Bulletin  No.  80,  Aug., 
1913,  p.  2117. 
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of  the  concentrate  with  a  suitable  flux.  As  a  result  of  17  tappings  of  the 
furnace,  copper  was  produced  in  which  no  trace  of  oxygen  could  be 
found  after  etching  with  picric  acid  and  studying  the  results  with  the 
microscope.  To  confirm  these  results,  the  same  samples  were  submitted 
to  E.  S.  Bardwell,  of  Great  Falls,  Mont.,  for  etching  with  hydrogen  and 
determination  of  oxygen  by  his  method.*  After  an  examination  of  12 
samples  Mr.  Bardwell  confirms  the  results  of  the  writers  by  report- 
ing that  he  can  discover  no  oxygen  in  the  samples  after  etching  with 
hydrogen. 

Types  of  Electric  Furnaces  that  Might  be  used  for  Melting  of 

Cathode  Copper 

There  are  four  types  of  furnaces  which  might  be  used  for  the  melting 
of  cathode  copper:  (1)  the  induction  furnace;  (2)  the  resistance  furnace; 
(3)  the  direct-arc  furnace;  and  (4)  the  indirect-arc  furnace. 

Of  these  furnaces  the  induction  furnace  is  not  practical,  for  the  follow- 
ing reasons:  (1)  The  resistivity  of  the  copper  is  so  low  that  the  current 
necessary  to  produce  the  required  heat  must  be  so  great  that  the  pinch 
effect  severs  the  column  of  molten  metal;  (2)  the  induction  furnace  is 
not  adapted  to  melting  cold  metal;  and  (3)  the  size  and  shape  of  the  hearth 
would  make  it  difficult  to  charge  large  quantities  of  cathodes.  It  is 
stated  by  one  authority  that  when  copper  is  melted  in  the  induction  fur- 
nace, the  column  breaks  off  so  often  that  it  is  necessary  to  have  a  crucible 
of  molten  metal  ready  to  pour  into  the  break. 

The  crucible  resistance  furnace  with  a  solid  resistor  is  too  small  for 
melting  large  quantities  of  copper,  and  as  now  constructed  is  not  practical 
in  large  sizes.  A  resistance  furnace  of  the  type  used  by  FitzGerald,' 
with  a  conducting  roof  which  acts  as  a  resistor  and  from  which  heat  is 
reflected  to  the  metal  beneath,  would  not  be  practical  in  very  large 
sizes  because  of  the  weakness  of  the  roof.  Also  this  type  of  furnace  was 
found  to  have  a  low  thermal  efficiency. 

Electric  furnaces  of  the  direct  resistance  type  in  which  the  molten 
bath  is  the  resistor  have  not  been  successful  in  the  steel  industry,  and 
attempts  to  use  this  principle  have  been  abandoned.  The  recent  use  of 
the  "jwncA  phenomenon*'  in  resistance  furnaces  with  a  molten  resistor, 
however,  has  been  successful  in  small  installations.  Even  in  melting  steel 
in  such  a  furnace  it  is  necessary  to  use  a  very  low  voltage  to  get  the  high 
amperes  necessary  for  heating.  The  transformers  are  attached  to  the 
bottom  of  the  furnace,  which,  while  all  right  in  small  sizes,  might  cause 

^BvUetin  No.  79,  July,  1913,  p.  1429. 

•  FitzGerald,  F.  A.  J.:  Transactions  of  the  American  Electrochemical  Society,  vol. 
xix,  p.  273  (1911);  vol.  xx,  p.  281  (1911). 
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complications  in  a  large  furnace.  With  copper  in  the  furnace  an  even 
lower  voltage  would  be  necessary,  adding  to  the  difficulties  of  design.  For 
molten  steel  a  voltage  of  from  6  to  10  volts  has  been  necessary. 

The  pinch  furnace  does  not  seem  adapted  to  a  large  capacity  per 
charge,  and  as  yet  has  not  been  built  in  sizes  approaching  arc  steel  fur- 
naces. While  it  might  be  used  for  melting  about  500  lb.  of  cathode  copper 
per  charge,  with  short  successive  runs,  this  scheme  does  not  seem  prac- 
tical for  a  plant  melting  100  tons  of  copper  per  day.  When  copper  was 
tapped  at  intervals  of  about  10  min.,  it  would  be  difficult  to  use  large-  . 
scale  charging  and  casting  machinery,  which  reduces  the  labor  cost  very 
much.  The  wear  on  the  lining  of  the  furnace  would  be  greater  than 
when  a  large  furnace  is  used  and  discharged  at  intervals  of  several  hours. 

Another  disadvantage  of  such  a  furnace  is  that  in  reverberatory  melt- 
ing large  amounts  of  copper  are  absorbed  by  the  lining,  and  this  would 
doubtless  be  the  case  also  in  electric-furnace  melting.  This  would  prove 
a  great  disadvantage  to  the  use  of  an  electric  furnace  with  a  conducting 
hearth  of  any  sort.  While  the  hearth  of  the  pinch  furnace  is  not  conduct- 
ing over  its  entire  cross-section,  it  is  conducting  at  the  points  where 
the  injectors  or  electrodes  are  placed  in  the  hearth.  After  absorption 
of  copper  by  the  hearth  short  circuits  might  occur  between  the  electrodes, 
and  if  the  furnace  were  relined  before  afifairs  could  reach  this  point,  it 
would  be  a  case  of  relining  the  furnace  very  often,  at  great  expense. 
In  the  case  of  a  furnace  with  a  non-conducting  hearth,  the  copper  could 
be  permitted  to  accumulate  on  the  hearth  without  injuring  the  operation 
of  the  furnace. 

In  regard  to  the  use  of  the  pinch  furnace  for  melting  cathode  copper, 
there  is  no  question  that  it  gives  the  best  metallurgical  conditions  for 
carrying  on  the  operation  in  a  neutral  atmosphere,  but,  in  the  opinion 
of  the  writers,  it  does  not  seem,  from  present  developments,  to  be  cer- 
tain of  success  for  this  purpose  in  a  practical  way  on  a  large  scale.  There 
are  too  many  problems  to  be  worked  out  in  regard  to  the  practical  applica- 
tion of  this  type  of  furnace  to  warrant  its  use  for  tonnage  melting,  at  the 
present  time.  It  provides  a  neutral  atmosphere,  with  no  chance  of  the 
introduction  of  impurities,  and  has  one  advantage  over  the  direct-arc 
type  of  furnace  in  that  there  is  not  the  necessity  of  keeping  a  bath  of 
slag  over  the  copper  to  prevent  loss  by  volatilization.  It  is  practically 
impossible  for  any  volatilization  of  copper  to  occur  in  a  pinch  furnace. 

Another  possible  difficulty  in  the  use  of  the  pinch  furnace  on  a  large 
scale  is  the  necessity  of  keeping  a  molten  bath  of  copper  in  the  furnace  in 
order  to  operate  it.  In  charging,  cold  solid  copper  would  be  placed  into 
hot  molten  copper.  If  there  was  any  splashing  of  the  copper,  there  might 
be  a  tendency  for  copper  to  collect  on  the  roof,  as  the  roof  is  the  cold  part 
of  the  furnace,  since  all  the  heat  is  generated  in  the  metal  charged. 

The  indirect-arc  furruice  in  which  an  arc  is  drawn  between  electrodes, 
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and  in  which  the  passage  of  the  current  is  entirely  indei>endent  of  the 
molten  bath,  has  the  advantage  of  having  the  heating  independent  of  the 
slag  or  metal.  In  steel  melting  the  very  basic  slag  used  tends  to  promote 
the  steadiness  of  the  arc  Hansen^®  states  that  the  arc  in  a  zinc  furnace 
or  brass-melting  furnace  of  this  type  is  rather  snappy  and  unsteady.  This 
is  apparently  not  fatal,  for  in  his  experiments  with  the  Weeks  f iwnace  the 
arc  was  operated  for  42  hr.  continuously  in  an  atmosphere  of  zinc  vapor. 
The  electrodes  were  not  adjusted  once  during  this  time. 

For  copper  melting  on  a  large  scale  a  furnace  with  from  three  to  six 
electrodes  probably  would  be  used.  Under  such  circumstances  it  would 
be  necessary  to  have  the  electrodes  controlled  hydraulically  by  hand, 
as  in  the  indirect-arc  steel  furnace,  or  by  automatic  electric  control. 
From  experience  with  the  indirect-arc  steel  furnace  it  is  evident  that  with 
furnaces  of  this  type  difficulty  occurs  in  the  regulation  of  electrodes  and  the 
regulation  of  the  arc  for  a  capacity  of  over  2  tons  per  charge.  The 
larger  size  seems  to  present  complications  too  great  to  permit  of  satis- 
factory operation.  The  5-ton  furnace  built  at  Turin  failed  largely  for  this 
reason,  and  in  steel  melting  it  has  been  evident  that  the  indirect-arc 
furnace  is  not  adaptable  in  sizes  of  over  2  tons,  or  300  kw.  power  load. 
In  his  first  trials  with  the  electric  f lU'nace,  Stassano  built  a  rectangular 
hearth  furnace  with  six  horizontal  electrodes  arranged  in  three  paii^, 
lengthwise  of  the  furnace.  This  furnace  failed  largely  because  of  the 
difficulty  in  maintaining  the  arc  and  the  lining. 

One  of  the  greatest  objections  to  the  indirect-arc  furnace  for  steel 
manufacture  has  been  the  high  repair  cost  for  linings  resulting  from  the 
direct  radiation  of  the  heat  of  the  arc.  Magnesite  linings,  which  increase 
the  expense  considerably,  are  necessary.  The  heat  losses  in  water-cooling 
the  electrodes  are  also  larger  than  in  some  other  types  of  electric  steel 
furnaces. 

As  a  result  of  experience  with  the  indirect-arc  steel  furnace,  while 
there  would  be  less  chance  of  loss  of  copper  by  volatilization  than  in  the 
direct-fljc  type,  it  is  believed  that  the  furnace  would  be  too  complicated 
for  practical  work;  the  up-keep  cost  too  expensive;  and  the  heat  losses 
high.  This  furnace,  while  giving  the  proper  atmosphere  for  carrying  on 
melting  of  copper,  does  not  seem  to  be  a  practical,  efficient  furnace  for 
large-scale  work. 

The  direct-^rc  furnace^  in  which  the  arc  is  formed  directly  between 
the  electrode  and  the  slag  or  metal,  may  be  of  the  conducting  or  non- 
conducting hearth  type.  The  conducting  hearth  type  is  not  feasible  for 
copper  melting,  as  before  stated,  because  it  has  been  found  that  the  com- 
bustion reverberatory  furnace  used  in  copper  melting  absorbs  large 
quantities  of  metallic  copper.     Also  there  is  always  the  danger  of  metal 

i» Hansen,  C.  A.:    Traiuactions  of  the  American  Imiitute  of  MeiaUf  vol.  vi,  p.  110 
(1912). 


Digitized  by 


Google 


MELTING  OF  CATHODE  COPPER  IN  THE  ELECTBIC  FURNACE   1799 

breaking  through  the  bottom  of  a  conducting  hearth,  which  would  be 
more  apt  to  occur  in  the  case  of  copper  than  steel,  on  account  of  the 
lower  melting  point  and  greater  fluidity  of  the  metal. 

After  a  careful  study  of  the  existing  types  of  electric  furnace,  it  is 
believed  that  the  most  practical  furnace  for  copper  melting  would  be  the 
direct-arc  type,  having  a  non-conducting  hearth,  as  for  example  the  Her- 
oult  steel  furnace.  As  an  efficient,  practical  furnace,  this  furnace  has 
demonstrated  its  superiority  in  the  metallurgy  of  steel.  The  objections 
to  the  direct-arc  type  as  not  affording  theoretically  the  best  possible  condi- 
tions for  copper  melting  do  not,  in  the  opinion  of  the  writers,  overweigh 
the  practical  points  in  its  favor. 

There  are  three  chief  disadvantages  to  the  direct-arc  electric  furnace 
for  the  melting  of  cathode  copper: 

1.  In  order  to  prevent  volatilization  it  is  necessary  to  keep  slag  on  the 
bath  at  all  times  when  current  is  passing  through  the  furnace. 

2.  From  experimental  work  to  date,  it  appears  that  there  is  a  slight 
volatilization  of  copper  with  a  furnace  of  this  type  even  when  a  slag  is 
used. 

3.  The  presence  of  slag  makes  it  difficult  to  discharge  the  furnace 
and  keep  the  copper  at  the  proper  temperature  for  pouring. 

With  the  exception  of  loss  by  volatilization,  these  objections  do  not 
seem  serious,  and  the  volatilization  loss  should  be  very  small  if  the  fur- 
nace is  operated  largely  as  a  resistance  furnace  with  a  thick  enough  bed 
of  slag  (2  to  3  in.)  to  prevent  direct  arcing  with  the  metal,  and  a  low  cur- 
rent density  in  the  electrode  to  reduce  excessive  local  heating  at  the  points 
where  the  electrodes  dip  into  the  slag.  Hansen  states  that  in  a  newly 
lined  furnace  not  designed  for  copper  melting  he  tapped  99  per  cent,  of 
the  metal  charged.  The  actual  loss  could  be  determined  only  after  a 
campaign  of  several  months.  If  loss  occurred,  it  would  probably  be  at 
the  start  of  a  run  when  the  slag  is  cold  and  not  fused. 

The  question  of  discharging  the  furnace  is  a  problem  of  operation. 
The  copper  could  be  cast  by  hand  from  a  ladle,  as  is  done  at  Great  Falls. 
In  this  case  it  would  be  necessary  to  preheat  the  ladle  and  skim  the  slag 
from  it  before  pouring,  if  the  slot  tap  hole  usually  used  on  reverberatory 
melting  furnaces  is  employed.  Or  a  preheated  bottom-casting  ladle  could 
be  used,  as  in  making  steel  castings.  A  siphon  tap  hole  might  be  designed 
so  that  the  copper  drawn  came  from  the  bottom  of  the  bath,  leaving  the 
slag  on  top  of  the  metal.  This  tap  hole  would  be  lowered  gradually,  as 
in  present  melting  practice,  taking  the  metal  from  the  bottom,  but 
with  only  the  pressure  of  the  surface  of  the  bath  behind  it.  Only  the  last 
of  the  copper  drawn  would  contain  slag,  and  the  current  could  be  main- 
tained on  the  furnace  enough  to  keep  the  copper  at  the  proper  casting 
temperature  until  the  slag  was  lowered  to  the  bottom  of  the  furnace. 
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Thus  bottom  casting,  if  preferable  to  skimming  in  the  ladle,  would  not  be 
necessary  except  at  the  end  of  the  operation. 

For  machine  casting,  with  a  siphon  tap  hole  the  operation  would  be 
performed  as  in  reverberatory  practice,  except  that  it  would  be  necessary 
to  skim  the  last  ladles  or  use  a  bottom-casting  ladle  on  account  of  the 
slag.     It  is  simply  a  question  of  manipulation. 

In  the  electric  process  of  melting  cathodes  with  the  direct-arc  furnace, 
the  charge  would  be  placed  in  the  furnace  mechanically  with  a  charging 
machine,  as  in  reverberatory  practice.  The  electrodes  would  be  drawn  up 
during  charging.  After  the  cathodes  were  all  added  to  the  furnace,  lime 
and  silica  would  be  shoveled  in  to  form  a  protective  covering  of  slag. 
The  slag  should  be  of  as  low  a  melting  point  as  possible.  The  electrodes 
would  then  be  lowered,  the  furnace  shut  up  and  the  circuit  closed.  The 
electrodes  would  be  regulated  by  hand  at  first  and  later  by  Thury  regula- 
tors, as  in  steel  furnaces.  Under  these  circumstances,  as  the  slag  is 
practically  pure  and  no  air  is  admitted  into  the  furnace,  poling  is  not 
necessary  and  the  furnace  can  be  tapped  when  the  charge  is  all  melted 
and  at  the  proper  casting  temperature.  During  tapping  the  electrodes 
would  be  gradually  lowered  and  the  current  kept  on,  so  as  to  maintain  the 
proper  temperature.  When  operated  with  a  slag  2  to  3  in.  thick,  the  fur- 
nace is  really  a  resistance  furnace  rather  than  a  direct-arc  furnace. 

Because  of  the  small  amount  of  work  done  with  melting  of  copper  in 
the  electric  furnace,  accurate  estimates  of  the  cost  of  the  process  are  diflB- 
cult  to  obtain.  It  is  probable  that  the  power  consumption  would  not 
be  over  300  kw-hr.  per  ton  of  copper  melted.  Using  this  figure  and  basing 
other  expenses  on  electric-furnace  steel  practice,  the  cost  of  melting 
cathode  copper  in  a  furnace  of  25  tons  capacity  per  charge  should  not 
exceed  $4.75  per  ton,  or  0.238c.  per  pound,  of  copper  melted,  with  power 
at  Jc.  per  kilowatt-hour. 

Conclusion 

This  short  discussion  of  the  subject  is  not  offered  with  the  idea  of 
attempting  to  convert  those  interested  in  the  matter  to  the  belief  that 
the  only  thing  to  do  is  to  melt  their  copper  in  an  electric  furnace,  but  rather 
to  suggest  that  the  electric  furnace  might  be  used  for  that  purpose. 

We  also  hope  that  the  paper  may  be  the  means  of  starting  a  discussion 
of  the  subject,  by  melters  of  copper  and  electric  furnace  men  alike,  for, 
as  is  well  known,  quite  often  it  is  not  the  paper  itself,  but  the  discussion 
of  it,  that  makes  it  valuable,  and  so  we  hope  it  will  be  in  this  case. 
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[subject  to  revibion] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Salt  Lake  meetinc,  August,  1014,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impoaable, 
then  diaeussion  in  writinc  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1,  1014.  Any  discussion 
offered  tnereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Lead  Smelting  at  East  Helena 

BT  EDGAB  L.  NBWH0U8B|  SALT  LAKE  CITT,  UTAH 
(Salt  Lake  Meeting,  August.  1914) 

The  lead  smeltery  at  East  Helena,  Mont.,  controlled  by  the  American 
Smelting  &  Refining  Co.  since  1899,  has  been  in  continuous  operation  for 
the  past  25  years.  Most  of  the  old  smelting  and  roasting  practices  have 
been  superseded  by  newer  and  more  modern  methods,  but  on  account 
of  the  difficulties  involved  in  changing  the  original  construction,  some 
of  the  methods  in  use  of  handling  materials  are  not  the  most  modern. 
This  plant,  however,  is  particularly  interesting  as  being  one  of  the  few 
essentially  lead  smelteries  in  the  United  States.  At  Federal,  111.,  Collins- 
ville,  Herculaneum,  and  possibly  other  places,  similar  work  is  being  done, 
but  it  is  doubtful  whether  any  of  them  produces  as  much  lead  as  the  East 
Helena  plant,  whose  monthly  production  averages  6,500  tons. 

The  situation,  5  miles  east  of  Helena,  is  convenient  to  both  the  Great 
Northern  and  Northern  Pacific  railroads,  while  the  electric  power  is 
obtained  from  Canyon  Ferry,  12  miles  east  on  the  Missouri  river. 

Local  quarries  supply  the  requisite  amount  of  lime  rock,  which  the 
contracts  require  to  be  crushed  to  5  in. 

Of  the  450  men  on  the  monthly  pay  roll,  a  census  showed  200  Austrians, 
1 10  Americans,  and  30  Italians,  the  balance  being  made  up  of  miscellaneous 
nationalities. 

The  ore  supply  is  mainly  derived  from  the  Coeur  d'A16ne  mines  in 
Idaho,  and  consists  of  crude  ore,  coarse  and  fine  concentrates,  middlings, 
and  slimes.  About  one-half  of  the  total  output  of  the  Coeur  d' A16ne  camp 
is  sent  to  East  Helena.  An  average  analysis  of  these  ores  gives  approxi- 
mately 40  per  cent,  lead  and  11  per  cent,  sulphur. 

Local  shipments,  varying  from  month  to  month,  are  mostly  highly 
siliceous  gold  and  silver  ores  carrying  little  lead.  Small  shippers,  leasers 
of  old  mines,  and  prospectors  are  very  numerous  throughout  Montana, 
and  it  is  the  policy  of  the  company  to  encourage  these  men  by  every 
possible  means,  including  the  free  sampling  and  analysis  of  their  ores  and 
aid  in  the  development  of  their  mines  and  prospects  whenever  their 
results  show  promise.  ^  I 
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Sampling,  Crushing,  and  Bedding 

In  order  to  obtain  a  desirable  roasted  and  sintered  product  for  the  blast 
f  urnaceS;  and  as  complete  an  elimination  of  sulphur  as  possible,  practically 
all  the  ore  is  carefully  bedded  in  bins  of  from  1,200  to  1,500  tons  capacity. 
The  accurate  bedding  of  the  ores  is  considered  as  essential  to  successful 
metallurgical  practice  and  hence  the  utmost  stress  is  laid  upon  this  point, 
the  importance  of  which  is  clearly  demonstrated  particularly  in  the  winter 
months,  when  during  days  of  5°  to  20°  below  zero  all  the  ore  freezes  both 
in  the  cars  and  in  the  bins,  the  bedding  is  rendered  inaccurate,  and  the 
result  is  evident  in  the  subsequent  erratic  behavior  of  the  furnaces.  The 
slimes  and  fine  concentrates  are  bedded  direct  and  the  crude  ore  and  coarse 
concentrates  are  unloaded  from  the  box  cars  into  a  pan  conveyor,  which 
discharges  into  the  sampling  and  crushing  mill.  This  mill  has  a  capacity 
of  45  tons  per  hour,  crushing  to  0.41  in.,  and  taking  a  mechanical  sample 
of  ^iz  of  the  original  volume  by  means  of  five  Vezin  samplers.  The 
sample  is  then  cut  down  by  coning  and  quartering  and  treated  in  the 
usual  way. 

Rich  gold  and  silver  ores  are  put  through  a  smaller  sampling  and 
crushing  mill,  a  ^  part  being  taken  for  the  sample.  These  ores  are 
binned  separately  and  go  direct  to  the  blast  furnaces  on  account  of  the 
high  metal  losses  that  would  result  in  roasting.  Single  car  lots  are  put 
through  a  third  mill,  which  crushes  to  f  in.,  taking  ^  out  for  the 
sample.  Twenty-five  per  cent,  of  the  incoming  ore  is  handled  in  the  two 
small  mills. 

Montana  mining  laws  require  that  ^  of  all  ore  shipped  from 
Montana  mines  be  held  by  the  smelting  companies  for  30  days  pending 
settlement. 

The  bins  are  divided  into  four  divisions,  three  of  the  divisions  contain- 
ing the  charges  for  the  Dwight-Lloyd  sintering  machines,  the  Godfrey 
preroasting  furnaces,  and  the  Huntington-Heberlein  converter  pots,  and 
the  fourth  being  miscellaneous  bins  for  flux,  sintered  product,  and  oxidized 
ores. 

Roasting 

In  1907  a  small  straight-line  Dwight-Lloyd  machine,  30  by  150  in., 
was  installed  for  experimental  purposes.  The  results  were  so  satisfactory 
that  in  1908  four  additional  machines,  42  by  264  in.,  were  ordered.  These 
machines  have  given  great  satisfaction  and  have  been  a  decided  success 
in  every  way.  Until  1912  crushed  siliceous  ore  or  barren  lime  rock  was 
used  as  a  grate  dressing,  mainly  to  prevent  the  charge  from  sticking  to  the 
grates.  This  practice  was  discontinued,  however,  as  it  was  found  that 
by  using  a  straight-slot  grate  in  place  of  the  original  herringbone  pattern, 
by  regulating  the  physical  make  up  of  the  bin,  and  by  keeping^the]^grates 
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open,  the  grate  dressing  could  be  dispensed  with.  The  change  from  the 
herringbone  to  the  straight-slot  grate  made  possible  the  installation  of  a 
grate-cleaning  device  on  each  machine,  consisting  of  a  steel  disk  roller 
running  parallel  to  the  direction  of  the  paUet.  The  charge  mixture  is 
trammed  from  the  bins  and  conveyed  to  a  Robins  automatic  tripper  by 
means  of  a  belt  conveyor  and  bucket  elevator.  The  tripper  feeds  the  four 
hoppers  above  the  machine  uniformly.  A  thorough  mixture  of  the  charge 
is  made  in  loading  the  bedded  ore  from  the  bins  into  the  tram  cars  and 
also  in  distributing  to  the  machine  hoppers.  The  moisture,  approximately 
5  per  cent.,  is  regulated  to  suit  the  physical  and  chemical  condition  of  the 
charge.  Ignition  is  secured  by  means  of  a  gasoline  burner  under  80  lb.  " 
pressure  and  the  suction  varies  between  5  and  8  in.  of  water,  depending 
on  the  tightness  of  the  charge.  The  charge  which  can  be  put  upon  the 
Dwight-tloyd  machine  is  extremely  flexible;  varying  percentages  of 
matte,  flue  dust,  slimes,  and  very  fine  concentrates,  mixed  with  milled  ore, 
crushed  to  0.41  in.,  are  daily  sintered  successfully.  The  sinter  produced 
is  hard  and  porous,  with  very  little  fines.  Tonnages  vary  from  90  to  120 
tons  per  machine^^day  of  24  hr.  The  speed  of  the  machine  is  from  16  to 
20  in.  per  minute,  and  the  sulphuir  is  reduced  from  12  pei;  cent,  to  3i 
to  5  per  cent.  The  following  is  a  typical  charge  made  up  of  approximately 
75  per  cent,  milled  ore,  crushed  to  J-in.  mesh,  20  per  cent,  slimes,  and  5 
per  cent,  flue  dust.  This  charge  ran  at  the  rate  of  1 10  tons  to  the  machine 
producing  an  excellent  product  for  the  blast  furnaces: 

.   SiOs      Fe         S        Zn    CaO     Pb      Cu 

Before  roasting 15.0    16.2     11.6    4.1    2.6    39.0    0.1 

After  roasting 16.8     17.2      4.6    4.0    2.9    41.7    0.4 

In  September,  1912,  experiments  were  begun  to  determine  the  advisa- 
bility of  filtering  the  gases  from  the  Dwight-Lloyd  machine.  A  small  ex- 
perimental bag  house  was  erected  containing  both  cotton  and  woolen 
bags.  At  the  end  of  six  months,  tensile-strength  tests  showed  the  bags 
to  be  uninjur>ed  by  the  gases.  These  tests  were  continued,  with  the  result 
that  in  September,  1913,  the  gases  were  turned  into  the  main  bag  house 
along  witli  the  blast-furnace  gases.  On  account  of  the  high  lead  content 
of  the  charge  and  the  heat  developed,  sufficient  lead  oxide  is  formed,  to- 
gether with  a  small  amount  of  zinc  oxide,  to  neutralize  the  SO3  in  the 


The  blast-furnace  matte  is  preroasted  in  the  four  Godfrey  furnaces, 
each  having  a  capacity  of  27  tons  per  day,  converting  the  sulphur  from 
20  to  10  per  cent.  This  preroasted  matte  is  then  mixed  with  the  direct 
converting  mixture  containing  not  over  10  per  cent,  sulphur.  The 
combined  mixture  is  then  blown  at  a  pressure  of  from  8  to  12  oz.  in  the 
Huntington-Heberlein  pots  having  a  capacity  of  12  tons  each.  At  the 
end  of  12  hr.  a  pot  is  raised  by  means  of  a  20-ton  crane,  the  non-agglomer- 
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ated  fines  are  raked  off,  and  the  pot  is  carried  to  the  breaking  floor,  where 
the  button  is  dropped.  The  large  lumps  are  picked  up  by  the  crane  and 
dropped  again,  while  the  smaller  lumps  are  fed  into  a  Blake  crusher  set 
to  3  in.  and  hoisted  into  bins  of  200  tons  capacity,  from  which  the  product 
is  taken  to  the  furnaces.  The  sintered  product  is  harder  and  less  porous 
than  the  Dwight-Lloyd  sinter,  with  perhaps  60  per  cent,  of  it  slagged. 
Taken  as  a  whole  the  Dwight-Lloyd  sinter  is  more  satisfactory  for  the 
blast  furnaces  than  the  Huntington-Heberlein  sinter.  The  standard 
tonnage  for  the  department,  consisting  of  the  four  Godfrey  furnaces  and 
12  Huntington-Heberlein  pots,  is  300  tons  per  day.  Following  are  analy- 
ses of  the  matte  before  roasting,  the  direct  converting  mixture,  and  the 
final  Huntington-Heberlein  sinter. 

SiO,  Fe     CaO      S  Pb  Zn  Cu 

Matte 2.0  42.8    0.4  21.0  14.0  6.4  6.6 

D.C.  mixture 11.4  14.7    2.5  9.4  42.0  3.5  Tr. 

H.-H.  product 9.1  27.9    1.9  5.0  36.0  4.7  2.7 

Smelting  Operations 

There  are  four  blast  furnaces,  48  by  136  in.  at  the  tuyeres,  with  an 
effective  height  of  charge  column  of  18  ft.  Each  furnace  is  provided  with 
16  tuyferes  3i  in.  in  diameter  supplied  with  blast  at  33  oz.  pressure. 
Three  of  the  furnaces  are  generally  in  operation  with  the  fourth  held  in 
reserve.  At  present,  however,  the  four  furnaces  are  running.  This 
necessitated  starting  up  three  old  hand  reverberatories  pending  the  in- 
stallation of  two  new  Dwight-Lloyd  machines  under  construction.  The 
standard  tonnage  for  each  furnace  is  220  tons  per  furnace  day,  but  this 
has  been  exceeded  by  90  tons.  The  4-ton  charge  car  is  raised  to  the  feed 
floor  by  means  of  an  incline,  the  hoistmen  raising  and  dumping  the  car. 
The  lead  from  the  furnaces  is  tapped  into  1-ton  pots  and  sent  to  the  dressing 
plant,  and  the  slag  and  matte  are  run  into  a  brick-lined  floor  hearth,  from 
which  the  matte  is  tapped  into  Kilker  mold  cars,  from  which  it  is  dumped 
into  a  railroad  car  and  sent  to  the  mill  to  be  crushed  and  put  into  the 
Godfrey  roasting  bins.*  The  slag  overflows  from  the  settler  into  a  settling 
pot,  where  any  matte  that  may  have  come  over  settles  out,  and  from  this 
pot  it  overflows  again  into  a  second  slag  pot.  When  the  settling  pot  is  full 
it  contains  a  large  percentage  of  matte  and  hence  is  kept  separated  from 
the  slag  shells  that  are  returned  from  the  slag  dump.  These  shells  are 
loaded  from  the  dump  into  raibroad  cars  by  a  locomotive  crane  and  go 
direct  to  the  furnaces.  The  matte  from  the  settler  pots  is  returned  to  the 
mill  and  crushed  for  the  roasting  bins.  The  following  is  an  extract  from  a 
daily  report: 

Slag  Analysis,  Per  Cent. 

Pb.       Ag.    Si02     FeO    MnO     CaO    MgO    Zn. 

0.90    0.30    33.2    31.9     2.6      18.4     2.1      5.0 
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Charge,  Per  Cent. 
Pb.       S.     Coke      F.C.    H.-H    D.-L.    Slag  Resmelted 
31.9     3.8    12.92    10.1     36.5     52.6  15.4 

Matte  fall,  14 . 1    Average  blast,  33  os.    Average  tonnage  of  three  furnaces,  260 

The  matte  on  this  day  contained  18.7  oz.  silver,  13.4  per  cent,  lead,  and 
9.7  per  cent,  copper.  The  specific  gravity  of  the  slag  was  determined  to 
be  3.3  and  that  of  the  matte  4.2. 

The  report  speaks  for  itself,  but  there  are  several  points  of  special  inter- 
est: (1)  The  high  percentage  of  lead  on  charge,  with  the  accompanying 
small  amount  in  the  slag;  (2)  the  high  speed  combined  with  good  reduc- 
tion; and  (3)  the  fact  that  there  was  89  per  cent,  roast  on  the  charge. 
Such  a  large  percentage  of  roast  is  handled  at  few  plants. 

The  Eilers-type  slags  are  carefully  adhered  to,  experience  at  this  plant 
having  taught  that  in  so  doing  the  best  results  on  the  furnaces  are 
obtained. 

The  so-called  lead  smelters  of  Colorado  and  Utah  run  with  from  8 
to  15  per  cent,  lead  on  charge.  With  them  the  lead  is  simply  a  means  of 
collecting  the  precious  metals  and  saving  the  small  amount  of  lead  in  their 
ores,  whereas  at  East  Helena,  on  the  other  hand,  with  from  30  to  40  per 
cent,  lead  on  charge,  this  order  is  reversed  on  account  of  the  high  percent- 
age of  lead  in  the  ores,  and  their  low  silver  and  gold  content.  As  the  per- 
centage of  lead  on  the  charge  increases,  the  problems  of  reduction  and  good 
blast-f umace  work  become  greater  and  the  furnaces  become  extremely 
sensitive  to  changes  that  would  hardly  affect  them  when  running  on  a 
lower  lead  charge. 

Whereas  5  to  6  per  cent.  Zn  in  the  slag,  produced  from  a  low-lead 
charge,  gives  little  trouble,  its  importance  is  greatly  increased  when  we  have 
from  30  to  40  per  cent,  lead  on  charge.  Smelting  a  high-lead  charge  is  a 
distinct  problem,  occupjdng  a  field  of  its  own,  whose  difficulties  offer  no 
comparison  to  blast  furnaces  running  on  a  low-lead  charge. 

Three  brick  bag  houses,  43  by  133  ft.  and  50  ft.  high,  each  containing 
1,260  cotton  bags  18  in.  in  diameter  and  30  ft.  long,  filter  the  blast-f  lU'nace 
and  Dwight-Lloyd  machine  fumes.  The  bag  houses  are  connected  to  the 
furnaces  and  Dwight-Lloyd  machines  by  flues  1,570  ft.  long.  The  suction 
in  the  flue  is  obtained  by  means  of  a  fan  making  136  rev.  per  minute  and 
driven  by  a  100-h.p.  motor.  The  temperature  of  the  gases  entering  the 
houses  varies  from  36**  in  the  winter  to  92**  in  the  summer.  The  average 
fan  pressure  on  the  bags  is  0.40  in.  water  and  the  suction  in  the  flue  0.70 
in.  The  gases  entering  these  bag  houses  contain  a  very  small  amount 
of  SO3  and  in  consequence  the  life  of  the  bags  is  approximately  four 
and  a  half  years. 

The  collected  dust  is  burned,  for  the  main  purpose  of  getting  it  into  such 
a  state  that  it  can  be  easily  handled  on  the  roasting  bins.  Formerly,  when 
high  arsenical  ores  were  treated  at  this  plant,  the  raw  dust  contained  40 
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to  50  per  cent,  arsenic,  which  on  burning  was  reduced  to  16  per  cent. 
The  following  is  an  analysis  of  the  bag-house  dust  before  and  afterburning. 

SiOt    Fe     Mn     Bi      Zn    CaO  MgO     S        As     Sb    Cu    Pb 

Raw  dust 2.6    0.7    Tr      Tr      2.4      0        0      10.2     1.2    Tr      0    68.0 

Burned  dust....  3.2    1.3    Tr      Tr      1.8      0        0        7.8    1.6    0.3    0    62.8 

The  lead  bullion  is  drawn  from  the  furnaces  into  1-ton  pots.  These 
are  trammed  into  the  drossing  plant,  adjacent  to  the  furnace  building, 
hoisted  to  the  level  of  the  drossing  pots  and  dumped  by  means  of  a  small 
auxiliary  hoist.  There  are  four  large  pots  having  a  capacity  of  54  tons 
each.  While  being  filled  the  pot  is  heated,  so  that  when  full  it  is  only 
necessary  to  allow  it  to  stand  a  short  time  before  removing  the  dross  by 
skimming.  This  is  done  by  hand,  and  generally  requires  only  a  short 
time.  The  lead  is  tapped  from  the  bottom  of  the  pot  into  bars  weighing 
90  lb.  each.  These  are  loaded  by  hand  and  shipped  to  the  refineries  at 
Omaha  and  Chicago,  while  the  dross  is  put  directly  back  into  the  blast 
furnaces.  The  monthly  production  of  lead  bullion  is  approximately 
6,000  tons  on  a  three-furnace  basis. 

The  greatest  stress  is  laid  upon  the  safety  and  welfare  of  the  men  at  the 
East  Helena  plant.  Every  possible  precaution  is  taken  to  insure  the  men 
against  injury  and  to  promote  their  general  welfare.  A  safety  inspector 
is  in  charge  of  this  work  and  every  effort  is  being  made  to  obtain  the  co- 
operation of  the  men  and  their  foremen  with  the  staff  in  charge  to  secure 
a  high  degree  of  efficiency  in  this  department. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Salt  Lake  meeting,  August,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  diseuasion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1,  1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Tests  of  Rock  Drills  at  North  Star  Mine,  California 

BY  ROBERT  H.  BEDFORD  AND  WILLIAM  HAGUE,  GRASS  VALLEY,  CAL. 
(Salt  Lake  Meeting.  August.  1914) 

The  objects  of  this  paper  are: 

1.  To  give  cost  data  on  drilling  obtained  at  the  North  Star  mine  in 
California; 

2.  To  describe  .the  methods  of  testing  drills  employed  there,  giving 
the  results  of  shop  tests,  and  the  correlated  data  obtained  underground; 

3.  To  demonstrate  that  these  tests  form  a  satisfactory  basis  upon 
which  to  judge  rock  drills. 

The  rock  at  this  mine  is  either  close-grained  diabase  in  the  upper 
levels,  or  tough  grano-diorite  in  the  lower  levels.  The  vein,  which  has 
an  average  dip  of  23**,  consists  of  about  5  ft.  of  "formation"  lying  between 
walls  of  unaltered  country  rock.  Of  the  5  ft.,  solid  quartz  and  stringers 
make  up  18  in.  of  pay  ore.  The  formation,  which  consists  of  but  slightly 
altered  country  rock,  is  almost  as  hard  as  the  un'altered  walls.  From 
4  to  4i  ft.  is  sent  to  the  mill.  One-third  of  the  holes  are  drilled  in  the 
quartz;  two-thirds  in  the  formation.  The  holes  are  about  4^  ft.  deep  and 
break  on  the  average  of  1.15  tons  per  hole.  The  average  number  of  holes 
per  stope  drill  shift  is  at  present  5.65.  The  number  of  drill  shifts  through- 
out the  mine  in  1913,  was  18,679,  and  the  cost  of  labor  for  drilling,  power, 
supplies,  upkeep  of  machines  and  air  lines,  tool  sharpening,  and  distribu- 
tion, amounted  to  33  per  cent,  of  total  mining  expense.  To  do  this  work 
there  are  in  commission  43  No.  12A,  three  No.  17V  and  eight  No.  16V 
Waugh  stopers,  three  Jackhamers,  two  Waugh  pluggers,  and  17  No.  8 
and  two  No.  7  water  Leyners. 

For  the  past  three  years  a  record  has  been  kept  of  the  repairs  on  each 
machine  and  number  of  shifts  operated  by  it.  The  figures  given  in 
Tables  I  and  II  for  the  cost  of  repairs  per  drill  shift  have  been  taken  from 
this  record.  The  underground  air  pressure  is  about  90  lb.  The  air 
consumption  per  drill  shift  was  measured  by  aerometers.  The  leakage 
of  pipe  lines  between  compressor  and  meter  is  not  included.  From  the 
number  of  pieces  of  steel  sharpened  for  each  type  of  drill  during  the  year 
the  average  used  per  drill  shift  has  been  ascertained.  For  other  supplies 
the  figures  given  represent  a  year's  average. 
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Table  I. — Cost  per  drill  shift  for  Water  Leyner  No,  8 


Item 

Labor  of  drilling. 
Maintenance, 

Labor 

Supplies 

Power 


Description  of  Unit 


S-hr.  shift. 


No.  of 

Units 
Used  per 
Drill  Shift 
1 


Price 
per 
Unit 


Cost  for 

Item  per 

Drill  Shift 


Supplies, 
Lubricants. 
Hose 


Drill  steel 

Labor  sharpening  and  re- 
pairs   

Labor  distribution 

Steel  consumed 

Power  for  sharpener. . 


I  1,000  cu.  ft.  of  free  air  1 
^    compressed  to  100  lb.  J 

Quarts  of  *'Red  Engine" 

[  Feet    of    1    in.    6-ply  ] 

wire-wound  > 

i-in.  5-ply  wire-wound  J 

Pieces  used 


Oil  for  forge 

Upkeep  of  air  pipe . 
Total 


■( 


Pounds 

1,000  cu.   ft.   free  au* 
compressed  to  100  lb 
Bbl.  of  42gal... 


t] 


15 


0.66 
0.12 

0.12 
16.75 


2.66 

5.00 
0.12 


$3.25  $3.25 

0.]0 

0-62 

0.0275  0.41 


0.07 
0.33 

0.19 


0.125 


0.05 
0.04 

0.025 


1.12 
0.35 
0.33 


0.0276  0.15 

1.80  0.21 

^.^.^  0^9 

$6.75 


Table  II.— Cost  per  Drill  Shift  for  Waugh  12A 


Item 

Labor  of  drilling. 
Maintenance, 

Labor 

Supplies 

Power 


Description  of  Unit 


8-hr.  shift. 


No.  of 

Units 

Used  per 

DriU  Shift 

.     1 


Price 
per 
Unit 


Cost  for 
Item  per 
Drill  Shift 


$3.00        $3.00 


Supplies, 
Lubricants. 
Hose 


000  cu.  ft.  of  free  air 
compressed  to  100  lb 


:} 


17 


0.10 

0.37 

0.0275      0.47 


Drill  steel 

Labor  sharpening  and 

repairs 

Labor  distribution 

Steel  consumed 

Power  for  sharpener 


Quarts  "  Red  Engine  "oil  0 .  33 

Feet  i-in.  5-ply  wire-  0.12 

wound. 

Pieces  used lO 


0.07 
0.27 


Oil  for  sharpener... 

Upkeep  of  air  pipe . 

Total 


Pounds 

/  1,000  cu.  ft.   free   au* 
\    compressed  to  100  lb 

Bbl.  of  42  gal.... 


'} 


0.065 
0.0275 


0.034        1.80 


0.02 
0.03 


0.30 
0.21 
0.14 
0.04 

0.06 
0.09 

$4.83 
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The  16V  and  the  17V  Waugh  drills  cost  10c.  less  for  maintenance 
supplies,  but  require  15  pieces  of  steel  per  shift  instead  of  10,  which  leaves 
the  cost  about  equal. 

As  already  stated,  the  drilling  at  this  mine  is  one-third  of  the  cost  of 
delivering  ore  at  the  mill.  The  importance  of  selecting  a  suitable  drill 
for  the  work  and  keeping  it  in  its  highest  state  of  efficiency  is  obvious. 
At  first,  time  was  wasted  and  trouble  experienced  in  testing  underground 
drills  which  were  unsuitable.  Drills  which  sounded  all  right  when  run 
in  the  repair  shop  failed  to  work  satisfactorily  underground. 


Fia.  1. — Patnteb's  Rock-Drill  Testing  Machine. 

There  was  need  for  some  reliable  testing  machine  to  overcome  the 
difficulties.  W.  D.  Paynter,  who  was  responsible  for  keeping  drills  in 
repair,  after  experimenting  for  some  time,  perfected  a  testing  machine, 
which  he  has  patented.  This  machine  has  been  described  in  detail  else- 
where.^ Briefly  it  consists  of  a. device  whereby  the  blow  of  the  drill 
delivered  against  a  plunger  is  measured  by  the  distension  of  a  diaphragm, 
oil  being  the  medium  of  transmission.  By  means  of  a  lever  arm,  the  move- 
ment of  the  diaphragm  is  amplified.  A  pencil  on  the  end  of  the  lever, 
marking  a  piece  of  paper  on  a  revolving  drum,  gives  a  graph  of  the  work 
done  by  the  drill  over  a  given  period  of  time  (Fig.  1). 

In  Figs.  2  and  3  are  given  cards  taken  from  dififerent  types  of  drills. 
A  is  the  base  line,  line  B  represents  the  feed-barrel  pressure  in  the  case 
of  an  air -feed  stoper.  The  length  of  the  line  AC  is  a  measure  of  the 
energy  transmitted  through  the  drill  steel  to  the  plunger.  The  graph 
covers  a  period  of  5  sec.  The  number  of  peaks,  C,  multiplied  by  12,  there- 
fore, gives  the  blows  per  minutet  To  express  the  energy  of  the  blow  in 
foot-pounds,  the  tester  was  calibrated  by  allowing  a  sphere  of  known 

*  Mining  and  Scientific  Press,  vol.  cvii,  No.  6,  p.  179  (Aug.  2,  1913);  Engineering 
and  Mining  Journal,  vol.  xcvi,  No.  18,  p.  829  (Nov.  1,  1913). 
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weight,  suspended  as  a  pendulum,  to  fall  through  measured  distances 
against  the  plunger.  The  distensions  of  the  diaphragm  corresponding 
to  these  blows  were  noted.  By  forcing  oil  into  the  system  with  an 
attached  pump,  the  diaphragm  was  distended  to  each  of  these  points  in 
turn,  and  the  static  pressure  corresponding  to  each  was  read  on  the  gauge. 
A  curve  was  then  constructed  with  foot-pounds  as  absciss®  and  pounds 
static  pressure  as  ordinates.     The  strength  of  any  blow,  recorded  on 


1«000 


1.200  1,800 

BLOWS  PER  MINUTE 


1.600 


l,d00 


Fig.  4. — CimvE  Showinq  Influence  of  Gauge  Pressuke  upon  Blows 

Per  Minute. 


the  graph  as  the  line  AC,  may  be  measured  by  pumping  oil  into  the  sys- 
tem until  the  distension  of  the  diaphragm  moves  the  pencil  out  to  point 
C.  The  pressure  in  the  system  at  this  point  is  read  on  the  gauge.  The 
foot-pounds  corresponding  to  this  can  then  be  read  directly  from  the  curve. 
Since  the  areas  of  the  plunger  and  of  the  diaphragm  do  not  change,  equal 
blows  will  produce  the  same  pressure,  even  though  permanent  straining 
of  the  diaphragm  may  result  in  their  producing  unequal  distensions. 
Errors  which  might  be  caused  by  these  inequalities  of  distensions  are 
avoided  by  thus  expressing  strength  of  blow  in  terms  of  equivalent  static 
pressure  instead  of  magnitude  of  distension. 
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The  general  method  of  testing  a  drill  consists  in  first  obtaining  graphs 
in  the  shop  and  then  the  drilling  speed  underground.  Having  passed 
the  first  test,  the  drill  is  used  in  the  mine,  a  record  being  kept  for  several 
months  of  the  footage  drilled.  Graphs  taken  from  time  to  time  show 
whether  or  not  the  drill  is  deteriorating,  while  the  card  record  of  repairs 
gives  the  cost  of  its  upkeep.  Drills  sent  to  the  shop  for  repairs  are  not 
returned  to  the  mine  until  they  show  on  the  tester  a  satisfactory  graph. 

From  the  graphs  taken  by  testing  a  drill  at  different  gauge  pressures, 
characteristic  curves  may  be  constructed,  as  shown  in  Figs.  4  and  5. 
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Fig.  5. — Curve  Showing  Influence  of  Gauge  Prebsubb  upon 
Strength  of  Blow. 


Below  are  given  the  results  of  tests  made  to  determine,  if  possible, 
the  relation  existing  between  drilling  speed,  blows  per  minute,  and  foot- 
pounds per  blow. 

Table  III  compares  (a)  three  drills  striking  a  hard  blow,  (6)  two  drills 
striking  a  medium  blow.  These  were  tested  in  very  hard  ground  with 
holes  at  an  inclination  of  25°,  1 J  in.  cross  steel  with  2J  and  2  in.  bits  being 
used;  conditions,  however,  were  kept  the  same  for  each  test,  which  lasted 
5  min. 


Digitized  by 


Google 


TESTS  OF  ROCK  DBILLS  AT  NORTH  STAB  MINE,  CAUFORNIA      1813 
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Table  III 

FootrPoiinds 

Blows  per  Minute 

Drilling  Speed 
Feet  per  Minute 

53 

936 

0.126 

52 

1,320 

0.165 

55 

1,584 

0.250 

Blows  per  Minute 

(c)  1,272 

1,222 
1,200 
1,170 
1,090 


(5)  40  1,260  0.108 

42  2,352  0.195 

These  results  indicate  that  drilling  speed  varies  approximately  with 
the  blows  per  minute,  the  strength  of  the  blow  remaining  constant. 

Table  IV  compares  drilling  speed  with  varying  strengths  of  blows. 
The  conditions  of  test  were:  Ground  only  medium  hard;  length  of  each 
test  5  min.;  IJ-in.  cross  steel  with  2-in.  bit;  holes  at  an  inclination  of  46®; 
drill  used,  air-feed  stoper. 

Table  IV 
Foot-Pounds  per       Feet  Drilled  per 
Blow  Minute 

48i  0.378 

43  0.447 

38}  0.308 

34i  0.250 

30}  0.188 

A  test  under  the  same  conditions  as  in  (c),  except  that  the  inclination 
of  the  holes  was  20**,  gave  the  results  shown  in  Table  V. 

Table  V 

Blows  per  Foot-Pounds  Feet  Drilled 

Minute  per  Blow  per  Minute 

(d)    1,272  48i                             0.251 

1,222  43                                0.206 

1,200  38i                              0.198 

1,170  34i                             0.135 

A  test  (c)  was  made  under  the  following  conditions:  Ground  hard; 
length  of  each  test  5  min.;  drill  used,  No.  8  water  Leyner;  IJ-in.  hollow 
steel  with  2J-in.  bit;  holes  nearly  horizontal.  In  this  test  varying 
strengths  of  blow  were  obtained  by  means  of  stops  of  different  lengths 
screwed  into  the  ends  of  the  valve  chest. 

Table  VI 

Foot  Pounds  Feet  Drilled 

per  Blow    •  per  Minute 

40  0.162 

45  0.234 

52  0.119 

65  0.129 
(1)  for  confirmation: 

40  0.135 

45  0.224 

52  0.183 

65  0.195 


Blows  per 
Minute 
(«)  (1)   1,368 
1,272 
1,260 
1,212 
Repetition  of  test 
(2)  1,368 
1,272 
1,260 
1,212 
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As  already  stated,  Table  III  indicates  that  for  blows  of  equal  strength 
the  drilling  speed  is  approximately  proportional  to  the  number  of  blows, 
even  when  these  differ  as  much  as  40  per  cent.  In  constructing  the  follow- 
ing curves  from  Tables  IV,  V  and  VI,  where  the  maximum  variation  in 
the  number  of  blows  is  15  per  cent.,  the  drilling  speed  has  been  arbitrarily 
adjusted  according  to  the  results  obtained  from  Table  III,  so  that  the 
effects  of  the  strengths  of  blow  may  be  comparable. 

These  curves  all  show  the  same  tendency  to  flatten  at  above  a  certain 
strength  of  blow,  which  in  this  ground  happens  to  be  about  45  ft-lb.  It 
will  be  noticed  that  the  curves  for  the  Leyner  and  for  the  stoper  at  45® 
inclination  are  almost  exactly  similar.     This  is  thought  due  to  the  fact 
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Fia.  6. — Curves  Showing  Inpluence  op  Strength  op  Blow  on- Drilling  Speed 

j^ (Air-Feed  Stoper). 


that  in  each  case  the  face  of  the  hole  is  clear  of  cuttings.  In  the  cases 
of  the  flat  holes,  which  do  not  clear  themselves,  the  drilling  speed  is  not 
only  lower,  but  does  not  show  the  same  peak.  This  suggests  that  where 
holes  can  be  cleared  of  cuttings  a  46  ft-lb.  blow  is  suflScient  to  obtain  the 
fastest  drilling,  whereas  in  holes  where  the  deadening  effect  of  cuttings 
exists  the  limit  of  effective  blow  is  higher.  This  also  emphasizes  the 
desirability  of  a  stoper  with  water  feed  to  the  face  of  the  hole. 

From  these  tests,  and  othens  giving  similar  results,  it  has  been  decided 
that  for  conditions  existing  at  this  mine,  stoping  drills  should  strike  a 
minimum  of  40  ft-lb.  As  none  of  these  drills  has  yet  been  found  that 
strikes  over  55,  it  remains  solely  a  question  of  maintenance  to  keep  them 
at  this  point.  The  Leyner,  with  blows  as  high  as  65  ft-lb.,  presents  a 
different  problem.  In  this  type  the  valve  was  so  adjusted,  by  m(}aiis  of 
standard  plugs  screwed  into  the  ends  of  the  valve  chest,  as  to  jjive  at 
average  gauge  pressure  blows  in  the   neighborhood  of  45   ft-lb^     It  is 
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hoped  that  this  reduction  in  strength  of  blow  will  result  in  lessened 
breakage  of  steel,  decreased  repair  costs,  and  maximum  drilling  speed. 
The  adjustment  has  not  been  in  use  long  enough  to  give  any  figures  on  the 
first  two  points. 

The  eflfect  of  setting  the  minimum  strength  of  blow  in  the  stoping 
drills  at  40  ft-lb.  has  been  to  increase  the  breakage  of  steel  by  1  lb.  per 
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Fig.  7. — Cubvb  Showing  Influence  of  Strength  of  Blow  upon  Drilling 
Speed  of  Water  Letner  No.  8. 

drill  shift,  and  the  cost  of  repairs  by  27c.  per  drill  shift.  The  footage 
drilled,  however,  has  been  increased  15  per  cent.,  reducing  the  cost  per 
foot  of  hole  drilled  from  20.3  to  ISJc.  The  output  per  drill  shift  has 
increased  10  per  cent,  during  the  same  period,  but  this  figure  is  compli- 
cated by  the  width  of  stope  broken,  and  is  therefore  not  quite  comparable. 
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Fig.  8. — Curve  Showing  Influence  of  Gauge  Pressure  on  Drilling  Speed. 


In  the  case  of  the  Leyner  drill,  the  cost  for  sharpening,  breakage,  and 
repairs  makes  a  high  cost  per  drill  shift.  Comparison  with  a  type  of 
machine  in  which  these  items  are  low  is  valuable,  as  it  proves  that  the 
expense  is  justifiable.  A  5  by  7  ft.  drift  in  this  mine  requires  11  holes, 
aggregating  43  ft.,  to  break  a  round.  A  2 J -in.  reciprocating  drill,  striking 
40  to  50  ft-lb.  blows,  600  to  800  times  a  minute,  used  to  require  two  drill 
shifts  for  drilling  the  round,  at  a  cost  of  $4.45  per  drill  shift,  or  20|c. 
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per  foot  of  hole.  The  Leyner  does  this  in  one  drill  shift  for  15ic.  per  foot 
of  hole. 

The  use  of  the  tester  in  the  shop  has  greatly  facilitated  repairs,  as 
any  abnormal  action  in  the  drill  is  disclosed  at  once.  Experiments  have 
demonstrated  several  points.  Among  these  may  be  mentioned  the  effect 
of  feed-barrel  pressure.  If  the  feed-barrel  packing  is  slightly  defective, 
the  drill  does  not  hold  against  the  ground  hard  enough,  causing  as  much 
as  30  per  cent,  decrease  in  drilling  speed.  In  the  16V  stopers,  wear  in  the 
barrel  bushing  after  about  250  drill  shifts  causes  cushioning  due  to  leakage 
of  air,  with  reduction  in  the  strength  of  blow,  amounting  to  as  much  as 
20  per  cent.  In  the  17V  type,  at  pressures  below  85  lb.  per  square  inch, 
the  strength  of  blow  drops  very  rapidly.  Plugging  some  of  the  exhaust 
ports  causes  the  strength  of  blow  to  decrease  less  rapidly.  This  makes 
the  drill  more  effective  at  low  pressures. 

Examination  of  Table  IV  shows  the  decrease  in  drilling  speed  that 
may  be  expected  with  a  stoper  striking  30  ft-lb.,  as  compared  with  45  ft- 
Ib.  On  this  point  it  may  be  stated  that  many  confirmatory  tests  have 
been  made.  Unless  the  drills  are  maintained  at  their  best,  the  strength 
of  blow  drops  rapidly  (sometimes  after  100  drill  shifts),  with  resulting 
decrease  in  drilling  speed.  The  cost  per  drill  shift,  however,  remains 
practically  the  same.  It  is  obvious  what  the  result  will  be.  Weston 
has  stated  in  his  book,  Rock  Drills j  "K  the  whole  system  from  compressor 
to  drill  is  not  maintained  at  the  highest  point  of  efficiency,  the  neglect 
will  surely  reveal  itself  in  high  mining  cost." 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Salt  Lake  meeting,  August,  1014,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York/N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  specisl  arrangement  is  made,  the  discussion  of  this  paper. will  close  Oct.  1,  1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Treatment  of  Copper  Ore  by  Leaching  Methods 

BY  W.  L.  AUSTIN,  mVERSIDE,  CAL. 
(Salt  Lake  Meeting,  August,  1914) 

The  advance  made  in  recent  times  in  this  branch  of  metallurgy  is 
indicated  by  the  attention  the  subject  is  receiving  from  important  Ameri- 
can copper-produciiig  companies.  Reference  to  the  files  of  publications 
devoted  to  the  mining  industry  discloses  that  some  20  American  companies 
are  actively  investigating  the  amenability  of  their  ore,  or  other  material, 
to  leaching  methods,  and  that  plants  of  varying  capacities  up  to  10,000 
tons  per  day  are  under  construction  or  are  projected.  Several  leaching 
works  are  in  commercial  operation. 

It  has  been  frequently  pointed  out  that  no  method  of  leaching  is 
universally  applicable,  for  the  reason  that  each  ore  differs  in  some  par- 
ticular from  apparently  similar  ore  found  elsewhere,  and  also  because 
local  conditions  are  rarely  the  same  even  where  the  ore  closely  approxi- 
mates in  character  that  being  worked  at  some  other  point.  For  this 
reason  the  older  companies  are  approaching  the  matter  in  a  conservative 
manner,  experimentally  determining  for  themselves  the  salient  features 
in  each  instance. 

In  considering  a  leaching  proposition  thr^e  factors  at  once  fix  the 
attention:  (1)  disengaging  the  mental  from  mineralized  forms  in  which  it 
is  found  in  nature;  (2)  recovering  the  metal  in  a  commercial  state  after 
it  has  been  dissolved;  (3)  the  apparatus  best  adapted  to  carrying  out  the 
several  operations. 

Bringing  the  Metal  into  Solution 

This  feature  has  been  found  to  present  no  serious  diflSculties.  Nu- 
merous solvents  for  copper  are  Icnown,  and  it  has  been  repeatedly  demon- 
strated on  a  commercial  scale  that  from  80  to  90  per  cent,  of  the  metal 
contained  in  an  ore  can  be  rapidly  brought  into  solution.  It  is  interest- 
ing to  note,  however,  that  all  of  the  companies  above  referred  to  have 
selected  sulphuric  acid  as  the  basis  for  a  lixiviant.  Where  oxidized  ore 
practically  free  from  precious  metals  is  treated  simple  leaching  with 
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sulphuric  acid  has  been  adopted  in  every  case  reported,  less  than  an  hour 
sufficing  for  the  operation  under  favorable  conditions. 

When  the  copper  to  be  extracted  is  found  mineralized  as  a  sulphide 
the  use  of  sulphuric  acid  as  lixiviant  necessitates  breaking  up  the  sulphur 
combinations  by  roasting  in  order  that  the  metal  can  be  brought  into 
soluble  form.  This  operation,  however,  instead  of  being  a  drawback, 
presents  advantages.  The  expense  of  roasting  is  light,  for  it  is  very 
eflfectively  and  cheaply  carried  out  in  modem  mechanical  furnaces,  and 
the  lixiviant  itself  is  thereby  obtained  with  which  the  copper  is  subse- 
quently removed  from  associated  gangue.  In  some  cases  it  has  been 
found  that  the  addition  of  a  little  salt  at  certain  stages  in  the  roasting 
assists  in  bringing  copper  into  solution  and  facilitates  the  extraction  of 
any  silver  present. 

The  degree  of  comminution  necessary  in  order  to  obtain  a  high  extrac- 
tion depends  upon  the  mineralogical  and  physical  characteristics  of  the 
ore.  In  the  case  of  a  sulphide  requiring  a  preliminary  roast,  reduction 
to  16  mesh  has  usually  been  found  sufficient.  Where  an  oxidized  ore 
is  concerned,  as  the  copper  minerals  for  the  most  part  lie  along  fracture 
planes  in  the  matrix,  comminution  to  J  in.,  or  even  i  in.,  often  exposes 
the  cupriferous  portion  sufficiently  to  permit  satisfactory  extraction. 

If  time  is  an  element  of  importance,  as  in  the  case  of  small  mines  where  it 
is  not  desirable  to  have  considerable  capital  tied  up  in  ore  undergoing 
treatment,  or  where  a  high  percentage  of  extraction  is  essential,  fine 
grinding  accompanied  by  agitation  may  sometimes  be  advantageous;  but 
the  benefits  accruing  from  fine  comminution  disappear  where  large  de- 
posits'of  low-grade  ore  are  handled.  Naturally,  the  finer  the  grain,  the 
more  readily  the  acid  solution  attacks  copper  minerals,  and  the  less  time 
is  required  to  bring  the  metal  into  solution.  Then  the  question  arises 
whether  or  not  it  is  more  economical  to  crush  to  J  in.  and  leach  in  large 
vats  by  percolation,  or  whether  the  ore  should  be  reduced  to  16  mesh,  or 
finer,  and  subjected  to  agitation. 

For  instance,  a  certain  ore  when  crushed  to  i  in.  was  found  to  yield 
70  per  cent,  of  its  contained  copper  in  three  days  by  the  use  of  weak  acid 
solution.  The  same  ore  crushed  to  16  mesh  permitted  85  per  cent,  ex- 
traction in  4  hr.,  using  a  much  stronger  acid  lixiviant.  With  a  2  per  cent, 
ore  this  means  a  saving  of  6  lb.  copper  per  ton  of  ore  treated,  together  with 
economy  in  time.  Offsetting  these  advantages  are:  greater  first  cost  of 
crushing  and  agitating  machinery;  higher  maintenance  charges  on  plant; 
and  difficulty  in  washing  the  finer  tailings.  Almost  any  ore  may  be 
treated  by  percolation  when  properly  prepared.  It  has  been  frequently- 
noted  by  metallurgical  writers  that  solutions  will  percolate  more  freely- 
through  a  roasted  ore  than  through  one  treated  in  its  natural  state. 

Agitation  of  course  brings  copper  more  quickly  into  solution  than  per- 
colation, and  one  advantage  of  this  rapid  action  is  that  sulphuric  acid 


Digitized  by 


Google 


THE  TREATMENT  OF  COPPER  ORB  BT  LEACHING  METHODS       1819 

solutions  manifest  a  selective  action,  attacking  oxidized  copper  minerals 
before  the  iron  and  alumina  content  of  an  ore.  Hence,  in  leaching  by 
agitation  the  resultant  lixivium  is  apt  to  be  less  contaminated  by  these 
elements  than  where  percolation  is  applied.  This  is  of  importance  when 
copper  is  to  be  subsequently  removed  from  leach  liquors  by  electrolysis, 
using  cells  based  upon  copper-refinery  practice.  It  is  not  so  important 
when  depolarizers  and  moving  electrodes  are  employed. 

Many  oxidized  copper  ore  bodies  occur  in  what  are  known  as  contact- 
metamorphic  deposits,  the  gangue  of  which  is  largely  composed  of  garnet 
and  associated  minerals,  wollastonite,  vesuvianite,  epidt)te,  etc.  Analyses 
of  such  ore  disclose  large  amounts  of  calcium  oxide,  which  may  lead  to 
erroneous  assumptions  and  possible  rejection  of  leaching  processes  as 
unsuitable  in  such  cases.  The  facts  are,  however,  that  these  calcareous 
minerals  are  not  attacked  by  weak  acid  lixiviants  in  the  length  of  time 
necessary  to^  extract  the  associated  copper.  It  is  not  always  safe  to  base 
a  verdict  upon  the  evidence  of  analyses  alone  when  considering  the 
appropriateness  of  this  or  that  method  of  reduction. 

When  leaching  with  sulphuric  acid  lixiviants,  and  if  the  ore  contains 
no  sulphides  or  sulphates,  the  acid  cost  may  constitute  a  preponderating 
proportion  of  the  expense,  and  a  source  of  cheap  acid  becomes  a  vital 
factor.  On  low-grade  ore  treated  in  the  raw  state  the  consumption  of 
acid  varies  between  2  and  4  lb.  per  pound  of  copper  produced,  and  when 
this  reagent  costs  $0,014  per  pound  the  outlay  for  this  item  alone  may 
equal  one-third  of  the  total  cost  of  the  operation.  This  expense  may  be 
greatly  reduced,  or  even  wholly  removed,  when  sulphides  are  available, 
for  by  roasting  the  latter  and  passing  the  gases  containing  sulphur  dioxide 
into  electrolyzing  cells  the  amount  of  current  required  to  deposit  copper 
is  reduced  and  an  excess  of  acid  accumulates  for  use  in  leaching  new 
batches  of  ore.  With  the  exercise  of  some  ingenuity  sulphur  dioxide 
may  be  applied  in  this  manner  without  delaying  the  operation  and  without 
causing  annoyance  to  those  working  around  electrolytic  cells. 

In  leaching  roasted  mill  tailings  the  consumption  of  acid  appears  to  be 
small — about  50  lb.  acid  per  ton  of  tailings  handled — even  with  very  fine 
material.  This  illustrates  the  benefit  derived  from  roasting  substances 
containing  colloids,  such  as  mill  slimes,  when  the  copper  is  to  be  sub- 
sequently extracted  by  lixiviation.  Roasted  porphyritic  ore  also  re- 
quires very  little  iacid,  partly  because  aluminous  colloid  compounds  are 
dehydrated  in  the  process,  and  partly  because  such  ore  contains  few  in- 
gredients soluble  in  the  strength  of  solutions  employed. 

Referring  again  to  the  fouling  of  liquors  made  use  of  in  cyclic  leaching, 
experimental  data  recently  published,  as  well  as  unpublished,  indicate 
that  the  matter  is  not  as  serious  as  was  formerly  thought.  In  one  instance 
where  considerable  quantities  of  ore  containing  large  amounts  of  lime  and 
soluble  iron  were  treated  experimentally  with  copper  sulphate  solutions. 
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ferrous  sulphate  was  present  in  such  quantities  that  it  crystallized  in  the 
pumps  and  pipe  lines,  at  times  completely  stopping  the  flow,  and  yet  the 
results  were  considered  satisfactory;  that  is,  in  a  series  of  six  tests  1,082 
lb.  of  copper  are  said  to  have  been  deposited,  under  conditions  mentioned, 
with  an  expenditure  of  1.5  kw-hr.  per  pound  of  copper.  All  of  these 
tests  except  one  were  made  without  use  of  a  diaphragm.  The  experiments 
were  carried  out  at  the  Greenawalt  ore-testing  plant  in  Denver. 

The  height  of  ore  column  permissible  in  percolation  has  been  the  sub- 
ject of  much  investigation.  Gametiferous  ore  crushed  to  i  in.  percolates 
freely,  even  when  the  coarser  material  is  mixed  with  much  fine.  An  ore 
which  contains  such  a  proportion  of  fines  that  solutions  will  not  pass 
through  it  when  crushed  to  J  in.  and  thrown  into  a  vat,  can  be  rendered 
permeable  by  dampening  and  thoroughly  mixing  before  charging.  By 
this  operation  the  finer  particles  are  made  to  adhere  to  the  coarser,  and  do 
not  collect  in  impervious  layers,  which  is  apt  to  occur  when  the  material 
is  charged  in  a  dry  condition. 

It  has  been  found  when  leaching  an  ore  carrying  large  amounts  of  lime 
andiron  that  when  the  lixiviant  becomes  weak  in  acid,  basic  iron  salts  and 
gypsum  separate  and  clog  the  interstices  between  the  ore  grains,  causing 
the  flow  to  cease.  This  does  not  take  place  when  suflScient  acid  is  present 
to  retain  iron  salts  in  solution.  With  proper  precautions  an  ore  column 
of  average  oxidized  copper  ore  10  ft.  or  more  in  height  can  be  percolated 
without  diflSculty;  in  one  recently  described  ore-leaching  plant  the  per- 
colation vats  are  being  built  16  ft.  high. 

Heating  the  lixiviant,  of  course,  always  renders  it  more  active,  but  this 
is  not  always  desirable  in  copper-ore  leaching  using  sulphuric  acid,  be- 
cause under  such  conditions  combinations  of  elements  other  than  those 
of  copper  are  attacked  and  their  bases  are  brought  into  solution.  It  is 
seldom  found  necessary  to  heat  the  liquors  in  leaching  proper,  the  strength 
of  acid  lixiviant  used  being  suflScient  to  effect  solution  of  the  copper  at 
ordinary  temperatures. 

Most  ores  amenable  to  the  leaching  process  carry  such  small  quantities 
of  the  precious  metals  that  they  can  be  neglected.  Where  gold  and  silver 
are  present  in  amounts  suflScient  to  warrant  their  extraction,  they  are 
either  converted  into  chlorides  in  the  roasting  furnace  and  afterward 
dissolved  in  brine,  or  other  solvents,  from  which  solutions  they  may  be 
removed  by  any  one  of  several  well-known  methods,  or  else  they  may  be 
recovered  from  the  residues  in  separate  operations  after  the  copper  has 
been  taken  out  by  acid  lixiviation. 

Recovering  the  Metal  from  Leach  Liquors 

There  have  been  many  processes  brought  out  for  removing  copper  from 
solutions  containing  that  metal,  and  some  of  these  may  find  application  in 
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special  cases,  but  there  are  only  two  which  have  met  with  extended  com- 
mercial use — ^precipitation  by  means  of  metallic  iron,  and  deposition  by 
the  electric  current.  The  first  mentioned  still  has  its  advocates,  but 
electrolysis  is  meeting  with  more  and  more  favor  as  that  method  becomes 
better  understood  by  men  in  the  field,  although  the  apparatus  now  in  use 
is  still  poorly  adapted  to  the  purpose. 

At  the  present  time  the  practice  so  long  in  use  at  electrolytic  copper 
refineries  is  being  closely  followed,  but  it  is  doubtful  whether  these  meth- 
ods of  procedure  are  best  suited  to  the  requirements  of  ore  leaching  The 
necessity  for  improvement  becomes  obvious  when  the  conditions  in  an 
electrolyi;ic  cell  employed  in  removing  copper  from  an  ore  lixivium  are 
closely  studied.  In  copper  refining  the  bath  is  kept  fairly  constant  with 
regard  to  copper  content  and  free  acid  present,  fresh  metal  being  taken 
up  from  the  anodes  as  fast  as  that  in  the  electrolyte  is  deposited  upon  the 
cathodes.  In  ore  leaching,  on  the  other  hand,  copper  is  being  constantly 
removed  from  the  electrolyte,  and  the  latter  has  to  be  returned  to  the 
ore  for  a  fresh  supply.  It  is  manifest,  therefore,  that  conditions  differ 
essentially  in  the  two  operations  and  the  premises  seem  to  call  for  modifi- 
cations of  the  apparatus  used. 

In  treating  an  ore  lixivium,  at  the  electrode  where  current  enters  the 
bath  an  acid  radical  (SO4)  is  being  constantly  disengaged  which  decom- 
poses water  and  combines  with  the  hydrogen  set  free  to  produce  H2SO4. 
This  reaction  is  made  apparent  by  the  formation  of  oxygen  bubbles  on 
the  anode;  if  these  are  not  in  evidence  it  is  because  the  gas  is  entering  into 
combination  with  some  salt  or  element  present  in  the  electrolyte,  a  feature 
usually,  though  not  always,  detrimental  to  the  process.  Nascent  oxygen 
produced  in  this  way  may  attack  the  material  of  which  the  anodes  are 
composed,  wasting  them,  or  it  may  oxidize  ferrous  salts  in  the  electrolyte 
to  ferric,  thereby  bringing  into  action  a  solvent  which  corrodes  the  copper 
being  deposited  on  the  cathodes.  Ferric  salts  are  then  being  formed  at 
the  anodes  and  reduced  to  ferrous  at  the  cathodes,  wastef ully  consuming 
electric  current.  Or  anions  and  cathions  liberated  at  their  respective 
poles  may  set  up  counter  currents  working  in  opposition  to  the  main 
current.  To  overcome  complications  introduced  by  formation  of  ferric 
salts  attempts  have  been  made  to  keep  the  anolyte  separated  from  the 
catholyte  by  means  of  diaphragms,  but  this  recourse  has  not  met  with 
much  success  in  commercial  operations. 

It  is  therefore  evident  that  in  electrolysis  of  copper  lixiviums  there  is 
urgent  need  of  a  cell  in  which  oxygen  forming  at  the  anodes  may  either  be 
removed  as  fast  as  produced,  or  rendered  innocuous  by  chemical  combina- 
tion, operations  to  which  the  type  of  electrolytic  bath  found  to  meet  the 
requirements  of  copper  refiners  does  not  readily  lend  itself.  Ingenious 
forms  of  apparatus  have  been  devised  by  means  of  which  the  liberated 
gases  are  shfiCken  from  the  electrodes  as  fast  as  set  free,  and  corrosion  of 
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lead  anodes  is  said  to  be  thereby  reduced  to  about  10c.  per  ton  of  copper 
deposited.  This  is  an  advance  in  the  right  direction,  but  in  such  cells 
impoverishment  of  the  electrolyte  at  the  cathode  still  assumes  adverse 
proportions,  and  solutions  have  to  be  returned  to  the  leaching  depart- 
ment with  copper  content  only  slightly  reduced. 

In  electrolysis,  economy  is  effected  by  facilitating  the  supply  of  cath- 
ions  to  the  negative  electrode  so  as  to  avoid  as  far  as  possible  waste  of 
current  in  doing  work  other  than  that  desired.  If  left  to  the  magnetic 
attraction  of  the  electrodes  alone  the  movement  is  too  slow  to  prevent 
impoverishment  and  its  attendant  evils,  at  least  in  conamerciaJ  electrolysis 
of  ore  lixiviums. 

Circulation  of. the  electrolyte  is  the  means  usually  taken  for  supplying 
necessary  copper  ions  to  the  cathodes;  the  more  rapid  the  movement,  the 
more  eflScient  the  supply.  Also,  adhesion  of  oxygen  bubbles  to  the  anodes 
is  lessened  by  a  current  of  electrolyte  impinging  against  them.  Circular 
tion  alone,  however,  does  not  go  far  enough,  as  is  apparent  from  the  fact 
that  only  comparatively  rich  copper  lixiviums  can  be  treated  in  the  com- 
mon type  of  electric  refining  cells,  and  that  the  liquors  must  be  returned 
to  the  ore-leaching  department  in  some  instances  when  only  about  one- 
fifth  of  the  copper  content  has  been  removed.  This  method  of  operation 
calls  for  continuous  pumping  of  liquors,  which  serves  no  useful  purpose 
other  than  taking  up  a  small  amount  of  copper  in  one  department  and 
depositing  it  in  another,  both  operations  being  incomplete.  More  of  the 
copper  than  was  just  stated  may  under  favorable  circumstances  be 
removed  from  a  rich  lixivium  in  a  refiner's  cell,  but  only  by  applying  a  low 
current  density,  which  means  a  large  plant  for  a  given  production.  For 
example,  an  electrolyte  may  be  reduced  from  5  to  IJ  per  cent,  or  less,  but 
the  first  cost  of  such  a  plant  will  be  large.  The  desideratum  is  a  cell  which 
will  rapidly  deplete  a  IJ  per  cent,  electrolyte  to  about  0.3  to  0.4  per  cent, 
with  the  same  energy  efficiency  as  in  the  former  case,  turning  out  at  the 
same  time  a  high-grade  metal. 

Experimental  data  on  a  fairly  large  scale  have  been  obtained  through 
application  of  the  two  factors — moving  electrodes  and  depolarizing 
agents — which  give  a  hopeful  aspect  to  the  solution  of  the  problem 
involved.  It  is  practical  to  get  rapid  deposition  of  metal  of  excellent 
quality  from  impure  lixivium,  but  at  the  expense  of  power.  However, 
considered  from  the  commercial  standpoint,  results  ranging  from  1.2  to 
2.3  kw-hr.  per  poimd  of  copper  deposited  are  encouraging.  Energy 
efficiency  must,  of  course,  always  be  taken  into  account  in  addition  to 
current  efficiency  when  the  respective  merits  of  different  cell  types  are 
considered,  but  first  cost  and  speed  are  also  commercial  factors;  the 
greater  the  current  density,  the  less  the  size  of  electrolytic  plant. 

Deposition  of  metal  on  cathodes  is  afiFected  by  current  density 
perhaps  as  much  as  by  any  other  factor.     This  is  the  same  as  saying  that 
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depoeition  is  in  a  large  measure  dependent  upon  the  amount  of  copper 
carried  by  the  electrolyte,  or  which  can  be  brought  into  contact  with  the 
cathodes  in  a  given  unit  of  time,  for  current  density  must  be  progres- 
sively reduced  as  the  electrolyte  is  depleted  of  its  copper  if  pulverulent 
precipitation  is  to  be  avoided.  A  firm  deposit  of  copper  may  be  obtained 
at  current  densities  running  into  thousands  of  amperes  per  square  foot, 
provided  impoverishment  of  the  liquors  immediately  adjacent  to  the 
cathodes  is  prevented.  Arborescent  accretions  also  are  markedly  absent 
when  circulation  is  properly  adjusted  to  current  density. 

There  are  other  well-known  causes  which  bring  about  disturbances 
during  dectrdysis,  but  if  copper  ions  are  supplied  to  the  cathode  as  fast 
as  needed,  thereby  focusing  the  current  on  the  work  desired  of  it,  irregu- 
larities disappear.  Whatever  the  origia  of  pulveruleDt  deposition  may 
be  thought  to  be,  the  fact  remains,  that  a  firm  bright  deposit  of  copper 
can  be  obtained  from  an  impure  (1.6  per  cent.)  electrolyte  when  copper 
ions  are  properly  supplied  to  the  cathode,  and  provision  is  made  for 
counteracting  the  injurious  effects  produced  by  liberated  gases,  whereas 
the  same  liquor  in  the  electrolytic  refining  type  of  cell  gives  only  a  loose, 
dark-colored  spongy  mass  which  bridges  the  electrodes  and  causes  short 
circuiting. 

Heating  the  electrol3rte  is  a  questionable  procedure,  because  it  ren- 
ders the  objectionable  components  of  the  liquor  more  active  in  corroding 
the  deposited  copper.  It  has  long  been  known  that  a  greater  quantity 
of  copper  can  be  deposited  by  the  same  amount  of  current  from  a  neutral 
copper  sulphate  solution  than  from  one  of  the  same  metallic  content  but 
carrying  in  addition  free  acid.  The  cause  of  this  is  that  the  acid  redis- 
solves  the  deposited  copper.  If  ferric  salts  are  present  corrosion  is  still 
more  marked.  These  reactions  are  furthered  by  elevating  the  temperature 
of  the  bath.  Heating  an  electrolyte  always  facilitates  passage  of  the 
current;  but  ore  lixivium  contains  a  variety  of  salts,  and  as  all  ions  may 
serve  the  current  as  a  means  of  transport,  a  large  amount  of  electricity 
may  find  passage  without  depositing  copper.  A  good  conducting 
electrolyte  is  not  necessarily  economical  in  deposition  of  metal. 

Apparatus 

Concrete  as  a  material  for  construction  of  vats,  launders,  etc.,  in 
leaching  works  has  found  application  a  number  of  times,  but  nothing 
is  on  record  as  to  its  durability  under  working  conditions.  As  the 
cement  binder  is  alkaline  in  its  nature,  and  as  leaching  solutions  are  of 
varying  acidity,  it  is  to  be  expected  that  where  the  two  come  into  contact 
chemical  reactions  must  necessarily  follow.  In  a  measure  the  strength 
of  the  acid  liquors  will  have  an  influence,  as  will  also  the  salts  contained 
in  the  solutions,  but  where  much  free  acid  is  present  ordinary  concrete 
will  crumble. 
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Concrete  has  manifest  advantages  over  wooden  construction,  espe- 
cially in  hot,  dry  countries,  and,  of  course,  concrete  vats  are  less  apt  to 
deteriorate  than  are  wooden  ones  in  case  of  temporary  suspension  of 
activities.  To  make  the  good  qualities  of  concrete  available  the  problem 
is  to  devise  means  for  preventing  penetration  of  acid  liquors  into  the  body 
of  the  concrete,  which  sooner  or  later  must  result  in  its  destruction. 

There  are  several  ways  in  which  this  object  may  be  accompl'shed  on  a 
small  scale,  but  their  adaptability  to  commercial  purposes  has  yet  to  be 
demonstrated.  The  inner  layer  of  the  concrete  may  be  made  of  some 
acid-resisting  composition,  or  a  concrete  vat  may  be  lined  with  brick 
which  are  not  affected  by  the  solutions,  or  after  the  vat  is  completed  a  non- 
corroding  coating  may  be  applied  which  sinks  into  the  finished  concrete 
and  protects  the  binder.  Heavy  mineral  oils,  and  paraffin  applied  hot, 
have  been  used  in  this  manner.  Coatings  of  pitch  or  asphaltum  do  not 
seem  to  answer  the  purpose  well,  for  sulphuric  acid  solutions  penetrate 
them  through  minute  holes,  forming  gypsum,  with  consequent  swelling, 
and  the  asphalt  coating  peels  off  as  the  concrete  disintegrates. 

Recently  it  has  been  stated  that  reinforced-concrete  vats  may  be  lined 
with  mastic  asphalt  and  satisfactory  results  obtained.  The  asphalt  mix- 
ture had  to  be  specially  prepared  and  the  work  was  done  by  workmen 
skilled  in  handling  such  material.  It  remains  to  be  seen  how  this  con- 
struction will  endure  under  working  conditions  on  an  extended  scale. 
It  would  seem  to  be  subject  to  the  defect  conunon  to  all  linings  designed  to 
protect  corrodible  material  from  the  action  of  strong  acids:  if  a  leak  starts 
anywhere  the  alkaline  concrete  binder  will  be  attacked  as  a  matter  of 
course  and  this  will  only  become  known  when  the  structure  collapses. 

Mixing  heavy  mineral  oils  with  the  concrete  as  it  is  made,  affords  a 
hard  liquid-repelling  mass  which  behaves  well  with  weak  acid  solutions. 
The  oil  is  incorporated  with  the  cement-sand  mortar  before  the  broken 
rock  is  added,  as  in  the  L.  W.  Page  water-proofing  process.  This  method 
renders  the  whole  mass  to  some  extent  acid-resistant  in  that  the  oil  repels 
liquors  seeking  to  permeate  the  structure.  It  has  the  advantage  over  the 
lining  system  that  leaks  are  self-stopping  and  the  lining  is  not  pushed  off 
leaving  the  concrete  backing  unprotected.  Still,  even  oil  concrete  slowly 
disintegrates  when  strong  (10  per  cent.)  acid  liquors  are  permitted  to  act 
on  it  for  weeks  at  a  time. 

Certain  kinds  of  wood — notably  the  Western  fir — have  been  found  to 
resist  acid  solutions  to  a  remarkable  degree,  even  without  lining.  Storage 
vats  holding  cupriferous  solutions  containing  10  per  cent,  or  more  free 
sulphuric  acid  showed  no  signs  of  failure  after  being  in  use  for  several 
months. 

With  the  help  of  reinforced  concrete,  leaching  vats  of  large  dimensions 
may  be  constructed.  In  a  plant  now  being  built  the  vats  are  designed  to 
hold  each  10,000  tons  of  ore.     It  is  expected  that  two  days'  percolation 


Digitized  by 


Google 


THE  TREATMENT  OF  COPPER  ORE  BY  LEACHING  METHODS       1825 

will  suffice  to  render  soluble  90  per  cent,  of  the  copper  contained  in  this 
ore. 

CosU 

Extraction  of  copper  from  suitable  ore  by  leaching  methods  is  generally 
assumed  to  cost  less  than  the  combined  expense  of  concentration,  smelt- 
ing, and  refining,  and  experimental  data  tend  to  confirm  this  opinion.  At 
the  Butte-Duluth  plant,  which  is  handling  in  excess  of  100  tons  of  oxidized 
ore  daily,  the  copper  is  said  to  cost  $0,085  per  pound.  This  figure  prob- 
ably refers  simply  to  working  expenses  and  does  not  include  freight  East, 
marketing,  etc.  After  the  contemplated  increase  in  the  capacity  of  the 
plant  it  may  be  expected  that  cost  of  the  metal  will  be  materially  reduced. 

Experimental  work  carried  out  at  Morenci,  Ariz.,  indicated  the 
probable  cost  of  leaching  tailings  slime  at  $0.0743  per  pound  copper 
delivered  in  New  York.  This  includes  expenses  after  the  copper  leaves 
the  mine,  with  due  allowance  for  interest  and  depreciation. 

From  extended  tests  made  at  the  Anaconda  works,  carried  out  in  great 
detail  upon  a  working  scale,  the  conclusion  was  reached  that  copper  could 
be  produced  from  concentrating-mill  tailings  for  about  $0.07  per  pound 
copper. 

At  the  Steptoe  mill,  in  Nevada,  a  small  leaching  annex  is  treating 
oxidized  copper  ore  in  conjunction  with  flue  dust  at  a  cost  of  $0.08  per 
pound  copper  recovered. 

The  actual  cost  of  copper  produced  by  leaching  methods  is,  however, 
not  of  so  much  importance  as  the  fact  that  ore  may  be  handled  in  this 
manner  which  is  not  amenable  to  reduction  by  any  other  process.  A 
siliceous  oxidized  copper  ore  carrying  from  1.5  to  2.0  per  cent,  metal  may 
be  profitably  leached  under  favorable  conditions;  there  are  no  other  metal- 
lurgical means  known  for  conmiercially  handling  ore  of  that  character  and- 
grade. 
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TRANSACTIONS  OF  THB  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  revibion]  ^ 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Smit  Lake  meeting,  Aucust,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible 
then  discussion  in  writins  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Sti«et,  New  York,  N.  x.,  for  presentation  by  the  Secretary  or  other  representative  of  ita  author. 
Unless  speetal  arrangement  is  made,  the  discussion  of  this  paper  will  elose  Oct.  1,  1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Mining  Methods  at  the  Copper  Queen  Mines 

BT  JOSEPH   P.   HODGSON,  BISBEB,   ARIZ. 
(Salt  Lake  Meeting,  August.  1914) 

In  1880,  mining  operations  were  commenced  at  the  Copper  Queen 
mine.  The  famous  Queen  orebody,  which  extended  to  the  surface,  was 
first  quarried  from  a  large  open  cut  in  the  outcrop.  The  orebody  was 
followed  down  to  the  300  level  with  the  Queen  incline,  and  stoped.  This, 
we  believe,  marks  the  introduction  of  square  setting  in  the  Bisbee  dis- 
trict, which  is  still  the  method  most  generally  used. 

Orebodies 
The  orebodies  in  the  Copper  Queen  mine  occur  in  the  limestones, 
and  the  main  portion  of  the  ore  has  been  mined  from  the  Abrigo,  Martin, 
and  Escabrosa  limestones.  While  the  orebodies  outcrop  in  the  extreme 
western  end  of  the  mine,  the  general  dip  is  to  the  east  and  south,  at  an 
angle  of  about  20®,  although  this  dip  is  not  by  any  means  regular,  being, 
in  fact,  very  irregular  locally.  The  ore  is  remarkable  for  its  variableness 
in  character,  some  of  it  being  very  soft,  requiring  a  large  amount  of  tim- 
ber, and  other  portions  consisting  of  extremely  hard  sulphides.  The 
orebodies,  in  general,  while  remarkable  for  their  continuity,  are  very 
irr^ular,  both  as  to  shape  and  size.  The  miiie  having  been  in  operation 
so  many  years,  and  mining  having  been  prosecuted  over  such  a  large  area, 
the  operations  have  caused  the  shrinkage  of  the  overburden,  and  there  is 
a  constant  movement,  which  is  shown  by  large  cracks  and  interstices  in 
the  surface  rocks,  which  largely  contribute  to  the  very  high  deadwork 
or  maintenance  cost  of  the  mine.  It  is  surprising  that  for  year  1913  it 
cost  almost  $400,000  just  for  the  one  item  of  repairs  and  deadwork  in 
this  property. 

Haulage  and  Hoisting 
The  underground  openings  have  been  extended  in  the  neighborhood 
of  200  miles.  The  ore  hoisting  is  performed  at  a  centrally  located  shaft, 
the  Sacramento,  to  which  all  the  ores  from  different  parts  of  the  mine 
are  conveyed  by  electric  haulage,  of  which  there  was  slightly  over  9 
miles  in  operation  in  1913.  The  hoisting  levels  at  the  Sacramento  shaft 
are  placed  200  ft.  apart,  commencing  at  the  400  level  and  continuing  down 
to  the  1,600  level,  the  average  hoisting  distance  being  1,000  ft.    The 
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method  of  hoisting  is  by  Kimberly  skips,  which  are  loaded  from  pockets, 
and  as  high  as  400  skips  have  been  hoisted  through  this  shaft  in  a  7i- 
hr.  shift. 

Intermediate  tranmiing  to  haulage  chutes  is  done,  in  general,  by  mules 
and  hand.  Waste  material-  is  used  for  filling  the  square-set  and  cut- 
and-fiU  stopes,  and  when  there  is  a  surplus,  it  is  sent  to  the  surface  at  the 
subsidiary  shafts,  of  which  there  are  seven  in  operation,  and  which  are 
also  used  for  hoisting  and  lowering  men,  timber  and  supplies. 

lAghting 

All  main  haulageways,  powder  houses,  etc.,  are  lighted  by  electricity. 
The  lights  used  by  workmen  have  been  candles,  but  carbide  lamps  are 
being  substituted,  as  it  is  thought  that  by  using  them  there  is  less  liability 
of  fire,  and  it  has  also  been  demonstrated  that  carbide  is  more  economical. 
It  is  a  better  light  to  work  by,  and,  as  much  sorting  of  ore  is  done,  it  enables 
closer  sorting. 

Compressed  Air 

All  hoists,  with  the  exception  of  the  Sacramento,  are  operated  by 
compressed  air,  generated  at  the  central  power  plant,  by  compressors 
having  a  total  capacity  of  21,000  cu.  ft.  of  free  air  per  minute.  Electric 
power  for  underground  and  surface  lights  and  haulage  is  supplied  by  three 
Curtis  turbo-generators,  which  are  connected  with  seven  407-h.p.  water- 
tube  boilers. 

Square  Setting 

Up  to  about  1^  years  ago,  square  setting  was  used  exclusively  in 
this  property.  The  system,  as  a  whole,  has  been  very  successful.  It  is 
quite  elastic,  and  permits  the  following  of  stringers  from  any  point  in 
the  stope,  and  also  permits  of  eflScient  prospecting.  Perhaps  the  greatest 
objection  to  it  in  very  soft  ground,  is  the  liability  to  loss  of  the  stopes  by 
excessive  weight.  There  is  also  a  high  timber  cost,  and,  as  a  whole,  per- 
haps it  is  not  as  economical  as  other  systems,  although  it  must  be  said 
that  a  large  proportion  of  the  mine  will  always  be  worked  upon  this  plan, 
by  reason  of  the  unequal  and  changing  character  of  the  ground. 

The  general  custom  in  the  square-setting  system  practiced  here  is 
to  block  the  ore  out  in  sections,  numbering  the  sections  consecutively, 
the  object  being  to  mine,  if  possible,  four  sections  around  one  central 
raise.  This  can  often  be  done,  but  frequently  the  ground  is  of  such  heavy 
character,  and  so  much  weight  is  thrown  upon  the  timbers,  that  it  is 
impossible  to  take  out  more  than  two  or  three  sections  to  any  one  raise. 
These  sections  are  laid  out  according  to  the  local  character  of  the  ground, 
and  are  from  two  to  four  sets  in  width,  and  from  six  to  ten  in  length. 
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Great  care  must  necessarily  be  taken  in  laying  out  the  work  to  avoid 
making  sections  too  large  and  of  too  great  width,  so  as  to  risk  the  possi- 
bility of  caving. 

As  the  stoping  progresses  from  the  sill  upward,  the  raise  is  usually 


Fig.  1. — Square  Setting. 

sent  through  to  the  next  level,  to  admit  of  the  lowering  of  timber,  the 
proper  ventilation  of  the  stope,  and  the  dumping  of  filling;  as  it  has  been 
found  necessary  to  carry  the  filling  within  about  two  floors  of  the  back  of 
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Fig.  2. — Square  Setting. 

the  stope  and  immediately  below  where  men  are  working.  In  many  of 
the  stopes,  particularly  in  the  oxide  ores,  a  good  deal  of  hand  sorting 
is  necessary,  as  it  has  been  demonstrated  that  it  is  cheaper  to  eliminate 
the  waste  in  the  stope  than  to  pay  for  smelting  it.     While  this  in  many 
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cases  increases  the  mining  cost  materially,  yet  the  company  believes  it  is 
good  business  to  leave  the  waste  in  the  gob  rather  than  put  it  into  chutes, 
tram,  hoist,  and  pay  transportation  and  smelting  charges  upon  it.  In 
order  that  nothing  is  mined  but  what  shows  a  margin  of  profit,  a  system 
of  minima  is  in  effect,  based  upon  the  selling  price  of  copper. 

Figs.  1  and  2  illustrate  different  stages  of  extracting  the  ore  by  means  of 
sections  under  the  square-set  system.  The  chutes  are  so  arranged  as  to 
require  the  least  amount  of  mucking. 

Cut  andFiU 

Within  the  last  two  years,  the  management  has  been  making  some 
experiments  in  other  mining  methods,  and,  in  certain  portions  of  the 
mine,  notably  in  the  Holbrook,  Spray,  and  Gardner  divisions,  some  cut- 
and-fiU  stopes  have  been  opened.  This  system  of  mining  is,  of  course, 
applicable  only  in  hard  ground,  and  these  stopes  are  exclusively  in  sul- 
phide ores.  The  experiments  have  to  date  proved  successful,  hav- 
ing materially  decreased  the  mining  cost,  as  compared  to  the  square-set 
method,  and  it  is  believed  that  this  system  should  be  worked  wherever  the 
conditions  are  suitable.    The  method  in  vogue  is  somewhat  as  follows: 

The  orebody  is  prospected  as  far  as  possible  in  advance,  and  the  side 
and  vertical  dimensions  of  the  ore  are  determined.  Drifts  are  driven  where 
possible  under  the  bottom  of  the  ore  and  raises  put  through  the  ore  to  the 
level  above  to  permit  the  dumping  of  filling.  Chambers  are  then  cut 
out,  drifts  formed  either  by  cribs  or  sets  of  timber,  the  back  blasted  down, 
raises  cribbed  up  at  convenient  points,  and  filling  dumped  in,  upon  which 
the  men  may  work  and  at  all  times  be  kept  close  to  the  back.  Where- 
ever  possible,  the  stope  is  worked  on  an  angle  of  about  45*^,  so  that  the 
broken  ore  may  slide  down  upon  a  plank  bed  laid  upon  the  filling  to  the 
chutes.  This  materially  reduces  the  cost  of  getting  the  ore  into  chutes, 
and  is  very  desirable  wherever  it  is  possible  to  use  it.  Prospecting  can 
be  done  from  any  elevation,  as  the  stope  is  worked  up  to  that  point,  and 
the  filling  easily  and  cheaply  disposed  of.  Wherever  it  is  possible  to 
work  them  upon  an  angle  of  45**,  very  little  timber,  in  general,  is  needed, 
as  the  slope  of  the  ground  materially  helps  to  support  the  stope.  Wherever 
a  stope  cannot  be  worked  upon  the  slope  and  where  the  backs  are  carried 
horizontal,  it  is  often  necessary  to  put  up  temporary  supports  by  crib- 
bing and  blocking  up  the  back  to  make  the  stope  safe  while  the  ore  is 
being  extracted. 

This  system  is  also  elastic,  inasmuch  as  small  blocks  can  be  worked 
out  wherever  it  is  deemed  necessary,  provided  the  back  is  heavy  and  will 
not  admit  of  being  opened  up  in  a  fairly  large  chamber.  One  absolute 
necessity  upon  working  this  system  is  that  the  men  be  watched  closely 
and  taught  to  bar  down  the  backs,  taking  care  before  they  commence 
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drilling  operations  that  all  loose  or  unsafe  ground  is  taken  down.     Perhaps 
a  disadvantage  is  where  ore  is  intersected  by  stringers  or  bunches  of  waste, 


Fig.  3. — Cut  and  Fill. 

but,  if  care  is  taken,  this  waste  can  always  be  blasted  down  or  put  in  the 
gob  and  the  ore  mined  clean.  The  cut-and-fill  method,  up  to  the  present 
time,  has  worked  fairly  successfully  in  the  Copper  Queen  mines,  and  the 


FiQ.  4. — Cut  and  Fill. 


writer  knows  of  many  mines  in  Michigan  and  other  places  that  have 
been  worked  successfully  by  similar  means. 
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Referring  to  Fig.  3,  starting  at  the  top  of  the  slope,  water  holes  are 
drilled  and  a  section  of  ground  about  8  ft.  thick  and  20  ft.  wide  is  blasted 
down.  The  work  is  done  underhand  wherever  it  is  possible  in  order  to 
keep  the  back  solid. 

Fig.  4  shows  that  the  ore  has  been  removed,  waste  filling  has  been 
run  in  and  is  floored  over,  consequently,  the  stope  is  again  in  the  condition 
as  shown  in  Fig.  3. 

Shrivkage 

Up  to  this  time,  only  one  place  in  the  Copper  Queen  mine  has  been 
found  where,  in  our  judgment,  a  shrinkage  stope  could  be  developed. 
This  stope  is  on  the  1,100  level  of  the  Lowell  mine,  and  stoping  is  in  prog- 
ress there  upon  an  orebody  approximately  100  ft.  in  length  and  about 
50  ft.  in  width. 

In  order  to  use  the  shrinkage  system  successfully,  the  surrounding 
character  of  the  walls  must  first  be  ascertained,  and  it  must  be  demon- 
strated beyond  a  doubt  that  they  are  strong  enough  to  permit  the  removal 
of  the  ore  after  the  stope  has  been  carried  to  the  top  of  the  orebodj*^  or  to 
the  level  above.  This  work  is  in  progress  at  present  in  the  Lowell  mine 
and  promises  to  show  very  material  reduction  in  cost,  as  compared  to 
square  setting  in  the  same  character  of  ground.  Practically  no  timber  is 
necessary,  and  as  the  ore  is  kept  close  to  the  back  the  workmen  arc  at 
all  times  close  to  the  working  face.  As  in  the  cut-and-fiU  system,  care 
must  always  be  taken  that  the  workmen  bar  down  and  make  safe  the 
backs  before  commencing  drilling  operations.  One  disadvantage  in  the 
shrinkage  system  is  that  should  bars  of  waste  occur  in  the  orebody,  it 
must  necessarily  be  mined  and  there  is  a  danger  of  it  becoming  mixed 
with  the  ore. 

Top  Slicing 

Another  system  that  has  also  been  receiving  attention  in  these  prop- 
erties is  that  of  the  top  slice.  The  top-slicing  system  probably  originated 
in  the  iron-ore  mines  of  the  northern  part  of  England,  and,  we  believe, 
was  first  introduced  in  this  country  in  the  iron  mines  in  northern  Michi- 
gan. This  system  consists  of  first  driving  in  the  main-level  drifts,  cross- 
cutting  and  finding  the  extent  of  the  orebody,  putting  up  raises  through 
the  orebody  to  the  top  of  the  ore,  and  commencing  operations  at  the 
extreme  top  of  the  orebody.  It  must,  of  coui-se,  be  demonstrated  to  the 
satisfaction  of  the  management  that  there  is  no  possibility  of  other  ore- 
bodies  being  over  the  country  that  is  to  be  mined,  as  the  system,  when 
properly  used,  does  not  necessitate  filling. 

The  method  simply  consists  of  driving  lateral  drifts  and  taking  out  the 
ore  in  small  blocks,  making  sure  to  clean  the  top  of  the  orebody,  placing 
either  plank  or  split  lagging  upon  the  sill  of  every  individual  slice  as  the 
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operations  are  continued  downward,  thereby  forming  a  mat,  upon  which 
the  overburden  and  d6bris  will  rest.  It  is  usually  found  in  the  pre- 
liminary operations  of  a  top  slice  that  the  heaviest  weight  from  the  over- 
burden is  attained  when  the  first  three  or  four  slices  are  being  extracted. 
After  this,  the  mat,  old  timber,  and  overburden  become  intermixed, 
and  in  a  measure  self-sustaining.  This  system  is  applicable  and  desirable 
in  very  soft  or  wet  ground,  and  it  is  the  writer's  opinion  that  in  this  char- 
acter of  ground  it  will  prove  successful  and  profitable  where  square  setting 
and  other  methods  would  fail. 

Top  slicing  has  been  commenced  in  what  is  known  as  the  Dividend 
slice  of  the  Czar  mine.  This  orebody  contains  perhaps  750,000  to 
1,000,000  tons  of  very  soft,  wet,  aluminous  ore,  and  wherever  square 
setting  had  been  tried,  it  was  found  to  be  very  expensive  and  almost 
impossible  to  complete  a  section  successfully.  As  a  preliminary  to 
starting  this  slice,  a  drift  has  been  driven  in  the  foot  wall  on  the  400,  the 
orebody  lying  on  the  foot  wall  and  extending  about  50  ft.  above  the  200 
level.  Raises  were  then  put  up  to  the  200  level  in  the  foot  wall,  as  it 
has  been  found  that  raises  in  the  orebody  will  not  stand  the  terrific 
pressure  which  is  brought  to  bear  upon  them. 

On  account  of  the  ore  being  very  wet  and  aluminous,  it  is  very  hard 
to  handle  in  the  chutes,  and  concrete  pockets  have  been  designed  which 
have  the  shape  of  a  funnel,  with  the  large  portion  of  the  funnel  downward. 
About  30  ft.  above  the  400  sill,  or  in  the  top  of  this  funnel,  an  offset  or 
baffle  has  been  put  in,  and  from  this  point  the  raise  is  continued  to  the 
200  level.  This  raise  is  circular  and  lined  with  concrete,  and,  while  we 
have  not  yet  proved  that  this  type  of  pocket  will  be  successful,  we  are 
confident  that  it  will  materially  lower  the  cost  of  handling  the  ore. 

The  work  in  this  orebody  has  not  progressed  to  a  point  where  a  com- 
parison of  costs  can  be  made,  but  we  are  sure  that  the  operation  will  be 
successful. 

One  advantage  of  top  slicing  is  that  it  is  very  elastic.  Drifts  for 
prospectmg  may  be  driven  in  any  direction  from  any  floor,  and'  the  waste 
disposed  of  in  the  workings.  Another  advantage  is  that  in  mining  the 
orebody  from  the  top  down,  the  ore  is  mined  clean,  and  still  another 
is  that,  wherever  it  is  desirable,  some  incline  raises  may  be  put 
up  at  any  point  from  main  raises  to  the  mining  floor  to  lower  the  cost  of 
tramming.  Several  orebodies  in  the  Czar,  Holbrook,  Gardner,  and  Sacra- 
mento mines  are  being  developed  upon  this  plan,  and  the  management  is 
of  the  opinion  that  they  will  show  a  material  lowering  of  costs,  as  com- 
pared to  square  setting.  It  must  be  understood,  however,  that  top  slicing 
can  only  be  used  where  it  will  not  damage  any  portion  of  the  mine,  and, 
particularly,  it  must  be  demonstrated,  as  before  noted,  that  there  are 
no  orebodies  above  the  territory  worked  upon  this  system. 

Fig.  5  shows  a  top  slice  started  and  mat  formed.     Fig.  6  shows  ex- 
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tremities  of  orebody  being  taken  out  in  advance  of  central  portion.  This 
is  done  where  a  main  extraction  tunnel  is  immediately  below  the  slice, 
in  order  to  obviate  repair  costs  in  main  levels. 

It  is  evident  to  the  writer  that  in  future  developments  in  these  prop- 
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erties,  wherever  orebodies  are  developed  which  are  adapted  either  to 
top  slicing,  cut-and-fill,  or  shrinkage  methods,  these  methods  will  be 
found  to  be  much  more  economical  than  square  setting,  which  has  been 
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Fig.  6.— Top  Slicing. 


in  vogue  almost  exclusively  in  the  past.  It  must  be  remembered,  how- 
ever, that  there  will  always  be  a  large  proportion  of  the  ore  in  these  prop- 
erties extracted  by  the  square-set  method,  as  it  has  undoubtedly  some 
advantages  under  varied  conditions  that  the  other  systems  do  not  have. 
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Ventilation 

Until  recently,  natural  ventilation,  aided  by  exhaust  from  drill 
machines,  small  5-h.p.  blowers,  and  compressed  air,  was  the  only  means  of 
ventilating  the  extensive  workings  of  the  entire  mine.  While  the  tem- 
perature in  stopes  was  not  very  high,  the  relative  humidity  in  most 
places  exceeded  90  per  cent.,  which  made  the  mine  air  oppressive.  A 
mechanical  ventilation  system  was  completed  in  the  Gardner  during 
August,  1913.  The  results  thus  far  attained  in  improved  working  con- 
ditions and  increasing  the  efficiency  of  the  men  have  justified  the  installa- 
tion of  similar  systems  in  the  Lowell  and  Sacramento  divisions. 

The  pressure  system  of  ventilation  has  been  adopted  in  the  Gardner. 
Two  Sirocco  blowers,  situated  near  the  900  station,  deliver  a  total  of 
70,000  cu,  ft.  of  air  per  minute.  This  entire  volume  of  air  is  so  coursed 
as  to  ventilate  the  workings  from  the  1,000  to  the  600  levels,  whence 
it  exhausts  through  the  shafts  of  the  Calumet  Arizona  Mining  Co. 

Lowell  Fire  District 

In  the  Lowell  division,  an  old  fire  extends  from  the  1,000  to  the  1,300 
levels.  Water  is  being  run  into  this  fire  area,  and  after  it  penetrates  the 
hot  zones  the  water  is  charged  with  copper  sulphate.  On  the  1,300 
level  there  is  a  concrete  precipitating  plant,  which  is  500  ft.  long  and  4 
ft.  wide.  The  acid  waters  percolate  among  tin  cans  and  scrap  iron,  and 
deposit  their  copper  content. 

In  order  to  have  drifts  and  raises  that  are  secure  for  the  purpose  of 
conducting  gases  which  come  from  the  fire  district,  those  that  are  most 
important  have  been  heavily  lined  with  concrete. 

Concrete  Pockets  and  Raises 

It  has  been  found  very  economical  for  certain  kinds  of  ore  to  put  in 
concrete  pockets  and  cylindrical  raises  in  storage  chutes,  as  the  upkeep 
cost  is  practically  nothing,  whereas,  the  maintenance  of  timber  in  storage 
chutes  is  expensive. 

Fig.  7  shows  a  sketch  of  a  concrete  pocket  built  particularly  to  handle 
sticky  ores  from  the  Dividend  slice. 

Rgs.  8  and  9  show  a  concrete  storage  pocket  at  the  Sacramento 
hoisting  shaft  designed  to  handle  wet  aluminous  ores. 

Copper  Queen 

An  interesting  feature  of  the  mine  is  that,  at  present,  operations  are 
being  conducted  through  large  areas  of  old  stopes,  and  ore  which  was 
regarded  as  waste  in  former  years  can  now  be  mined  at  a  profit.  A  large 
amount  of  this  work  is  being  done  in  the  Czar  and  Holbrook  divisions. 
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It  may  also  be  stated  that  the  mine,  during  1913,  has  produced 
867,481  tons  of  ore,  yielding  97,181,725  lb.  of  copper;  15,573  tons  of  lead 
ore  have  produced  5,701,628  lb.  of  lead. 

About  104,000  ft.  of  development  work  was  done  for  the  year,  of 
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Fig.  7. — Sections  op  Concrete  Orb  Pocket. 


which  70,000  ft.  was  done  on  contract.  The  amount  of  timber  used  for 
the  year  was  18,645,713  ft. 

The  mine  has  produced  a  total  of  1,176,718,905  lb.  of  copper  to  Janu- 
ary, 1914. 

The  Copper  Queen,  which  is  often  referred  to  as  a  mine,  constitutes 
a  group  of  mines  that  are  operated  by  the  Copper  Queen  Consolidated 
Mining  Co. 
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section  a  a 
Fig.  8. — Plan,  Elsvation,  and  Sbcjtions  of  260-Ton  Concrete  Ore  Pocket. 
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VERTICAL  SECTION 


L0NGITUD(NAL  SECTION 


Fig,  9. — Vertical  and  Longitudinal  Sections  of  260-Ton  Ore  Pocket. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
(8X7BJECT  TO  REVIBIOy] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Sate  Lake  meetins,  August,  1914,  when  an  abetraet  of  the  peper  will  be  read.  If  this  is  impossible, 
then  diseuasion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  ¥.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  willolose  Oct.  1, 1914.  Any  discussion 
offered  thereafter  should  be  in  the  form  of  a  new  paper. 


The  Desi^y  Constructiony  and  Cost  of  Two  Mine  Bulkheads 

BY  SIDNEY  L.  WISE  AND  WALTER  8TRACHE,*  NEW  YORK,  N.  Y. 
(Salt  Lake  Meeting.  August,  1914) 

While  the  installation  of  mine  bulkheads  to  retain  water  under  high 
pressure  is  by  no  means  a  rarity,  the  following  points  which  arose  in  the 
designing  and  placing  of  two  of  these  bulkheads  may  be  of  interest: 

The  Hibemia  magnetite  mine,  located  about  40  miles  west  of  New 
York,  in  the  State  of  New  Jersey,  is  partly  filled  with  water.  This  mine 
is  located  on  an  ore  lens,  the  outcrop  of  which  is  over  a  mile  long.  The 
ore  has  been  mined  from  this  lens  from  the  surface  to  a  depth  of  more 
than  1,500  ft.  It  was  held  desirable  to  separate  the  old  workings  from 
the  new,  and  to  allow  the  former  to  fill  to  the  850-ft.  level.  Two  weak 
places  existed  between  the  new  and  old  workings  below  this  level:  namely, 
a  temporary  bulkhead  on  the  10th  level  and  a  rock  bulkhead  of  inde- 
terminate thickness  on  the  16th  level.  When  the  matter  of  allowing  the 
old  workings  to  fill  was  investigated,  the  fact  was  developed  that  if  these 
old  workings  were  filled,  the  bulkhead  on  the  10th  level  would  be  subjected 
to  a  water  pressure  of  about  60  lb.  per  square  inch,  and  that  200  lb.  per 
square  inch  would  act  on  the  16th-level  bulkhead.  As  the  above- 
mentioned  barriers  were  not  deemed  of  sufficient  strength  to  permit  of 
these  pressures,  it  became  necessary  to  design  and  install  new  bulkheads. 

Design 

As  the  16th-level  bulkhead  was  required  to  withstand  a  pressure  of 
200  lb.  per  square  inch,  it  presented  some  difficulties.  A  careful  con- 
sideration of  the  various  types  of  mine  dams  now  in  use  led  to  the  adop- 
tion of  a  design  of  the  form  of  a  truncated  wedge.  In  this,  the  pressure 
side  of  the  dam  is  of  greater  area  than  the  back,  so  that  the  resultant 
action  is  similar  to  driving  the  wedge.  By  cutting  generous  skewbacks 
m  the  walls,  roof,  and  floor,  this  type  in  reality  becomes  an  invisible  arch. 
The  wedge  feature  tends  to  compress  the  materials  in  the  bulkhead, 
thereby  adding  to  its  imperviousness. 

*  Non-member. 
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Concrete  was  chosen  as  the  material.  In  order  to  lessen  the  labor 
and  simplify  the  construction  of  the  forms,  straight  forms  were  placed  on 
both  the  front  and  back  of  the  dam;  the  arch  in  this  bulkhead  is  therefore 
invisible. 
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As  ordinary  concrete  is  by  no  means  impervious  to  water  under  the 
head  of  200  lb.  per  square  inch,  it  was  decided  to  water-proof  this  bulkhead. 
The  most  economic  method,  consistent  with  good  construction,  was  to 
face  the  entire  pressure  side  with  a  3-in.  layer  of  a  water-proofing  com- 
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pound.  As  described  in  detail  under  ''Construction/'  this  facing  was 
carried  up  with  the  concrete,  thus  insuring  a  perfect  bond.  The  subse- 
quent test  proved  the  efficacy  of  this  facing. 

To  provide  for  future  contingencies,  involving  a  possible  further  water- 
proofing of  the  pressure  side,  it  was  decided  to  place  a  tnanway  through 
the  dam,  permitting  inspection  or  repairs. 

The  relative  positions  of  the  bulkheads  on  the  16th  level  are  shown  in 


0  nlto  placed  horizootaUy 
hcngVti  of  nllfl  14' 


Fig.  2. — Dbtah*  of  Reinforcbbient  Grill  Built  of  30-lb.  Mine  Rails  for  No. 
16  Level  Bulkhead.    Rails  Spaced  at  2-ft.  Centers. 


Fig.  1.  Attention  is  called  to  the  fact  that  the  old  bulkhead  leaked  to 
the  extent  of  about  6  gal.  per  minute,  and  that  five  pipes  pass  through  it 
for  the  purpose  of  draining  the  water  in  the  old  workings  by  pumping 
it  to  the  surface  from  the  16th  level  of  the  new  workings  after  it  had 
passed  through  the  old  bulkhead.  The  new  bulkhead  was  designed  to 
continue  this  function  of  drainage  in  case  it  should  be  so  desired,  and  for 
this  reason  prolongations  of  the  pipes  pass  through  it.     Due  to  the 
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afore-mentioned  leak,  when  the  new  bulkhead  is  completed  and  its  man- 
way  sealed,  the  water  which  passes  through  crevices  in  the  old  bulkhead 
will  soon  fill  the  space  between  the  old  and  the  new  dams.  The  new 
bulkhead  will  then  be  assuming  the  entire  load. 

The  details  of  the  steel  reinforcement  placed  in  the  dam  are  shown 
in  Fig.  2,  the  horizontal  rails  being  curved  to  the  radius  of  the  invisible 
arch.  Great  care  was  taken  to  thoroughly  coat  all  metal  surfaces  with 
mortar. 

The  design  of  the  manway  is  shown  in  detail  in  Fig.  3. 

It  was  decided  to  use  a  1 :2:4  mixture  of  concrete  for  this  bulkhead. 
Atlas  Portland  cement  was  used,  and  a  local  sand,  carrying  less  than  3 
per  cent,  of  foreign  matter,  was  obtained.    The  broken  stone  employed 
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Fio.  3. — Details  of  Manway. 

was  a  gneiss.    This  was  the  result  of  former  milling  operations,  and  was 
screened  and  washed  before  being  used. 


Construction 

The  construction  of  the  lOth-level  bulkhead  presented  no  great 
difficulties.  Ample  storage  space  was  available  on  this  level  and  all  the 
necessary  materials  were  lowered  and  stored  near  the  site.  After  thor- 
oughly cleaning  and  washing  the  mushroom-shaped  cavity,  Fig.  4,  the 
forms  were  placed,  and  braced  from  behind  with  6-in.  and  8-in.  round 
timbers.  The  inside  of  the  forms  was  covered  with  tar  paper,  and  a 
3-in.  drain  pipe,  for  possible  future  use,  was  run  through  the  forms.  This 
pipe  was  fitted  with  a  gate  valve  on  the  working  side.  Two-thirds  of  a 
cubic  yard  comprised  a  batch  of  concrete,  which  was  mixed  rather  wet, 
so  that  after  a  batch  had  been  placed  water  rose  slightly  above  the  level 
mass.  Three  iron  rails  were  placed  across  the  mouth  of  the  cavity  for 
reinforcement.     The  12  yd.  of  concrete  were  placed  in  lOJ  hr. 

In  drilling  the  recesses  for  the  16th-level  bulkhead,  care  was  taken  to 
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SO  point  the  holes  that  the  excavation  would  coincide  in  form  and  dimen- 
sions to  the  design.  At  a  distance  of  25  ft.  from  the  old  dam,  holes  36 
to  39  in.  in  length  and  spaced  1  ft.  apart  were  drilled  in  the  sides,  roof, 
and  floor,  at  right  angles  to  the  course  of  the  drift.  Stoping  and  hand 
drills  were  used  in  this  work  and  four  men  constituted  the  gang  in  this  as 
well  as  the  subsequent  drilling  with  column  drills.  Thirty-five  feet  from 
the  old  bulkhead  a  series  of  holes  4  ft.  in  length  and  from  1  to  1|  ft. 
apart  were  placed  slanting  to  conform  approximately  with  the  inclina- 
tions of  the  skewbacks.  These  holes  were  only  burdened  with  about  1  ft. 
of  ground.  Under  ordinary  conditions  longer  holes  would  have  been 
drilled,  but  the  proximity  of  operating  pumps  made  extraordinary 
precautions  necessary  for  their  protection  during  the  shooting,  and  so 
heavy  blasting  was  not  attempted.  A  round  of  six  holes  was  shot  at  a 
time.  A  third  series  of  holes  was  drilled  slanting  to  conform  with  the 
deeper  portions  of  the  recesses.  When  blasted,  this  series  broke  evenly 
at  the  line  of  the  3-ft.  holes  first  drilled  and  the  resultant  recess  conformed 
almost  exactly  to  the  figure  determined  upon,  and  the  total  excavation 
agreed  with  the  original  estimate  of  60  yd.  The  muck  was  economically 
disposed  of  in  a  nearby  chute. 

The  materials  required  for  the  work  were  unloaded  and  stored  close 
to  the  mouth  of  the  shaft.  Due  to  the  lack  of  space  in  which  to  store  the 
materials  on  the  16th  level,  the  matter  of  lowering  and  delivering  the 
required  materials  without  interrupting  the  work  was  one  of  the  most 
troublesome  obstacles  encountered.  Eight  totwelve  men  were  employed 
on  the  surface  in  sacking  sand  and  stone  while  the  excavation  was  in  prog- 
ress on  the  16th  level.  The  empty  bags  produced  as  the  cement  was  used 
augmented  the  200  old  cement  bags  purchased  for  the  sacking.  While 
enough  sand  could  be  stored  on  the  16th  level  for  this  entire  bulkhead, 
there  remained  insufficient  room  for  the  storage  of  the  daily  requirements 
of  stone  and  cement.  It  was  found  advantageous,  therefore,  to  employ 
a  small  night  crew,  who  lowered  much  of  the  material  required  for  the 
next  day's  work. 

The  ten  curved  rails  were  bent  to  a  14-ft.  radius  over  a  form  in  half 
a  day.    This  was  done  on  the  surface. 

The  forms  on  the  16th  level  bulkhead  were  built  of  2-in.  undressed 
lumber  and  6  to  10  in.  round  posts  were  used  for  studding  and  braces. 
The  forms  were  thoroughly  braced  and  were  wired  to  stiiBfen  them 
further.  The  interior  faces  of  the  forms  were  covered  with  tar  paper,  and 
the  junction  of  the  forms  with  the  rock  was  plastered  with  a  1 :1  cement 
mortar  on  all  sides.  The  pressure-side  forms  were  carried  to  the  roof  of 
the  level  at  once,  but  did  not  extend  into  the  recess. 

The  recess  was  thoroughly  cleaned  of  loose  rock  and  washed  down,  and 
all  the  reinforcing  material,  pipes,  and  the  manway  were  placed  in  posi- 
tion before  the  concreting  was  started.     Furthermore,  the  floor  and  sides 
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of  the  recess  were  plastered  with  a  1 : 1  cement  mortar  before  placing  the 
concrete. 

The  concrete  was  made  of  one  part  cement,  two  parts  sand  and  four 
parts  stone,  these  proportions  being  determined  by  actual  measurement. 
A  batch  of  concrete  contained  }  cu.  yd.  The  sand  was  first  placed  on 
the  mixing  platform  and  the  heaps  flattened  down.  On  this  was  emptied 
the  cement,  and  these  two  materials  were  thoroughly  mixed  and  flattened 
out  before  receiving  the  stone.  This  mixing  took  place  about  12  ft. 
from  the  front  form  of  the  bulkhead.  Enough  water  was  used  to  make  a 
wet  mixture.  Two  men  did  the  first  mixing  and  turned  the  mass,  then 
passed  it  on  to  the  next  two,  who  again  turned  it,  passing  the  finished 
concrete  to  the  last  two  men  at  the  mixing  board.  These  men  shoveled 
directly  into  the  form.  In  this  manner,  while  each  two  men  received  a 
short  rest  of  a  few  minutes  between  batches,  fresh  material  was  being 
placed  on  the  starting  end  of  the  mixing  platform  while  the  men  nearest 
the  form  were  still  disposing  of  the  concrete  mixture.  This  also  insured  a 
thorough  mixing.  One  man  remained  in  the  form  to  level  off  each  batch. 
The  best  day's  work  consisted  in  the  placing  of  12  yd.  of  concrete. 

The  water-proofing  compound,  "Impervite,"  was  carried  up  as  a  3-in. 
facing,  its  level  being  kept  the  same  as  that  of  the  concrete.  An  even 
thickness  of  the  water-proof  layer  was  maintained  by  the  use  of  three  forms 
of  tVui.  plate,  6  ft.  long  by  6  in.  wide,  fitted  at  the  upper  corner  with  3-in. 
spreading  bolts.  These  forms,  placed  across  the  entire  width  of  the  face, 
were  raised  3  to  4'  in.  at  a  time,  and  enough  concrete  was  then  shoveled 
against  them  to  keep  them  in  place.  The  almost  semi-liquid  water- 
proofing compound  was  mixed  on  the  level  and  was  carried  to  the  forms  in 
buckets. 

Before  leaving  at  night,  sharp  man-size  (about  100-lb.)  stones  were  set 
at  least  6  in.  apart  in  the  concrete  mass.  This  made  a  strong  bond,  and 
before  concreting  the  next  day  this  rough  surface  was  freshly  plastered 
with  a  thin  1:1  mortar. 

As  the  roof  was  reached,  false  forms  were  placed,  and  the  work  was 
finally  finished  in  tightly  bonded  dovetailed  blocks. 

Throughout  the  work,  the  leakage  from  the  old  dam,  6  gal.  per 
minute,  passed  through  the  2-in.  drain  pipe  of  the  bulkhead. 

Seven  2-in.  grout  pipes,  four  on  the  pressure  side  and  three  on  the 
opposite  side,  were  placed  in  the  concrete  as  the  work  neared  completion. 
They  were  all  located  near  the  roof  and  were  directed  to  such  places  as 
were  most  diflScult  to  fill  with  concrete.  As  the  work  had  to  be  hurried, 
but  a  day  and  a  half  elapsed  after  completion  of  the  cement  work  before 
grouting  was  begun.  The  grout  mixture  was  a  mortar  consisting  of 
one  and  one-half  parts  of  sand  to  one  part  of  cement  made  fluid  with 
water-dissolved  "Impervite."  A  mine-made  grout  "gun"  was  used,  and 
the  grout  was  forced  successively  into  the  several  pipes  by  means  of  air 
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under  the  pressure  of  85  lb.  per  square  inch.  As  the  grout  was  forced 
through  the  different  pipes  the  ejection  of  some  of  this  material  through 
the  other  pipes  indicated  that  the  greater  voids  were  filled.  As  the 
"gun"  connections  were  changed  those  pipes  giving  the  greatest  dis- 
charge were  plugged,  and  the  discharge  was  finally  limited  to  one  pipe. 
This  too,  was  filled  and  plugged.  The  first  day's  grouting  was  allowed 
to  set  over  night,  and  the  following  day  all  the  pipes  were  again  tested. 
This  time  there  was  no  communication  between  the  pipes,  and  as  little  or 
no  grout  could  be  forced  into  any  one  of  the  pipes  the  grouting  was 
considered  most  satisfactory. 

Three  weeks  were  determined  upon  as  the  period  which  should  elapse 
before  the  new  bulkhead  should  receive  any  load.  During  this  time  the 
2-in.  drain  pipe  was  left  open. 

At  the  expiration  of  this  time  the  completed  16th-level  bulkhead  was 
tested  by  pumping  water  up  to  the  pressure  of  160  lb.  per  square  inch 
into  the  space  between  the  old  and  new  bulkheads  through  the  2-in. 
drain  pipe.  The  results  were  entirely  satisfactory,  as  the  total  seepage 
amounted  to  only  i  gal.  per  minute  at  first.  This  small  leakage  sub- 
sequently stopped  almost  completely. 

Cost 

A  cheap  class  of  labor  was  employed  exclusively,  the  men  receiving 
$2  per  10-hr.  shift. 

Following  are  tables  showing  the  cost  of  the  work.  The  interference 
caused  by  the  necessity  of  keeping  two  large  pumps  in  operation  within 
50  ft.  of  the  16th-level  bulkhead  was  perhaps  the  greatest  cause  for  the 
apparent  high  cost.  The  labor  cost  of  lowering  materials  was  also  very 
high  for  the  amounts  handled,  which,  in  the  case  of  the  16th-level  bulk- 
head, had  to  be  lowered  1,350  ft.  in  one  skip. 

Summary  of  Costs 

Division  16th-Level  Dam  lOth-Level  Dam 

Labor $790.00  $134.00 

Superintendence 130.00  30.00 

Transportation 50.46  4.50 

Materials 603.88  37.23 

Totals $1,474.34  $205.73 

Costs  per  Cvbic  Yard 

Division                                                           16th-Level  Dam  lOth-Level  Dam 

Labor $13.17  *  $11.15 

Superintendence 2. 17  2.50 

Transportation 0.84  0.37 

Materials 8.38  3.10 

Totals $24.56  $17.12 
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[subject  to  rbyibionI 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ahould  preferably  bo  preoented  inperton  at  the 
Salt  Lake  xneetinc>  AucQst,  1914,  when  anl  abstract  of  the  paper  will  be  read.  If  this  u  impossible, 
thea  diacuarion  in  writinc  may  be  sent  to  the  Editor,  American  Institute  of  Mininc  Ensineera,  29  West 
39th  Street,  New  York.  M.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
UnleM  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1,  1914.  Any  discussion 
offered  tnereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Economy  and  Efficiency  in  Reverberatory  Smelting 

BT  C.  D.   DBMOND,   ANACONDA,   MONT. 
(Salt  Lake  Meeting,  August,  1914) 

In  reverberatory  smelting,  fuel  is  the  chief  item  of  expense,  as  it 
commonly  is  in  processes  using  large  percentages  of  it.  Hence  the  most 
suitable  supply  is  eagerly  sought;  that  is,  the  supply  which,  in  the  end, 
yields  the  greatest  net  profit.  The  better  grades  are  not  infrequently 
bought,  even  at  an  advanced  price,  because  they  are  apt  to  be  decidedly 
more  economical.  High  price,  of  itself,  however,  is  no  merit,  for  freight 
is  generally  the  largest  part  of  the  cost  of  fuel,  and  the  nearby  supply  may 
yield  as  high  efficiency  as  that  from  a  greater  distance.  If  a  poorer  grade 
is  reasonably  good,  and  if  its  cost  is  low  enough  to  more  than  offset  the 
decreased  technical  efficiency,  it  is  of  course  the  more  suitable. 

Any  smelting  operation  depends  for  both  efficiency  and  economy 
on  raising  the  furnace  atmosphere  considerably  above  the  "critical"  tem- 
perature; that  is,  above  the  temperature  at  which  smelting  is  completed. 
If  this  temperature  is  not  exceeded,  smelting  stops,  no  matter  how  much 
coal  is  burned;  and  the  real  value  of  a  fuel  depends  on  the  number  of 
d^rees  that  the  temperature,  is  continuously  kept  above  this  point.  For 
example,  if  one  fuel  maintains  2,500^  F.  and  another  only  2,100^  F.,  while 
the  "critical"  temperature  is  2,000°  F.,  the  first  is  worth  at  least  five 
times  as  much  as  the  second,  although  the  increase  above  atmospheric 
temperature  is  only  one-fifth  more  in  one  case  than  in  the  other.  This 
^'margin  of  temperature"  above  the  smelting  point  is  much  more  signifi- 
cant than  the  total  number  of  heat  units  developed  from  the  fuel.  The 
case  is  parallel  to  that  of  water  flowing  from  a  pipe.  The  reservoir 
may  contain  a  billion  gallons  of  water;  but,  even  though  the  fluid  has 
come  to  the  nozzle,  not  a  drop  will  run  out,  where  it  can  be  of  practical 
use,  unless  the  level  in  the  reservoir  is  higher  than  the  nozzle;  and  the 
speed  and  volume  of  flow  depend  on  how  much  higher  the  level  is  in 
the  reservoir  than  at  this  point.  If  the  temperature  in  a  furnace  is  not 
above  the  critical  level  there  will  be  no  slag  to  flow  over  the  skimming 
plate,  even  though  there  are  enough  heat  units  to  bring  an  unlimited 
quantity  of  charge  up  to  the  point  of  slag  formation;  and  just  as  the 
value  of  a  water  supply  for  the  purpose  of  putting  out  a  fire  depends 
largely  on  the  effective  head,  so  the  difficulties  of  furnace  management 
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vary  inversely  with  the  margin  of  temperature,^  provided  other  conditions 
are  alike  in  the  different  cases.  The  most  important  of  these  other 
conditions  is  the  presence  of  a  good  flame  in  the  hearth,  which  is  re- 
ferred to  in  the  discussion  of  several  of  the  fuel  tests  and  is  taken  up 
in  some  detail  under  "  Character  of  the  True  Coal"  (p.  1856). 

The  heat  must  be  applied  at  the  right  place,  and  the  right  place 
in  a  reverberatory  furnace  is  the  charge  on  the  hearth.  Some  experiences 
are  here  presented  showing  the  unfortunate  condition,  with  some  coals, 
of  getting  an  excessive  proportion  of  the  heat  into  the  flue  or  on  the  grate, 
and  the  high  cost,  in  some  cases,  of  getting  the  charge  above  the  critical 
temperature. 

Experiences  with  Various  Fuels 

At  its  old  reduction  works,  the  Anaconda  Copper  Mining  Co.  used 
wood  for  reverberatory  smelting  during  a  short  period  in  its  early  history; 
but  this  fuel  was  by  no  means  as  efl&cient  as  fairly  good  coal;  nor  was  it  as 
economical,  even  though  it  was  cut  within  5  or  10  miles  of  the  plant,  while 
the  coal  had  to  stand  the  freight  charge  for  a  haul  of  200  miles  in  one  case 
and  500  in  another. 

Coal  from  Belt,  Mont.,  was  tried;  but  in  a  20  by  12  ft.  furnace  with 
a  4  by  5  ft.  fire  box  this  could  not  be  successfully  used  with  natural  draft, 
for  four  reasons:  1,  there  was  a  large  loss  of  coal  through  the  grate  because 
the  ash  did  not  clinker,  and  the  draft  was  only  enough  for  a  compara- 
tively thin  bed  on  the  grate;  2,  it  contained  too  little  of  the  heavy  hydro- 
carbons to  maintain  a  proper  flame  in  the  hearth;  3,  its  total  heating 
value  was  too  small  to  develop  a  very  high  temperature  under  any  cir- 
cumstances; and  4,  the  large  amount  of  ash  (25  to  30  per  cent.),  inti- 
mately mixed  with  the  true  coal,  so  interfered  with  efficient  combustion 
as  to  still  further  increase  the  difficulty  of  getting  a  high  temperature. 
With  forced  draft,  however,  and  with  an  8  by  5  ft.  fire  box,  enough  flame 
was  driven  into  the  hearth  so  that  moderate  smelting  conditions  were 
obtained;  and  it  was  possible  to  carry  such  a  depth  of  ash  that  the  loss  of 
fuel  through  the  grate  was  much  reduced.  The  intense  forced-draft  com- 
bustion at  the  bottom  of  the  fuel  bed,  however,  caused  troublesome 
clinkering.  The  extent  of  this  will  be  appreciated  when  it  is  stated  that, 
although  steam  was  introduced  with  the  blast  to  lessen  the  clinker,  so 
much  of  the  latter  built  up  that  the  entire  grate  had  to  be  dumped  and  a 
new  fire  started  every  12  hr.  After  using  Belt  coal  for  a  year,  a  coal 
from  Diamondville,  Wyo.,  was  adopted,  and  was  successfully  used  with 
natural  draft.  The  change  resulted  in  a  40  per  cent,  decrease  of  the  fuel 
cost  per  ton  of  material  smelted;  and  it  increased  the  capacity  of  the  fur- 

^  The  nicest  proof  of  this  principle  of  critical  temperature  and  the  margin  is  found  in 
the  explanation  of  Gayley's  success  in  applying  dry  blast  to  iron  smelting.  See  J.  £. 
Johnson,  Jr.,  Trans.,  xxxvi,  472  (1905),  and  H.  M.  Howe,  Trans.,  xxxvii,  216  (1906). 
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naces  66  per  cent.,  thus  leading  to  a  decrease  in  the  other  items  of  cost 
per  ton.  This  was  a  case  where  a  very  decided  increase  in  the  price  of 
coal  resulted  in  a  remarkable  net  saving. 

The  size  of  furnaces  was  gradually  increased  at  the  old  works  till 
hearths  42  by  14  ft.  were  built,  which  resulted  in  striking  economies 
of  fuel,  labor,  and  repairs.  This  increase  continued  at  the  new  (Washoe) 
works  with  even  greater  advantage,  as  already  recorded  in  the  Transac- 
tions,* and  the  benefits  of  this  enlargement  were  so  marked  that  the 
management  determined  to  find  whether  the  low-priced  Belt  coal  could 
be  successfully  used  with  strong  natural  draft  (1.6  in.  water  column  in 
the  flue  close  to  the  furnace  and  0.75  in.  at  the  bridge)  in  the  fire  box 
7  by  16  ft.  by  24  in.  deep  attached  to  a  112  by  19  ft.  hearth,  which  are  the 
dimensions  of  most  of  the  present  furnaces.  The  trial  was  made  in  a 
furnace  that  was  already  in  normal  operation  with  Diamond ville  coal; 
but  after  the  Diamondville  coal  was  all  burned  out  only  one  15-ton  charge 
could  be  smelted,  and  even  this  could  not  have  been  done  except  for  the 
reserve  heat  in  the  immense  pool  of  slag  and  matte  (180  tons  combined) 
that  is  kept  in  the  hearth.  The  furnace  froze  an  hour  before  the  end  of 
the  test,  though  using  Belt  coal  at  the  rate  of  98  tons  per  24  hr.  After 
getting  back  to  Diamondville  coal,  it  took  7  hr.  to  get  the  charge  hot 
enough,  in  front,  to  skim;  though  it  was  hot  enough  at  the  back  to  take 
a  charge  in  3  hr.  The  usual  rate  of  smelting  was  regained  in  about  8  hr. 
Before  the  test  began,  the  flue  temperature  averaged  2,200**  F.,  as  usual; 
for  4  hr.,  while  the  fire  box  contained  both  Diamondville  and  Belt  coal, 
it  was  2,000°  F.;  but  for  the  last  2J  hr.,  with  Belt  coal  alone,  it  was  only 
1,660°  F.  During  the  first  7  hr.,  with  a  good  clinker  bed,  and  with 
considerable  heat  from  Diamondville  coal,  the  boilers  attached  to  the 
furnace  developed  584  boiler  horse  power;  but  during  the  last  8  hr., 
with  Belt  alone,  they  developed  only  389  h.p.  This  still  left  Belt  coal 
with  its  bad  reputation;  but  several  years  later,  when  on  account  of  in- 
h^ent  losses  in  gas  producers  the  management  of  the  company's  Great 
Falls  plant  pretty  definitely  decided  to  abandon  their  producers,  which 
were  situated  at  a  considerable  distance  from  the  furnaces,  it  was  thought 
that  this  coal  might  be  a  commercial  success  at  Great  Falls,  in  a  gas- 
producing  fire  box  attached  directly  to  the  furnace,  the  freight  being  much 
less  from  Belt  to  Great  Falls  than  to  Anaconda,  while  the  freight  on 
Diamondville  coal  is  higher  to  Great  Falls  than  to  Anaconda.  They 
had  always  used,  in  their  gas  producers,  coal  from  near  Belt,  and  of  the 
same  general  character  as  the  Belt  coal.  Since  their  regenerative 
furnaces,  designed  like  an  open-hearth  steel  furnace,  were  not  so  well 
adapted  to  such  an  experiment  as  thefurnacesat  Anaconda,  a  102  by  19  ft. 
hearth  at  the  latter  plant  was  equipped  with  a  fire  box  that  had  the  im- 
mense shaking-grate  area  of  19  by  21  ft.  Under  these  conditions  smelt- 
•B.  P.  Mathewson  and  William  Wraith:  Trans.,  xliv,  783  (1912). 
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ing  succeeded  even  with  natural  draft,  as  shown  in  trials  1  and  3  of  Table  I. 
The  surface  of  the  fuel  was  kept  6i  ft.  above  the  grate,  this  being  the 
best  depth  found  by  experience.  In  the  first  trial  nothing  but  roasted 
concentrate  ("calcine")*  containing  a  small  amount  of  lime  rock  flux, 
was  smelted;  but  in  No.  3  there  was  added  a  portion  of  flue  dust,  which  is 
harder  to  smelt  than  calcine.  In  parallel  runs  with  Diamondville  coal 
in  one  of  the  regular  furnaces  (trials  2  and  4  in  the  table)  the  results 
were  normal  when  smelting  calcine  alone,  but  8  per  cent,  better  than 
normal  when  flue  dust  was  added  to  the  charge.  The  comparison  of 
coals  was  still  decidedly  in  favor  of  Diamondville  normal  results,  the  tons 
smelted  per  ton  of  coal  being  a  good  deal  more  than  double,  the  cost  for 
coal  being  36  per  cent,  less  per  ton  of  material  smelted,  and  the  tonnage 
smelted  per  furnace  being  about  20  per  cent,  greater.  Moreover, 
Diamondville  requires  only  three  men  per  furnace  on  each  8-hr.  shift, 
while  the  Belt  required  six  men  at  best.  Most  of  the  extra  labor  was  due 
to  the  troublesome  ash  and  clinker. 

With  forced  draft  in  the  gas-producing  fire  box,  and  carrying  the 
surface  of  the  fuel  bed  7  ft.  above  the  grate,  the  consumption  of  Belt 
coal  was  19  per  cent.  less  than  with  natural  draft,  while  the  smelting 
capacity  was  increased  12  per  cent.,  thus  increasing  the  ratio  between  tons 
of  material  smelted  and  tons  of  coal  used  from  1.99  to  2.74  (compare  trial 
6  with  trial  1  in  Table  I).  However,  even  this  was  much  short  of 
Diamondville  results,  which  yielded  9  per  cent,  less  cost  for  fuel,  per  ton 
smelted,  and  8  per  cent,  more  smelting  capacity  for  the  furnace  (compare 
trials  2  and  5);  and  there  was,  with  Belt  coal,  the  decidedly  increased 
labor  cost,  a  much  larger  capital  outlay  for  equipment,  the  power  to  supply 
blast,  and  a  large  consumption  of  steam  under  the  grate  to  prevent  cUnk- 
ering.  The  power  used  for  forced  draft  was  23.1  h.p.,  and  11.5  h.p.  for 
the  secondary  air  introduced  over  the  bridge.  The  steam  used  under  the 
grate  was  4,600  lb.  per  hour  (143  boiler  horse  power).  Even  with  natural 
draft  there  was  a  steam  consumption  of  2,220  lb.  per  hour  (69  boiler 
horse  power).  The  steam  generated  in  the  boilers  attached  to  the  Belt 
furnace  was  632  boiler  horse  power  with  forced  draft,  and  619  with  natural 
draft.  In  trial  No.  4,  with  Diamondville  coal  and  natural  draft,  the  horse 
power  developed  was  469. 

The  total  cost  under  these  best  conditions  for  Belt  coal  would  be 
at  least  16  per  cent,  more  than  with  Diamondville  at  Anaconda.  Possibly 
some  other  style  of  gas  producer  would  be  better;  but  it  is  not  likely  that 
Belt  coal  can  ever  compete  with  good  Diamondville  here,  unless  by  some 
very  radical  change  in  conditions.  At  Great  Falls,  however,  with 
the  very  diflfferent  freights  from  the  two  coal  camps,  Belt  may  be  the  more 
economical  coal. 

Rock  Springs  (Wyoming)  coal  was  used  at  the  old  works  for  several 
years;  but  was  not  as  good  as  Diamondville,  because  it  flashed  too  much 
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Tabiji  I. — Reverheraiary  Te$U  ai  Anaconda 


• 

Ratio 

"Effidenoy*' 

No. 

Coal  and  Draft 
Conditions 

naceper24 
Calcine    g>«« 

nr. 
Totol 

Tone 
Coal  per 

(Tons 

Smelted  per 

Ton  of 

Coal) 

(ToneSmelted 

mSuou 
B.t.u.) 

Boiler 
Horee 
Power 

I 

Belt  run  of  mine;  gaa-pro- 
ducer  fire  box;  natural 
draft. 

"247  .'2 

247.2 

124.3 

1.99     - 

0.122 

"619 

2 

Diamondville    run    of 
mine;  parallel  to  preoed- 
ins. 

Belt  run  of  mine;  gae-pro- 

297.8 

297.8 

64.5 

4.62 

0.207 

3 

212.2 

19.8 

231.5 

117.4 

1.97 

0.120 

ducer  fire  box;  natural 

draft. 

4 

Diamondville    run    of 
Eoine;  parallel  to  preoed- 

Belt  run  of  mine;  gae-pro- 

269.3 

21.5 

290.8 

58.8 

4.95 

0.221 

469 

5 

276.8 

276.8 

100.8 

2.74 

0.164 

532 

ducer   fire   box;   forced 

draft. 

6 

Bear  Creek  run  of  mine; 
f ozeed  draft  and  38-in. 
fuel  bed. 

118.0 

118.0 

65.1 

1.81 

0.089 

438 

7 

Bear  Creek  run  of  mine; 
forced  draft  and  24-in. 
fuel  bed. 

180.0 

180.0 

80.4 

2.24 

0.110 

8 

Diamondville    run    of 
mine«  parallel  to  the  two 
preoedins. 

Bear  Creek  run  of  mine; 

256.6 

10.2 

266.8 

60.8 

4.39 

0.178 

458 

9 

201.7 

201.7 

81.6 

2.47 

0.122 

585 

natural  draft. 

10 

Bear  CxtMk  run  of  mine; 
forced  draft. 

237.0 

.237.0 

75.1 

3.16 

0.153 

582 

U 

Diamondville    run    of 
mine;  parallel  to  the  two 

234.9 

21.6 

256.5 

63.1 

4.06 

0.177 

12 

precedin|;. 
Bear  Creek  run  of  mine; 
nstural  draft. 

199.7 

199.7 

86.7. 

2.30 

0.112 

567 

13 

Diamondville    run    of 

303.2 

303.2 

62.6 

4.84 

0.214 

14 

Bear  Creek  run  of  mine; 
natural  draft. 

160.8 

26.6 

187.3 

87.3 

2.15 

0.104 

559 

15 

Diamondville    run    of 

216.1 

34.2 

250.3 

57.6 

4.35 

0.187 

522 

16 

eediuE. 
Bear  Creek  run  of  mine; 
forced  draft. 

234.7 

234.7 

82.8 

2.83 

0.133 

508 

17 

Diamondville    run    of 
mine;  parallel  to  pre- 

299.6 

299.6 

57.2 

5.24 

0.222 

18 

eedinJE. 
Bear  Creek  run  of  mine: 
forced  draft. 

204.2 

24.2 

228.4 

85.5 

2.67 

0.125 

671 

19 

Diamondville    run    of 
mine;   parallel   to   pre- 

237.9 

30.4 

268.3 

56.0 

4.79 

0.207 

507 

20 

oedink. 
natural  draft. 

219.5 

219.5 

92.9 

2.36 

0.114 

537 

21 

Diamondville    run    of 
mine;   parallel  to  pra- 
ceding. 

Roundup   run   of   mine; 
natural  draft. 

303.5 

303.5 

59.8 

5.08 

0.222 

22 

200.3 

19.5 

219.8 

90.6 

2.43 

0.117 

525 

23 

Diamondville    run    of 
mine;   parallel   to   pre- 

248.6 

28.8 

277.4 

57.4 

4.84 

0.205 

433 

24 

Roundup   run  of  mine; 
forced  draft. 

246.2 

246.2 

88.5 

2.79 

0.131 

575 

25 

Diamondville    run    of 
mixie;   paraUel   to   pr»> 

323.8 

323.8 

56.9 

5.69 

0.248 

473 

26 

Roundup  run  of  mine; 
forced  draft. 

213.2 

20.2 

233.4 

96.0 

2.43 

0.118 

616 

27 

Diamondville    run    of 
mine;  parallel  to   pre- 
ceding. 

297.4 

25.8 

323.2 

58.9 
B.C.19.38 

5.49 

0.232 

Bear    Creek    lump    and 

219.4 

28.6 

248.0 

Dia.43.03 

3.97 

0.176 

28 

62.41 

Diamondville  mine  run; 

natural  draft. 

29 

Diamondville;  parallel  to 
preeeding. 
Diamondville  lump 

211.9 

42.1 

254.0 

58.7 

4.33 

0.190' 

30 

294.7 

33.6 

328.3 

63.3 

5.19 

0.2U 

31 

Roundup  lump;  natural 

A  218.7 

218.7 

89.3 

2.45 

0.117 

draft. 

B  231.4 

231.4 

85.0 

2.72 

•      0.132 

,     667" 

C  263.4 

M  -.1.'  • 

263.4 

79.4 

3.32 

0.159 
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in  the  fire;  that  is,  it  gave  oflf  its  volatile  matter  so  rapidly  that  there 
was  a  good  flame  in  the  furnace  for  a  few  minutes,  but  for  most  of  the 
time  there  was  practically  no  flame.  To  minimize  this  eflfect,  the  fire- 
box temperature  was  kept  as  low  as  possible,  by  letting  a  thick  bed  of  ash 
accumulate.  This  procedure  also  prevented  much  loss  of  fuel  through 
the  grate;  but,  as  the  ash  was  fine  and  did  not  clinker,  the  grating  had  to  be 
done  cautiously.  A  furnace  would  use  about  25  per  cent,  more  of  Rock 
Springs  than  of  Diamondville  coal,  but  would  not  smelt  more  than  90  per 
cent,  as  much  material. 

A  number  of  trials  have  been  made  at  the  new  works  with  mine- 
run  coal  from  Bear  Creek,  Mont.  The  first  shipment  was  received  be- 
fore the  mines  were  much  developed;  and  the  natural-draft  results  were 
like  those  with  Belt.  (The  Belt  mines,  however,  were  well  developed). 
With  the  coal  24  in.  deep  in  the  7  by  16  ft.  fire  box  the  furnace  froze 
in  6  or  8  hr.,  despite  the  best  efforts  with  different  methods  of  firing, 
and  while  using  coal  at  the  rate  of  72  tons  in  24  hr.  The  cause  of  this 
failure  was  lack  of  flame.  This  same  shipment  of  coal  succeeded, 
however,  under  forced  draft,  even  though  in  one  case  it  was  used  at 
a  slower  rate  than  during  the  natural-draft  trial;  and  this  was  due  to 
the  intense  combustion  on  the  grate  distilling  some  heavy  volatile  matter 
into  the  hearth,  and  developing  flame  there.  This  is  parallel  to  the 
experience  with  Belt  coal.  Having  the  Bear  Creek  coal  38  in.  deep,  with 
an  average  air  pressure  of  2.6  in.  under  the  grate,  118  tons  of  calcine 
were  smelted  per  24  hr.,  with  65  tons  of  coal  (ratio  1.8) ;  but  with  a  fuel  bed 
only  24  in.  deep,  and  a  1.7  in.  under-grate  pressure,  the  decidedly  better 
result  was  obtained  of  smelting  180  tons  of  calcine  with  80  tons  of  coal 
(ratio  2.2).  (See  trials  6  and  7  in  Table  I.)  A  parallel  run  with  61  tons 
of  Diamondville  coal  smelted  267  tons  of  calcine  and  flue  dust  (ratio  4.4), 
a  normal  result  with  this  coal.  (See  trial  8.)  The  fuel  cost  for  even  the 
better  of  the  Bear  Creek  results  was  75  per  cent,  higher,  per  ton  smelted, 
than  for  the  Diamondville  result,  and  would  be  nearly  100  per  cent, 
higher  if  flue  dust  had  been  included  in  the  charge,  as  it  was  with  Dia- 
mondville, because  of  the  slower  smelting  of  dust. 

Even  with  forced  draft  a  really  good  flame  could  not  be  obtained 
from  this  lot  of  Bear  Creek  coal;  but  after  15  months  further  develop- 
ment of  the  mines  the  coal  was  of  a  quality  to  give  fairly  good  flame 
without  forced  draft.  The  efficiency,  however,  was  25  per  cent,  better 
with  forced  than  with  natural  draft,  as  indicated  by  the  ratio  and  "ef- 
ficiency" colunms  for  trials  9  and  10  in  Table  I.  Trial  10  was  the  most 
efficient  and  economical  of  all  the  tests  of  Bear  Creek  coal,  but  its  fuel 
cost  per  ton  smelted  was  14  per  cent,  higher  than  for  Diamondville  in  a 
parallel  test  (trial  11),  and  30  per  cent,  higher  than  for  normal  Diamond- 
ville results  when  the  charge,  as  in  trial  10,  contains  no  flue  dust.     Another 
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large  shipment,  six  months  later,  was  not  as  good  as  the  one  just  mentioned 
(see  trials  12, 14, 16,  and  18  of  the  table.) 

Another  Montana  mine-run  coal,  from  Roundup,  gave  results  which, 
as  a  whole,  were  about  the  same  as  with  the  Bear  Creek  (see  trials  20  to 
26),  but  the  Roundup  netted  6  to  10  per  cent,  less  cost  per  ton  smelted, 
because  of  a  lower  freight  rate.  The  cost,  however,  averaged  nearly  70 
per  cent,  more  with  Roundup  than  with  Diamondville  coal,  although  the 
price  of  a  ton  of  Roundup  was  one-sixth  less  than  for  Diamondville. 

What  Constitutes  Good  Fuel 

So  far  as  the  coal  is  concerned,  there  are  four  factors  that  affect  smelt- 
ing efficiency:  1,  the  character  of  the  true  coal  substance;  2,  the  per- 
centage of  fines;  3,  the  percentage  of  moisture;  and  4,  the  character  and 
percentage  of  ash;  and  these  call  for  some  discussion. 

Character  of  the  True  Coal 

As  to  the  character  of  the  real  coal  substance,  something  can  be  judged 
from  proximate  analyses;  but  these  must  be  used  with  a  good  deal  of 
caution,  for  they  may  be  very  misleading  in  regard  to  the  ratio  of  fixed 
carbon  to  the  volatile  portion  of  the  real  coal,  and  they  tell  nothing  as  to 
the  composition  and  qualities  of  the  volatile  matter.  Frank  Haas  has 
shown  that  the  two  coals  whose  analyses  are  quoted  below  are  undoubtedly 
identical  in  the  character  of  the  coal  substance,  though  the  proximate 
analyses  suggest  quite  otherwise  when  considered  in  the  usual  way.  They 
are  from  different  parts  of  the  same  bed.  His  conclusion  is  based  on 
intimate  practical  familiarity  with  the  coals;  on  a  study  of  the  ultimate 
analyses;  on  consideration  of  the  sulphur  included  as  part  of  the  volatile 
matter;  and  on  changes  in  the  ash  which  affect  the  apparent  percentages 
of  volatile  matter  and  fixed  carbon.* 


Proximate  Analyses 


Ratio  of 
F.  C. 


Moisture  Volatile        Fixed  Ash  Sulphiir 

Matter  Carbon  V^^- 

Per  Cent.  Per  Cent.     Per  Cent.     Per  Cent.     Per  Cent. 

No.  2....      1.76  35.06  66.54  6.64  1.63  1.61 

No.  9....     1.21  39.78  61.90  7.11  3.64  1.30 

Ultimate  Composition  of  the  True  Coal 
Carbon  Hydrogen       Nitrogen         Oxygen  _     .        C 

Percent.        Per  Cent.      Per  Cent.        Per  Cent.        ^"o  of  jj 

No.  2 82.76  6.82  1.69  9.73  14.2 

No.  9 82.98  6.98  1.60  9.64  13.9 


^West  Virginia  Geoloffical  Survey,  vol.  ii  (A),  p.  651  (1908);   and  Bulletin  No.  10, 
Consolidation  Coal  Co.,  Fairmont,  W.  Va. 
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Mr.  Haas's  proximate  analyses  appear  to  have  been  made  with  a 
good  deal  of  care;  but  with  less  care  the  results  are  still  more  misleading. 
The  analyses  in  Table  II  for  our  trials  9,  10,  and  11  illustrate  what 
happens  when  the  conditions,  as  to  time  and  temperature,  are  not 
according  to  the  standard  directions  for  determining  volatile  matter. 
The  ratio  of  volatile  matter  to  fixed  carbon,  in  these  three  cases,  is 
respectively  1.01,  1.06,  and  1.01;  but  in  no  other  case  in  the  table  is 
the  ratio,  higher  than  0.89  for  either  of  these  coals.  These  three  analyses 
were  made  together;  and  the  fact  that  the  ratio  is  equally  high  for 
both  Bear  Creek  and  Diamondville  is  practically  conclusive  evidence  that 
the  samples  were  heated  too  much  in  the  determination  of  volatile  matter. 
The  errors  were  not  appreciated  till  it  was  too  late  to  make  checks. 

Even  the  moisture  determination  may  lead  to  errors  in  the  apparent 
percentage  of  volatile  matter;  P.  L.  Teed  shows  that  in  the  standard 
method  for  moisture  the  loss  from  some  coals  amounts  to  2  per  cent,  more 
than  the  true  moisture.^ 

We  know  that  while  the  volatile  matter  contains  hydrocarbons, 
H  and  CO  (combustibles),  it  also  contains  N,  COj  and  HjO  (non-combus- 
tibles), this  H2O  having  evidently  been  combined  as  part  of  the  coal; 
and  that  the  relative  quantities  of  these  different  substances  differ 
greatly  from  coal  to  coal.  Porter  and  Ovitz  found  the  the  non -combus- 
tible gases  from  several  coals  (not  including  mechanically  absorbed  mois- 
ture), all  treated  in  a  similar  way,  varied  from  1  per  cent,  to  at  least  15  per 
cent,  of  the  total  coal.*  The  ultimate  analyses  made  by  the  government 
bureaus  show  oxygen  content  of  unweathered  bituminous  coals,  after 
reducing  to  an  ash  and  moisture  free  basis,  ranging  from  5  to  17  per  cent. ; 
and  in  samples  taken  near  the  outcrop,  where  weathering  has  occurred, 
this  figure  runs  as  high  as  27  per  cent.*  This  oxygen  not  only  displaces,  so 
to  speak,  an  equal  amount  of  carbon  and  hydrogen,  but  also  renders 
useless,  for  heat  production,  a  considerable  part  of  the  carbon  and  hydro- 
gen that  are  present,  by  being  abeady  combined  with  them.  David 
White  has  shown,  by  examination  of  a  very  large  amount  of  data,  that 
each  per  cent,  of  oxygen  has  the  same  effect  as  1  per  cent,  of  ash  in  reduc- 
ing the  heating  value  shown  by  a  calorimeter.^  The  commercial  value 
is  reduced  in  still  greater  measure,  because  the  gas  resulting  from  this 
oxygen  has  to  be  heated  to  the  furnace  temperature  at  the  expense  of  the 
heat-producing  portion  of  the  coal,  thus  still  further  reducing  the  avail- 
able heat  and  the  margin  above  the  critical  temperature. 


*BuUeiin  No.  104,  InaiUtUion  of  Mining  and  Metallurgy  (May  16,  1913). 
^BuUelin  No,  1,  U.  S.  Bureau  oj  Mines  (1910). 
•BuUeiin  No.  22,  U.  S.  Bureau  of  Mines  (1913). 

"^Bulletin  No.  382,  U.  S.  Geological  Survey  (1909),  reprinted  as  BuOetin  No.  29,  U.  S. 
Bureau  of  Mines, 
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Table.  II. — Reverberatory  Coals  Used  at  Anaconda 


1 

Kind  of  Coal. 

.    Quality  of  Coal 

I 

No. 

Moisture 

Vola- : 
tile    \ 

Fixed 
Carbon 

Ash   , 

29.2 
10.0 

B.t.u.  per 
pound 

1. 

Belt  run  of  mine 

8.5 
8.0 

23.6 
36.6 

38.7 
45.4 

8,180 

2. 

Diamondville  run  of  mine. . 

11,180 

3. 

Belt  run  of  mine 

8.5 
8.0 

23.6 
36.6 

38.7 
45.4 

29.2 
10.0 

8,180 
11,180 

4. 

Diamondville  run  of  mine. . 

5. 

Belt  run  of  mine 

6.7 
11.7 

23.7 
33.5 

38.7 
38.4 

30.9 
16.4 

8,340 
10,140 

6. 

Bear  Creek  nm  of  mine. . . 

7. 

I  Bear  Creek  run  of  mine. . . . 

11.7  .  33.5 

38.4 

16.4 

10,140 

8. 

Diamondville  run  of  mine . . 

6.7 

39.7 

45.3 

8.3 

12,310 

9. 

Bear  Creek  run  of  mine. . . . 

13.8 

37.7 

37.2 

11.3 

10,110 

10. 

Bear  Creek  run  of  mine 

13.1 

39.4 

37.1 

10.4 

10,340 

11. 

Diamondville  run  of  mine . . 

6.9 

41.4 

41.0 

10.7 

11,470 

12. 

Bear  Creek  run  of  mine 

11.2 

36.1 

42.9 

9.8 

10,300 

13. 

Diamondville  run  of  mine . . 

6.4  ,  38.9 

44.4 

10.3 

11,310 

14. 

Bear  Creek  nm  of  mine — 

11.2  '  35.6 

43.7 

9.5 

10,300 

15. 

Diamondville  run  of  mine. . 

6.5 

39.4 

44.9 

9.2 

11,600 

16. 

Bear  Creek  nm  of  mine 

8.9 

35.8 

44.6 

10.7 

10,620 

17. 

Diamondville  run  of  mine . . 

5.2 

38.8 

46.0 

10.0 

11,780 

18. 

Bear  Creek  run  of  mine — 

9.7 

37.1 

43.3 

9.9 

10,700 

19. 

Diamondville  nm  of  mine . . 

6.4 

39.5 

44.2 

9.9 

11,550 

20. 

Roundup  run  of  mine 

13.6 

30.5 

46.2 

9.7 

10,320 

21. 

Diamondville  run  of  mine . . 

6.4 

37.5 

44.7 

11.4 

11,440 

22. 

Roundup  run  of  mine 

13.3 

31.2 

45.3 

10.2 

10,420 

23. 

Diamondville  run  of  mine. . 

5.8 

36.9 

47.6 

9.7 

11,780 

24. 

Roundup  run  of  mine 

12.5 

30.6 

45.9 

11.0 

10,620 

25. 

Diamondville  run  of  mine . . 

5.3 

38.5 

45.7 

10.5 

11,460 

26. 

Roundup  run  of  mine 

13.0     31.8 

45.1 

10.1 

10,300 

27. 

Diamondville  run  of  mine . . 

9.1      36.2 

45.0 

9.7 

11,820 

28. 

Bear  Creek  lump  and  Dia- 

B.C. 9.7  '■  35.1 

45.8 

9.4 

11,010 

mondville  mine  run 

Dia.  6.7  ,  37.1 

44.1 

12.1 

11,390 

Total.... 7. 6 

36.5 

44.6 

11.3 

11,270 

29. 

Diamondville 

6.7 
6.4 

37.1 
39.2 

44.1 
46.4 

12.1 
8.0 

11,390 

30. 

Diamondville  lump 

12,310 

31. 

Roundup  lump 

A 17.3 

31.6 

43.1 

8.0 

10,500 

B 19.7 

31.2 

41.8 

7.3 

10,320 

C 18.4 

30.8 

43.3 

7.5 

10,440 

In  most  bituminous  coal  there  is  about  5  per  cent,  of  hydrogen  (on 
the  moisture -free  basis),  which  of  course  burns  to  water,  and  this  water 
must  be  considered  when  interpreting  reports  on  the  heating  value. 
Laboratory  determinations  of  heating  value  are  made  with  this  water 
condensed  to  liquid;  but  in  actual  use  it  passes  away  as  gas,  and  the  error 
in  the  reported  heat  units  amounts  to  about  500  B.t.u.  per  pound  of  dry 
coal. 
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Manufacturers  of  illuminating  gas  find  that  the  relative  quantities 
of  the  different  hydrocarbon  gases  and  of  the  different  tar-like  substances 
volatilized  from  coal  vary  greatly  at  different  temperatures  with  any 
particular  coal,  as  well  as  from  one  coal  to  another:  moderate  tempera- 
tures yielding  large  quantities  of  the  heavier  products,  while  very  high 
temperatures  yield  more  of  the  lighter  products.  The  lighter  gases 
burn  with  a  clear  blue  flame,  while  the  heavier  products  burn  with  a  more 
or  less  opaque  yellow  or  white  flame  due  to  the  incandescence  of  solid 
particles.  All  experience  shows  that  this  latter  kind  of  flame  is  one  of  the 
chief  essentials  for  successful  reverberatory  work,  a  very  large  part  of  the 
heat  utilized  by  the  charge  being  received  by  direct  radiation  from  these 
highly  incandescent  particles.  The  trouble  with  a  clear  flame  is  that 
comparatively  little  of  the  hot  gas  comes  in  contact  with  the  charge,  to 
permit  the  direct  absorption  of  heat;  and  not  much  of  it  comes  in  contact 
with  the  roof  and  walls,  and  so  they  receive  comparatively  little  heat  to 
radiate  on  to  the  charge;  but  the  suspended  incandescent  particles  have 
an  immense  surface  per  pound,  from  which  they  radiate  a  good  deal  of 
their  heat  to.  the  charge.  They  also  undoubtedly  absorb  some  of  the 
heat  developed  from  the  lighter  gases  and  then  radiate  that  to  the  charge 
also.  With  a  good  flame,  the  total  surface  of  the  incandescent  particles 
in  the  furnace  at  any  moment  is  far  in  excess  of  the  entire  surface  of  the 
roof  and  walls.  The  effect  of  this  is  like  increasing  the  flow  from  a  water 
reservoir,  when  a  fire  is  to  be  extinguished,  by  multiplying  the  number 
of  streams,  and  thereby  greatly  increasing  the  eflBlciency  of  action.  This 
statement  supplements  the  argument  in  regards  to  the  ''margin  of  tem- 
perature^'  on  pp.  1847  and  1848.  Two  cases  have  already  been  cited  in 
which  a  lack  of  incandescent  flame  was  largely  responsible  for  complete 
failure  to  do  any  smelting  (Belt  and  Bear  Creek  coals).  Another  striking 
experience  with  this  principle  was  had  with  the  Bruckner  roasters  at  the 
old  works,  in  which  Belt  coal  gave  very  little  flame  at  the  fire-box  end, 
and  none  at  all  at  the  other  end  even  with  forced  draft.  In  order  to  get 
results  it  was  necessary  to  drive  the  fire  hard,  which  produced  such  a 
high  temperature  at  the  fire-box  end  that  there  was  more  or  less  trouble 
from  sintering,  while  the  charge  never  got  hot  enough  at  the  other  end 
to  roast  satisfactorily.  With  Diamondville  coal  this  trouble  did  not 
exist.  It  should  be  noted  that  an  excessively  dense  (smoky)  flame  is  to 
be  avoided,  for  two  reasons:  first,  there  is  increased  difficulty  in  supply- 
ing and  mixing  enough  air  for  combustion;  and  second,  it  is  almost  certain 
that,  in  such  a  dense  cloud,  the  heat  radiated  from  most  of  the  incandes- 
cent particles  is  obstructed  and  the  charge  not  efficiently  heated. 

In  order  to  get  this  luminous  flame,  even  with  good  coal,  a  fairly  thick 
fuel  bed  must  be  maintained  on  the  grate;  so  that  the  condition  is  approxi- 
mated in  which  just  enough  air  comes  through  the  grate  to  burn  the  fixed 
carbon  to  CO,  while  the  rest  of  the  air  is  admitted  through  adjustable 
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checker  holes  above  the  bridge  wall.  The  large  hearth  forms  nearly  the 
ideal  combustion  chamber  demanded  by  these  conditions.  In  boiler 
practice  it  is  rather  unusual  to  have  more  than  an  8-in.  fuel  bed;  but  in 
large  reverberatories  with  l|-in.  draft  in  the  flue  a  24-in.  bed  is  more 
or  less  standard  for  good  coal  containing  only  a  moderate  percentage  of 
fines.  With  coals  that  do  not  flame  well  under  natural  draft  there  is 
often  a  marked  improvement  by  using  forced  draft.  The  latter  so  in- 
creases the  temperature  in  the  fire  box  as  to  drive  off  more  volatile  matter. 
This  is  illustrated  by  the  experiences  with  Belt,  Bear  Creek,  and  Roundup 
coals,  all  of  which  did  better  smelting  with  forced  than  with  natural  draft. 

Percentage  of  Fines 

In  ordinary  boiler  practice,  the  equipment  can  be  so  designed  and  used 
as  to  get  reasonably  good  eflSciency  with  any  coal  that  is  fit  to  be  so  called, 
although  good  coal  is  much  more  satisfactory  than  poor,  and  is  likely  to 
be  more  economical;  but  in  reverberatory  smelting  there  are  much  nar- 
rower limitations.  The  chemical  properties  have  been  indicated  as  the 
most  important  of  these;  but  experience  proves  that  the  range  of  size  is 
also  very  important.  On  account  of  conditions  that  the  Anaconda  Co. 
could  not  control,  the  quality  of  coal  received  from  Diamondville  became 
worse  several  years  ago,  the  chief  diflBiculty  being  that  it  was  necessary 
to  mine  a  soft  coal,  which  crumbles  badly  and  yields  a  large  percentage 
of  fines.  Our  standard  furnace  results,  with  only  a  moderate  proportion 
of  fines,  consist  in  burning  60  tons  of  coal  per  24  hr.  and  smelting  270  tons 
of  charge  (ratio  4.6) ;  80  to  85  per  cent,  of  the  charge  being  hot  calcine, 
and  the  rest  flue  dust,  which  is  harder  to  smelt  than  calcine.  The  poor 
coal  dropped  the  results  to  240  tons  smelted  with  60  tons  of  coal  (ratio 
4.0).  The  coal  at  this  time  contained  only  about  40  per  cent,  coarser 
than  f  in.  as  against  60  to  75  per  cent,  coarser  than  this  size  when  get- 
ting normal  results.  A  test  of  Diamondville  lump,  which  probably  con- 
tained 80  per  cent,  or  more  coarser  than  J  in.,  smelted  328  tons  of  cal- 
cine and  flue  dust  with  63  tons  of  coal  (ratio  5.2).  (Trial  30  in  Table  I). 
Comparing  ratios,  this  lump  coal  yielded  30  per  cent,  better  results  than 
the  poor  mine  run,  and  15  per  cent,  better  than  good  mine  run.  Another 
test,  with  one-third  Bear  Creek  lump  and  two-thirds  of  the  poor  Diamond- 
ville mine  run,  smelted  248  tons  with  62  tons  of  the  mixed  coal  (ratio  4.0) ; 
but  a  parallel  test  with  the  Diamondville  alone  smelted  254  tons  with  59 
tons  of  coal  (ratio  4.3).  (See  trials  28  and  29.)  The  best  result  in  three 
days'  test  of  Roundup  lump  was  263  tons  of  calcine  (no  flue  dust)  smelted 
with  79  tons  of  coal  (ratio  3.3).  (T/ial  31  C.)  Comparing  the  ratio  and 
"efficiency"  columns  of  trials  20  and  31  C,  the  Roundup  lump  gave  40 
per  cent,  better  results  than  Roundup  run  of  mine  under  similar  con- 
ditions. 
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The  three  sets  of  results  ander  trial  31  in  the  table  show  the  need 
for  the  furnace  men  to  learn  by  experience  how  best  to  handle  each  coal : 
there  was  a  marked  improvement  each  succeeding  day,  but  we  considered 
that  the  third  day's  result  was  the  best  that  could  be  had  with  this  coal. 
The  shipment  was  not  large  enough  for  more  than  the  three  days'  run;  but 
in  the  other  trials  here  recorded  the  preliminary  experimenting  was  done 
before  official  testing  was  undertaken. 

Neither  the  Bear  Creek  lump  nor  the  Roundup  lump  is  as  economical 
as  Diamondville  run  of  mine.  The  Diamondville  lump,  however,  is 
more  economical;  but,  unfortunately,  it  cannot  be  supplied  in  sufficient 
quantity. 

It  may  be  stated  that  no  coal  larger  than  7  or  8  in.  ever  goes  into  the 
fire  box. 

A  coal  sized  anything  like  as  closely  as  the  regular  commercial  sizes 
of  anthracite  would  probably  give  very  poor  results,  because  there  would 
be  such  a  free  passage  of  air  through  the  mass  that  the  volatile  matter 
would  largely  burn  before  it  reached  the  hearth. 

The  reduced  efficiency  and  increased  cost  resulting  from  a  large  per- 
centage of  fine  coal  are  due  to  three  considerations.  First,  the  fresh  supply 
of  fine  coal  temporarily  smothers  the  fire,  thereby  lessening  the  amount 
of  air  that  can  be  drawn  through;  while  the  greater  surface  exposed  per 
pound  of  fine  than  per  pound  of  lump  coal  permits  a  sudden  evolution 
of  more  volatile  matter  than  can  be  burned  by  the  available  air  supply, 
so  that  considerable  fuel  passes  into  the  flue  unconsumed;  and  to  adjust 
the  air  supply  through  the  checker  work  above  the  bridge  is  quite  im- 
practicable. Second,  it  is  next  to  impossible  to  prevent  a  large  loss  of 
the  fine  coal  through  the  grate.  This  loss  at  Anaconda  is  25  to  30  per 
cent,  of  the  coal  when  there  is  the  excessive  percentage  of  fines  or  an 
insufficient  clinker  bed,  but  only  12  or  16  per  cent,  under  normally  favor- 
able conditions.  Third,  this  dropping  of  fines  is  likely  to  leave  large 
holes  in  the  fuel  bed  for  some  time;  but,  as  this  condition  does  not  occur 
till  later  than  the  excessive  distillation  of  volatile  matter,  a  good  deal 
of  unnecessary  air  enters  and  lowers  the  furnace  temperature. 

We  are  satisfied  that  the  best  solution  of  this  question  of  fines  is  to 
pulverize  all  the  coal  and  burn  it  by  blowing  it  directly  into  the  hearth 
of  the  furnace.  Used  in  this  way,  all  of  the  fixed  carbon,  and  even  the 
ash,  as  well  as  the  heavy  volatile  hydrocarbons,  supply  incandescent 
surfaces  for  radiation  of  heat  to  the  charge;  there  is  absolutely  no  ash-pit 
loss;  and  the  conditions  are  so  uniform  that  the  air  supply  can  be  adjusted 
to  a  nicety,  with  the  assurance  that  there  will  be  no  decided  shortage  of 
air  at  one  time  and  a  considerable  excess  soon  after.  Moreover,  there 
will  be  used  only  the  minimum  excess  of  air,  so  that  a  much  greater 
''margin  of  temperature"  will  be  attained.     The  extremely  successful 
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results  of  this  method  at  the  Canadian  Copper  Co.'s  plant,  to- 
gether with  the  results  at  several  steel  plants,  are  so  encouraging  that 
the  Anaconda  Co.  is  preparing  to  give  it  a  thorough  trial.  The  condi* 
tions  necessary  to  success  are  much  better  understood  than  they  were  a 
few  years  ago,  and  we  expect  that  there  will  be  no  commercially  insur- 
mountable difSculties. 

Moisture 

This  is  an  impurity,  which  nobody  wishes  to  pay  for,  and  which  re- 
quires heat  to  evaporate.  Six  per  cent,  of  moisture  in  a  pound  of  coal 
absorbs  120  B.t.u.  in  evaporating  and  being  raised  to  the  temperature 
of  the  reverberatory  hearth;  and  in  the  case  of  Diamondville  coal,  burned 
in  our  large  furnaces,  reduces  the  temperature  to  2,800**  F.  when  it  would 
otherwise  be  2,825**  F. ;  a  reduction  of  the  margin  above  the  critical  tem- 
perature that  probably  reduces  the  capacity  and  economy  by  at  least 
3  per  cent. 

Ash  and  Clinker 

Ash,  like  moisture,  reduces  the  heat  units  per  pound  of  coal,  and  yet 
it  has  a  distinct  value:  with  a  great  many  coals  the  loss  through  the  grate 
would  be  excessive  if  there  was  not  a  bed  of  clinker.  In  some  cases, 
however,  the  ash  clinkers  so  badly  as  to  seriously  clog  the  grate  and  inter- 
fere with  combustion.  This  was  the  case  with  Diamondville  coal  when 
it  was  used  under  forced  draft  in  50-ft.  furnaces  at  Anaconda.  The 
average  treatment  of  calcine,  flue  dust,  and  added  lime  rock,  with  forced 
draft,  was  104  tons  per  24  hr.,  while  using  44  tons  of  coal  (ratio  2.4) ;  but 
with  natural  draft  it  was  144  tons  of  similar  charge,  using  46  tons  of  coal 
(ratios.  1)  ;an  increase  of  30  percent,  in  eflBiciency.  A  little  of  this  increase 
was  due  to  certain  changes  in  furnace  design;  but,  as  intimated,  most  of 
it  resulted  from  the  adoption  of  natural  draft.  The  most  important 
change  in  design  was,  in  fact,  a  58  per  cent,  increase  in  the  grate  area 
(from  53.3  sq.  ft.  to  84  sq.  ft.)  to  suit  the  requirements  of  the  coal  under 
natural  draft.  With  forced  draft  there  was  a  tremendous  volume  of 
dense  flame  for  some  time  after  the  grate  was  cleaned;  so  much,  in  fact, 
that  a  good  deal  of  fuel  passed  away  unburned.  This  excessive  flaming 
was  due  to  the  high  temperature  in  the  fuel  bed,  caused  by  the  intense 
forced-draft  combustion;  but  this  high  temperature  gradually  covered 
the  grate  with  a  dense  clinker,  so  that  the  passage  of  air  was  much  reduced 
and  there  was  practically  no  flame  in  the  furnace.  The  blast  had  to  be 
shut  off  every  4  hr.  to  clean  the  grate.  An  attempt  to  improve  matters 
by  introducing  steam  with  the  blast  failed  to  help  much,  though  with  Belt 
coal  steam  was  of  marked  benefit  in  reducing  clinker  troubles.  A  large 
percentage  of  ash  prevents  eflBlcient  contact  of  air  with  the  fuel  in  the  fire 
box,  unless  there  is  a  very  deep  bed.     When  using  Belt  coal  (25  to  30 
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per  cent,  ash)  with  natural  draft  and  only  a  24-in.  bed,  it  is  altogether 
probable  that  there  was  a  large  excess  of  oxygen  in  the  hearth  (though  we 
have  no  gas  analyses  to  confirm  it),  for  a  good  deal  of  the  air  passing 
through  the  bed  would  come  in  contact  with  very  little  except  ash. 
There  was  not  enough  volatile  combustible  to  utilize  this  extra  air  (the 
ratio  of  volatile  matter  to  fixed  carbon  is  low  in  this  coal),  which  therefore 
acted  to  cool  the  hearth.  With  the  deep-bed  gas-producer  conditions 
this  excess  air  could  not  pass  through.  We  have  gas  analyses  to  prove 
this. 

The  essence  of  the  clinkering  problem  is,  like  that  of  the  slag  problem, 
the  question  of  fusibility;  but  it  is  seldom  possible  to  predici  from  anal- 
ysis of  the  ash  what  will  be  the  qualities  or  the  clinker,  or  even  whether 
it  will  or  will  not  clinker.  For  example,  there  are  decided  variations 
in  the  four  following  analyses  of  Diamondville  ash,  yet  the  clinkering 
qualities  are  practically  constant. 

SiOs  FesOi        AlsOi          CaO          MgO       Alkalies         SOi 

Per  Cent.  Per  Cent.  Per  Cent.  Per  Cent.  Per  Cent.  Per  Cent.  Per  Cent. 

37.5  6.8          23.6          16.6             2.0            6,3            6.0 

50.3  7.4          25.4            9.4 

51.9  7.0          21.6          12.3 

60.0  9.6          19.6            7.4 

It  of  ten  happens  Ihat  there  are  great  variations  in  clinkering  proper- 
ties of  different  portions  of  the  ash;  yet  if  one  portion  is  easily  fusible, 
at  the  temperature  to  which  it  is  subjected  after  the  fuel  is  largely  burned 
away  from  it,  it  is  quite  certain  to  surround  other  portions,  so  that  they 
contribute  to  the  volume  of  clinker  though  they  have  not  fused.  The 
most  satisfactory  investigations  of  the  clinker  problem  seem  to  be  those 
made  by  E.  G.  Bailey.*  He  shows  the  present  hopelessness  of  judging 
anything  from  analyses;  but  has  adopted  a  laboratory  fusion  test  of  the 
average  ash,  and  says: 

"Even  if  the  ash  is  made  of  a  mixture  of  high  and  low  fusing  temperature  material 
and  if  only  that  having  a  fusing  temperature  helow  that  of  the  fuel  hed  is  melted  into  a 
clinker,  there  will  be  a  greater  percentage  of  such  ash  fused  into  a  clinker  from  a  coal 
having  a  low  average  fusing  temperature  than  from  a  coal  having  a  high  average  fusing 
temperature.  In  actual  practical  tests  it  has  been  found  that  the  percentage  of  ash 
which  is  formed  into  clinker  as  well  as  the  obstructed  grate  area  per  pound  of  clinker 
hold  a  close  relation  to  the  fusing  temperature  of  the  ash  from  different  coals  when 
burned  under  similar  conditions." 

He  shows  plots  of  some  results  which  indicate  that,  with  good  average 
conditions  on  steam-boiler  grates,  less  than  25  per  cent,  of  the  total  ash 
clinkers  if  its  average  fusion  temperature  is  2,500®  F.  or  higher;  but  the 
proportion  of  clinker  rapidly  increases  to  60.  per  cent,  as  the  average 
fusion  temperature  falls  to  2,300°  F. 


•Ohio  Society  of  Mechanical,  Electrical  and  Steam  Engineers,  Nov.  18,  1911;  and 
Bulletin  No.  5,  Fuel  Testing  Co.,  Boston. 
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Description  and  Discussion  op  Coals  Used 

The  Diamondville  run  of  mine  is  decidedly  the  most  economical  of 
all  the  coals  we  have  used,  though  it  costs,  delivered  to  the  furnaces,  from 
one-eighth  to  one-half  more  than  any  of  the  others  except  Rock  Springs. 
This  is  because  it  is  much  the  most  efficient.  It  is  a  long-flame  bitumin- 
ous coal  from  which,  in  a  properly  designed  furnace,  with  natural  draft, 
the  volatile  combustible  matter  is  distilled  in  just  about  the  same  length 
of  time  that  the  fixed  carbon  is  burning  in  the  fire  box;  keeping  the  entire 
furnace  nicely  filled  with  actively  burning  flame  about  half  the  time,  and 
a  very  considerable  amount  of  flame  all  the  time.  The  distillation  is 
rapid  enough  to  produce  a  high  temperature  near  the  bridge,  where  the 
ore  is  charged,  yet  slow  enough  for  the  gases  to  give  up  a  reasonable  pro- 
portion of  their  heat  before  passing  into  the  flue.  The  normal  furnace 
results  consist  in  smelting  270  tons  of  hot  calcine  and  flue  dust  per  24  hr., 
while  using  60  tons  of  this  coal.  The  temperature  of  the  gases  averages 
2,800°  F.  just  beyond  the  bridge,  while  the  formation  temperature  of  the 
slag  is  about  2,000°  F.  The  freezing  temperature  of  the  slag,  after  it  is 
formed,  is  possibly  not  over  1,800°  F.,  but  it  has  an  actual  temperature 
of  nearly  2,100°  F.  as  it  runs  out  of  the  flue  end  of  the  furnace.  The 
gases  enter  the  flue  at  an  average  of  2,200°  F.  These  conditions  guaran- 
tee good  settlement  of  the  matte,  and  easy  skimming  of  the  slag. 

With  good  natural  draft  the  Diamondville  ash  forms  a  clinker  of 
moderate  hardness,  which  is  barred  out  without  much  trouble,  and  at  the 
same  time  maintains  an  excellent  fuel  bed  and  keeps  the  total  loss  of  fuel, 
through  the  grate,  down  to  12  or  15  per  cent,  when  there  is  not  an  excess- 
ive amount  of  fines  in  the  coal  received.  Most  of  this  loss  occurs  at  the 
time  of  grating.  With  forced  draft,  however,  the  clinker  is  so  hard  and 
tough,  and  forms  in  such  large  masses,  as  to  require  excessive  labor  in 
cleaning  the  grates.  It  is  thus  seen  that,  with  natural  draft,  Diamondville 
approaches  the  ideal  coal  for  smelting;  and  in  fact  it  has  the  reputation 
of  being  one  of  the  best  coals  available  in  the  Rocky  Mountain  region 
for  this  purpose. 

Belt  is  a  bituminous  coal,  containing  a  good  deal  of  carbonaceous 
shale  and  considerable  iron  pyrite,  the  25  and  30  per  cent,  of  ash  in  the 
mine  run  being  a  serious  source  of  difficulty  and  inefficiency  in  its  use. 
With  moderate  fire-box  temperatures  the  ash  does  not  clinker,  but  re- 
mains to  a  large  extent  in  lumps;  yet  with  the  intense  fire-box  combustion 
accompanying  forced  draft,  and  sometimes  with  strong  natural  draft,  it 
clinkers  seriously  unless  steam  is  used  beneath  the  grate.  It  ordinarily 
gives  but  very  little  good  flame  unless  the  temperature  in  the  fuel  bed  is 
greatly  increased,  by  means  of  forced  draft,  and  even  then  the  flame  is 
far  from  ideal.  Not  only  is  the  percentage  of  volatile  matter  low,  but  its 
ratio  to  fixed  carbon  is  also  low.     When  used  in  our  regular  fire  box  with 
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natural  draft  it  will  do  no  smelting;  and  even  with  the  immense  gas-pro- 
ducing fire  box  the  temperature  a  little  beyond  the  bridge  was  only 
2,500°  to  2,600°  as  compared  to  2,800°  from  Diamondville  coal  used  in  the 
regular  fire  box;  but  there  were  very  large  volumes  of  this  lower-tempera- 
ture gas,  because  of  the  great  quantity  of  coal  consumed. 

Bear  Creek  is  a  sub-bituminous  coal  (between  good  bituminous  and 
lignite).  It  flames  sufficiently  to  smelt*  with  natural  draft  on  a  normal- 
sized  grate;  but  gives  a  better  flame  and  more  efficient  smelting  with 
forced  draft.  Under  any  conditions  it  flames,  after  fresh  firing,  only  a 
quarter  to  a  half  as  long  a  time  as  Diamondville,  and  so  requires  more 
frequent  firing.  With  natural  draft  it  produces  a  temperature  just  be- 
yond the  bridge  150°  to  200°  F.  lower  than  Diamondville;  and  with  forced 
draft  it  is  100°  F.  lower  than  Diamondville.  It  appears  to  deteriorate 
in  heating  value  rather  fast  after  mining,  but  does  not  slack  seriously. 
It  does  not  clinker  much  under  either  natural  or  forced  dr'^ft;  and,  for 
that  reason,  is  subject  to  a  25  per  cent,  fuel  loss  through  the  grate. 

Roundup  is  also  a  sub-bituminous  coal.  It  flames  similarly  to  Bear 
Creek  and  gives  about  the  same  furnace  temperatures.  It  slacks  some- 
what rapidly  on  exposure.  Its  ash  clinkers  somewhat  more  than  Bear 
Creek,  but  not  as  much  as  Diamondville;  and  consequently  suffers  an 
intermediate  fuel  loss  into  the  ash  pit. 

It  seems  reasonable  to  suppose  that,  after  removing  moisture,  the 
higher  the  ratio  of  hydrogen  to  carbon  the  larger  will  be  the  proportion 
of  total  combustible  that  will  be  given  off  in  the  volatile  form  and  serve 
to  produce  flame  in  the  hearth;  other  conditions,  of  course,  being  the  same. 
On  the  other  hand,  flaming  is  in  all  probability  reduced  the  higher  the 
ratio  of  oxygen  to  total  combustible.  If  these  two  statements  are  true, 
then  the  relation  between  the  first  of  these  ratios  and  the  second  is  one 
indicator  as  to  the  value  of  coals  for  smelting.  The  following  figures  are 
derived  from  average  ultimate  analyses  of  certain  of  the  coals  discussed 
in  this  paper.  These  analyses  are  taken  from  Bulletin  No.  22  of  the 
U.  S.  Bureau  of  Mines  (samples  from  near  the  surface  of  mine  workings 
being  omitted);  and  the  relation  just  mentioned  is  shown  in  the  last 
column.* 

12  3  4  5  Ratio  of 

Ck)lumn  4 

%         H           C             O           -Q       H~-f  C  ^1^^"*  5 
Per  Cent.  Per  Cent.  Per  Cent. 

Diamondville 6.33      76.89       11.16      0.069    0.14  0.49 

Rock  Springs 4.96      74.28       13.72      0.067    0.17  0.39 

Bear  Creek 4.94      66.78      14.04      0.074    0.20  0.37 

Belt 3.64      61.23       11.50      0.059    0.18  0.33 

For  these  four  coals  the  numbers  in  the  last  column  stand  in  the  same 
order  as  the  normal  smelting  efficiencies  that  can  be  obtained  with  any 

•The  BuUeiin  gives  no  ultimate  analyses  of  Roundup  coal.  IqIc 
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ordinary  provision  short  of  the  elaborate  and  expensive  gas-producing 
fire  box  that  was  used  for  Belt. 


Other  Important  Factors 

Of  the  factors  other  than  iuel,  the  one  that  requires  most  careful 
attention  is  proper  fluxing  of  the  charges:  and  this  means,  not  merely 
that  a  day's  average  sample  shall  have  a  suitable  analysis,  but  that  each 
individual  charge  shall  have  such  composition  as  to  yield  a  readily  fusible 
and  fluid  slag,  of  low  specific  gravity;  it  also  means  that  the  speed  of 
smelting  depends  on  how  intimately  the  various  constituents  of  each 
charge  are  mixed.  From  the  following  facts  it  is  clear  that  these  condi- 
tions are  not  always  attained.  In  December,  1903,  Mr.  Mathewson 
changed  the  practice  of  adding  a  small  proportion  of  lime  rock  flux 
directly  to  the  reverberatories,  without  any  special  mixing  with  the  rest 
of  the  charge,  to  mixing  it,  with  some  regularity,  with  the  concentrates 
and  fine  ore  fed  to  the  roasters.  The  result  was  to  increase  the  reverbera- 
tory  performance  from  144  tons  smelted  with  46  tons  of  coal  (ratio  3.1) 
to  163  tons  smelted  with  48  tons  (ratio  3.4).  The  most  striking  example 
we  have  had  of  the  effect  of  poor  fluxing  came  when  a  charge  of  calcine 
failed  to  smelt  in  three  times  the  usual  1  hr.  and  20  min.,  though  the  entire 
contents  of  the  hearth  got  so  hot  that  the  matte  pool  "boiled"  (gave  off 
sulphur)  at  the  end  of  the  4  hr.,  and  frothed  considerable  of  the  accumu- 
lated slag  out  of  the  furnace.  It  is,  of  course,  understood  that  any  ap- 
proach to  such  poor  results  is  not  at  all  common. 

Preheating  the  Charge 

It  is  well  known  that  the  capacity  and  economy  of  a  furnace  are  very 
much  decreased  if  the  hot  calcine  from  the  roasters  is  allowed  to  cool 
before  smelting.  At  Argo,  Colo.,  a  23  per  cent,  increase  in  capacity  was 
obtained,  with  no-  increase  of  fuel  consumption,  by  charging  the  hot 
calcine  directly  to  the  reverberatory  instead  of  allowing  an  intermediate 
cooling.  The  calcine  made  up  only  one-half  of  the  charge,  the  other 
half  continuing  to  be  cold  ore.  ^°  At  Anaconda  the  calcine  enters  the 
reverberatories  at  a  temperature  of  900^  F. ;  and  most  of  the  flue  dust  is 
thoroughly  hot. 

Preheating  the  Air 

Various  attempts  to  save  money  by  preheating  the  air  for  copper 
blast  furnaces  have  been  abandoned,  though  the  fuel  efficiency  of  the 
furnaces  themselves  was  much  increased  when  the  air  was  raised  to  700^ 

'^Petere's  Modem  Capper  SmelHng,  p.  446. 
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or  800®  F.  There  have  been  two  reasons  for  the  commercial  failure: 
first;  the  cost  of  the  extraneous  fuel  used  to  do  the  heating;  second,  the 
cost  for  much  extra  power  to  force  the  blast  through  the  small  and  tortu- 
ous passages  of  the  heating  devices.  Both  of  these  troubles  can  be  over- 
come for  reverberatory  work.  The  first  step  is  to  use  the  waste  heat  from 
the  furnaces,  instead  of  extra  fuel.  The  gas  comes  away  from  these 
furnaces  at  a  much  higher  temperature  than  from  blast  furnaces,  and 
there  is  not  the  frequent  inrush  of  large  volumes  of  cold  air  such  as  occurs 
through  the  charge  doors  of  the  blast  furnaces.  In  the  few  cases  where 
preheated  air  has  been  used  in  reverberatories  for  copper  smelting,  natural 
draft  and  efficient  heating  devices  have  been  utilized.  The  gas-fired 
furnaces  at  Great  Falls  have  always  had  the  checker  work  of  the  open- 
hearth  steel  furnace.  The  Peyton  Chemical  Works,  near  Martinez,  Cal, 
heated  the  air  for  an  oil-fired  furnace  in  open  flues,  without  checker  work 
but  with  several  turns  purposely  introduced.  With  hot  air  (varying  from 
750°  to  1,830®  F.)  their  furnace  capacity  was  60  per  cent,  greater  than  with 
cold  air.  It  is  easier  and  cheaper  to  remove  dust  from  these  open  flues 
than  from  the  checker  work.^^ 

Producing  Steam  with  Waste  Heat 

Since  the  practice  of  utilizing  the  flue  gases  to  generate  steam  was 
adopted  at  Anaconda  it  has  also  been  put  into  effect  at  several  other  large 
plants.  At  Anaconda  about  25  per  cent,  of  the  heating  value  of  the  total 
coal  is  thus  made  effective;  while  only  15  per  cent,  of  this  value  is  actually 
utilized  for  smelting.  This  steam  from  the  eight  furnaces  generates 
30  per  cent,  of  the  16,700  mechanical  horse  power  used  in  the  entire  con- 
centrating and  smelting  plant. 

Boilers  for  this  service  must  be  arranged  for  the  gases  to  pass  through 
in  a  straight  line,  and  with  plenty  of  passage  area,  in  order  not  to  affect 
the  draft.  With  the  several  changes  of  direction  found  in  ordinary  boiler 
practice  the  smelting  capacity  is  seriously  reduced;  so  much,  in  fact,  as 
to  affect  the  profits  much  more  than  the  money  value  of  all  the  steam. 

For  a  good  deal  of  information  and  suggestion,  the  writer  is  indebted 
to  W.  M.  Kelly,  general  smelter  foreman;  F.  W.  C.  Whyte,  manager  of 
coal  mines;  and  especially  to  Edward  O'Brien,  general  reverberatory 
foreman. 


"  Fred  A.  Leas:  Engineering  and  Mining  Journal,  vol.  Ixxxvi,  No.  19,  p.  898  (Nov. 
7, 1908). 
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TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  revision) 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ahould  prafersbly  be  preaentod  in  penon  at  the 
Salt  Lake  meeting  Ausust,  1914,  when  an  abetraot  of  the  paper  will  be  read.  If  this  is  impoaaible, 
then  disouBsion  in  wiitin|  ma^  be  sent  to  the  Editor,  American  Institute  of  Mining  Ensineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  artmngement  is  made,  the  discussion  of  this  paper  wiU  close  Oct.  1,  1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  International  Lead  Refining  Plant 


BY   G.    P.    HUI^T,    BAST   CmCAGO,    IND. 
(Salt  Lake  Meeting,  August,  1914) 

The  Parkes  process  lead  refinery  of  the  International  Lead  Refining  Co., 
at  East  Chicago,  was  built  by  the  International  Smelting  &  Refining  Co. 
to  treat  the  lead  bullion  produced  by  its  Tooele  plant,  at  Tooele,  Utah. 
The  plant  was  designed  and  constructed  under  the  direction  of  the  writer. 
Ground  was  broken  Apr.  16,  1912,  and  exactly  six  months  later  the  plant 
was  in  operation  and  lead  was  being  cast.     The  capacity  of  the  plant, 


Fig.  1. — Cbobs-Sbction  through  Main  Battbbt. 

running  25  days  per  month,  is  6,000  tons.  The  four  products^^of 
the  plant  are  common  lead,  corroding  lead,  antimonial  lead,  and  Dor6 
bullion. 

The  site  is  an  area,  64  acres  in  extent,  lying  north  of  ISlst  Street, 
between  McCook  Avenue  and  the  Canal.  The  Indiana  Harbor  Belt 
Railroad,  Baltimore  &  Ohio  Chicago  Terminal,  and  Pennsylvania  Rail- 
road enter  the  yard  at  the  plant.  There  are  five  storage  tracks  and 
space  for  storings  100  cars  in  the  yard.  The  main  lead  to  the  storage 
tracks  passes  over  a  100-ton  track  scale  on  entering  the  yard. 
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The  plant  is  so  arranged  that  all  the  principal  operations  are  performed 
in  one  main  building.  This  is  a  steel  and  concrete  structure,  480  by  180 
by  50  ft.,  whose  various  levels  are  shown  in  section  in  Fig.  1.  Three 
broad-gauge  railway  tracks  enter  the  building,  and  two  15-ton  electric 
cranes,  one  28  ft.  and  one  77  ft.  span,  travel  the  entire  length.  These 
cranes  serve  all  departments  and  greatly  facilitate  the  handling  of 
material. 

The  main  battery  consists  of  the  following  apparatus: 

Capacity 
Tons 

Two  sample  kettles 46 

Two  liquating  kettles 60 

Two  softening  furnaces  (inside  dimensions,  13  ft.  6  in.  by 

28  ft.  2  in.  by  31  ft.  2  in.  deep) 300 

Two  desilverizing  kettles 100 

One  refining  furnace 300 

One  molding  furnace 200 

The  arrangement  is  such  that  the  lead  flows  by  gravity  from  one  piece 
of  apparatus  to  the  next  and  is  finally  hand-molded  and  loaded  by  trucks 
into  cars. 

For  the  treatment  of  by-products  resulting  from  the  main  refining 
operations,  the  following  equipment  is  provided: 

Capacity 
Three  residue  furnaces,  each  8  by  16  ft.  by  20  in.  deep  (inside 

measurement) 30  tons  each 

Two  circular  blast  furnaces,  each  42  in.  in  diameter  at  tuyeres  by 

14  ft.  high,  with  five  3-in.  tuydres 40  tons  each 

Eight  retort  furnaces 1,300  lb.  each 

Two  tilting  cupels,  Rhodes  type 5  tons  each 

Common  lead  is  further  refined  to  yield  a  product  suitable  for  corrod- 
ing by  the  Hulst  improved  crystallizing  process.  The  equipment  of  this 
department  consists  of  the  following: 

Capacity 

Two  crystaUising  kettles : . . .  60  tons 

Four  heating  kettles 20  tons 

One  press. 

Gases  from  the  cupel,  residue,  and  blast  furnaces  are  conducted 
through  brick  and  steel  flues  to  a  single  bag  house.  The  bag  house  is  a 
building  of  brick  and  steel,  50  by  66  by  50  ft.  The  interior  is  divided  into 
four  separate  chambers,  each  containing  144  woolen  bags,  18  in.  in  diam- 
eter and  30  ft.  long.  The  bags  are  shaken  by  an  electric-driven  auto- 
matic shaking  device.  The  gases  are  delivered  to  the  bag  house  by  an 
8-ft.  American  Blower  Co.  fan,  driven  by  a  35-h.p.  motor. 
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Steam,  for  use  in  the  softening  and  refining  furnaces,  and  for  operating 
the  air  compressor,  is  furnished  by  two  90-h.p.  Hawkes  boilers.  Electric 
power  for  all  operations  is  purchased  from  the  Northern  Indiana  Gas  & 
Electric  Co.  Water  is  obtained  from  the  city  mains,  which  supply  a 
50,000-gal.  tank  elevated  50  ft.  Waste  water  is  returned  to  a  100,000- 
gal.  sump  tank  and  is  pumped  to  the  elevated  tank. 

The  change  house  is  a  brick  building,  36  by  86  ft.  It  is  equipped  with 
sanitary  toilets,  wash  basins  and  lockers.  One  room  is  arranged  as  a 
lunch  room  for  the  men.  The  oflBices  and  laboratory  are  housed  in  a  brick 
buUding  36  by  128  ft. 

The  accompanjring  flow  sheet,  Fig.  2,  shows  diagrammatically  the 
handling  of  raw  materials  and  by-products. 


Fig.  3. — Desilverizing  Kettles. 

Lead  bullion  from  Tooele  containing  about  99.5  per  cent,  lead,  65  oz. 
silver,  0.4  oz.  gold,  and  varying  amounts  of  copper,  antimony,  arsenic, 
zinc,  and  bismuth,  is  received  at  the  refinery  in  sealed  cars  and  after 
being  weighed  is  delivered  into  the  softening  furnaces^  by  means  of  a 
steam-driven  conveyor,  constructed  by  Howe  Scale  Co.  The  sides  and 
ends  of  these  softening  furnaces  are  water  jacketed  from  the  base  plate  to 
3  in.  above  the  slag  line. 

The  products  of  the  softening  furnace  are  first  skims,  second  skims, 
and  softened  bullion.  The  first  two  are  sent  to  residue  furnace  No.  1. 
The  bullion  flows  to  the  desilverizing  kettles.  The  copper  skimmings  are 
charged  into  the  softener. 
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In  the  desilverizing  kettle  bullion  is  treated  with  zinc  and  skimmed, 
yielding  zinc  skims  and  desilverized  lead.  Fig.  3  is  a  view  of  the  desilver- 
izing kettles.  In  the  kettle  in  the  foreground  the  last  skim  is  being  taken 
and  skimmings  transferred  to  a  large  mold.  In  the  background  the  crane 
is  seen  handling  a  large  skim  block. 

The  zinc  skims  go  to  the  retorts  and  the  desilverized  lead  to  the  refin- 
ing furnace.  The  products  of  the  refining  furnace  are  lead-zinc  oxide, 
refinery  skim,  and  refined  lead.  The  first  product,  depending  on  its 
composition,  is  treated  in  one  of  the  residue  furnaces  or  in  the  blast 
furnace.  The  skimmings  go  to  residue  furnace  No.  3.  The  refined  lead, 
in  part,  goes  to  the  Pattisonizing  kettles  for  further  treatment,  and  the 
remainder  passes  to  the  molding  furnace.     Fig.  4  is  a  view  of  the  molding 


Fig.  4. — View  of  Molding  Floor. 


floor  and  shows  the  method  of  handling  the  bars  of  lead  with  the  crane. 

At  the  molding  furnace  the  lead  is  siphoned  into  molds  arranged  in 
the  arc  of  a  circle,  as  shown.  The  bars  are  removed  from  the  meids  and 
stacked  by  hand  and  are  placed  in  stock  ready  for  shifmient. 

In  the  treatment  of  by-products,  the  zinc  skim  produeed^  at  the  de- 
silverizing kettles  is  treated  in  four  tilting  retort  furnaces  using  oil  as  fuel. 
The  products  of  this  operation  are  retort  wnc,  retort  breakings,  blue 
powder,  and  retort  bullion.  The  retort  zinc  is  returned  to  stock  to  be 
used  again  at  the  desilverizing  kettles.  Retort  breakings  are  sent  to  the 
ore  blast  furnace.     Blue  powder  is  shipped  to  zinc  smelters  for  treatment. 
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The  retort  bullion  passes  to  two  Rhodes  type,  cupel  furnaces.  These 
produce  test  breakings,  copper  litharge,  yellow  litharge,  and  Dor6  bullion. 

The  test  breakings  go  to  the  ore  blast  furnace,  the  two  litharge  prod- 
ucts go  to  residue  furnace  No.  2,  and  the  Dor6  bullion  is  molded  into 
anodes  and  shipped  to  the  Raritan  Copper  Works  for  refining. 

The  Pattisonizing  kettles,  equipped  for  the  Hulst  crystallizing  process, 
are  shown  in  Fig.  6. 

The  lead  received  at  the  kettles  from  the  refining  furnace  contains 
from  0.08  to  0.12  per  cent.  Bi.  One  crystallization  reduces  the  bismuth 
from  0.08  to  0.06  per  cent,  and  less.     For  lead  containing  0.12  per  cent. 


Fig.  5. — Pattisonizing  Kettles. 


Bi  two  crystallizations  are  necessary,  if  the  crystals  are  drained  by  gravity ; 
one  is  sufficient  if  crystals  are  pressed. 

With  such  a  low-grade  product  subsequent  treatment  for  the  recover}' 
of  bismuth  is  not  profitable.  This  department  will  produce  150  tons  of 
refined  corroding  lead  per  day,  with  a  bismuth  content  of  0.06  per  cent, 
or  less. 

Residue  furnace  No.  1  receives  sample-kettle  dross,  softening-furnace 
skims,  flue  dust  from  all  sources,  and  galena  ore  (80  per  cent.  Pb).  The 
charge  is  weighed  in  over  a  small  charging  scale,  and  is  so  proportioned 
as  to  yield  products  of  fairly  constant  composition.  The  products  are 
bullion,  refinery  matte,  and  antimonial  slag.  The  bullion  is  returned 
to  the  softening  furnace.  The  matte  is  shipped  to  the  smelter  for  treat- 
ment and  the  antimonial  slag  goes  to  the  antimonial  blast  furnace. 
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Residue  furnace  No.  2  receives  only  the  litharge  products  from  the 
cupel  furnaces  and  galena.  Its  products  are  bullion,  slag,  and  refinery 
matte.  The  bullion  is  returned  to  the  softening  furnace,  the  slag  goes 
to  the  No.  1  residue,  and  the  refinery  matte  is  shipped  to  the  smelter. 

Residue  furnace  No.  3  treats  the  skimmings  and  dross  from  the  refin- 
ing furnace  and  from  the  Pattisonizing  kettles.  These  yield  lead  and 
skimmings.  The  former  goes  to  the  refining  furnace,  the  latter  to  the 
antimonial  blast  furnace. 

The  ore  blast-furnace  charge  is  made  up  of  lead  ores,  coke  and  fluxes, 
and  the, following  by-products:  Retort  breakings,  test  breakings,  and 
slag  from  residue  furnace  No.  3.  The  three  products  are  slag,  matte,  and 
bullion.  The  slag  goes  to  the  dump;  the  matte  is  shipped  to  the  smelter, 
and  the  bullion  is  returned  to  the  softening  furnace. 

The  antimonial  blast  furnace  charge  consists  of  ore,  coke  and  fluxes, 
and,  in  addition,  antimonial  slag  from  residue  furnace  No.  1  and  skim- 
mings from  residue  furnace  No.  3.  The  charge  weighs  1,450  lb.  The 
coke  used  is  12  per  cent,  of  the  weight  of  the  charge.  The  products  are 
slag,  matte,  and  antimonial  lead.  If  no  ore  is  used  the  charge  contains 
no  sulphur  and  no  matte  or  speiss  is  formed.  The  charge  is  carried  low 
in  the  furnace  under  a  light  blast  pressure  (5  to  6  oz.).  Arsenic  is  burned 
off  and  recovered  in  the  flues  and  bag  house. 

The  slag  produced  is  sent  to  the  dump.     It  has  the  following  analysis: 

Per  Cent. 

SiO, 24.0  to  26.0 

AlsOa 10.0 

FeO 36.0  to  38.0 

CaO 10.0  to  12.0 

ZnO 12.0  to  14.0 

Pb...... 1.5to    2.0 

Matte,  when  produced,  is  shipped  to  the  smelter. 

The  antimonial  lead  is  run  to  a  liquating  kettle,  from  which  it  is  cast 
into  bars  for  shipment.  Consumers  of  this  product  commonly  specify 
that  the  lead  should  contain:  Antimony,  15  to  18  per  cent.;  arsenic, 
less  than  1  per  cent. ;  copper,  less  than  0.5  per  cent.  This  department  has 
been  remarkably  successful  in  producing  lead  conforming  to  the  specifica- 
tions of  the  mixed-metal  plants. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Sftlt  Lake  meeting,  August.  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  u  impossible, 
then  diaoussion  in  writing  may  be  sent  to  the  Editor,  American  institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Oct.  1, 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Rope  Idlers  in  the  Raven  Shaft 

BY  GEORGE  A.  PACKARD,  BOSTON,  MASS. 
(Salt  Lake  Meeting,  August,  1914) 

The  shaft  of  the  Raven  mine,  at  Butte,  Mont.,  is  an  incline  1,700  ft. 
in  length  and  dipping  at  various  angles.  At  the  top  the  dip  is  70^  from 
the  horizontal,  but  this  is  gradually  flattened  until  at  the  300-ft.  level  the 
inclination  is  only  47°.  This  angle  continues  to  the  1,100-ft.  level,  below 
which  it  curves  with  a  125-ft.  radius  to  78°.  In  addition  to  these  varia- 
tions in  dip,  the  shaft  does  not  lie  in  the  same  vertical  plane,  with  the 
result  that  the  hoisting  rope  not  only  rubs  at  intervals  on  both  the  hang- 
ing- and  foot-walls,  but  presses  strongly  against  the  west  dividers  near 
the  collar,  while  300  ft.  below  it  runs  close  to  the  east  end  plates. 

The  early  operators  used  no  idlers,  and  wall  plates  cut  6  in.  deep  by 
the  rope  resulted.  Later  operators  first  attempted  to  overcome  the  ex- 
cessive friction,  and  the  wear  of  rope  and  wall  plates,  by  introducing  solid 
cast-iron  idlers,  3  in.  in  diameter.  To  allow  for  the  travel  of  the  rope  from 
side  to  side  some  of  these  had  to  be  3  ft.  long  and  were  very  heavy. 
Judging  from  the  appearance  of  the  old  idlers  of  this  type  found  at  the 
mine,  they  often  failed  to  turn  in  the  bearings,  which  is  not  surprising 
when  it  is  considered  that  they  would  have  to  make  1,000  rev.  a  minute 
under  ordinary  hoisting  conditions. 

The  next  rolls  were  made  of  wood,  6  in.  in  diameter,  with  an  iron  band 
about  each  end,  and  a  pintl&of  1-in.  round  steel  driven  in  at  the  ends  to 
serve  as  a  shaft.  These  wore  rapidly,  and  were  soon  replaced  by  rolls 
made  from  water  pipe,  5  or  6  in.  in  diameter,  cut  to  the  desired  length 
and  fitted  with  a  wooden  cylinder  into  which  the  pintle  was  'driven. 
Where  the  idlers  were  used  on  the  hanging-wall  of  the  shaft  the  original 
bearing  was  simply  a  piece  of  i  by  li  in.  strap  iron,  10  in.  long,  turned 
up  at  the  end  in  a  circle  of  1 J  in.  in  diameter  to  receive  the  shaft.  A  small 
hole  served  for  oiling,  and  common  black  oil  was  generally  used,  although 
filtered  oil  from  engine  bearings  and  compressor  bearings  was  also  used. 
When  the  rolls  were  to  be  placed  on  the  foot-wall  the  bearings  were  made 
from  two  pieces  of  1  by  3  in.  steel,  6  in.  long.  A  half  circle  was  cut  on  the 
flat  side  of  each  piece  and  the  two  half  circles  together  formed  a  bearing. 
Oil  holes  were  provided,  and  in  some  cases  holes  were  bored  through  the 
two  pieces  so  that  they  could  be  screwed  or  spiked  to  the  wall  plate 
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The  later  practice  was  to  forge  the  bearings  from  1  by  3  in.  steel,  and  to 
drill  two  holes  at  each  end  for  J-in.  lag  screws,  by  which  the  bearings  were 
fastened  to  the  timbers.  These  bearings  were  finally  used  on  both  foot- 
and  hanging-wall.  Similar  idlers  were  so  placed  as  to  protect  the  dividers 
and  end  plates.  The  difficulty  of  proper  oiling  presented  the  greatest 
obstacle  to  satisfactory  results  from  this  type  of  idler.  As  the  clearance 
between  the  skip  and  the  hanging-wall  plates  was  sometimes  less  than  an 
inch,  there  was  not  room  for  large  oil  or  grease  cups.  In  addition,  the 
bearings  were  liable  to  get  full  of  grit,  especially  when  wet  ore  was  being 
hoisted.  Grease  cups  were  generally  unsatisfactory,  although  several 
kinds  of  grease  were  tried  and  especial  attention  was  paid  to  having  that 


'  y'y.f^y-.^^^^^^-^^   ^tfV«*£^ 


Fig.  1. — Rope  Idler  used  in  the  Raven  Mine,  Butte,  Mont. 


which  was  suited  to  the  temperature  of  the  shaft.  In  any  event  it  was 
necessary  that  the  rolls  be  examined  and  the  oil  cups  filled  every  two  days, 
which  meant  the  cessation  of  hoisting  for  2  hr .  The  bearings  wore  rapidly 
and  the  rollers  tended  to  get  out  of  line.  The  full  skip  weighed  over 
3  tons,  and  where  the  shaft  flattened  near  the  surface  the  pressure  against 
the  idlers  was  heavy.  It  was  only  by  distributing  this  weight  over  idlers 
placed  but  5  ft.  apart  that  anything  approaching  satisfactory  service 
could  be  obtained  at  this  point. 

To  obviate  the  necessity  for  so  much  attention,  an  idler  was  devised, 
following  my  suggestions,  by  the  Robins  Conveying  Belt  Co.  This  idler 
is  shown  in  Fig.  1.  The  roller  is  extra  heavy  6-in.  pipe,  f  in.  thick, 
20  in.  long,  in  each  end  of  which  is  pressed  a  cast-iron  head,  and  through 
which    passes  a   IJ-in.   steel  shaft.     This  turns  in  a  self-lubricating 
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bearing  carried  by  a  bracket  in  a  ball-and-socket  shell,  which  prevents 
cramping.  As  a  preliminary  to  adopting  these  bearings  two  types  of 
graphite  and  bronze  self-lubricating  bushings  were  tried  side  by  side  in 
the  incline  for  three  months.  The  one  proving  most  satisfactory  had 
cylindrical  bodies  of  graphite  i  in.  in  diameter  set  in  the  bronze,  or 
"metalline,"  bushing  at  about  J-in.  centers.  One  end  of  the  bearing 
is  entirely  closed,  the  end  thrust  being  taken  by  a  steel  disk,  which  also 
serves  for  forcing  out  the  bushing  when  it  is  worn.  The  other  end  of  the 
bearing  is  protected  from  grit  by  a  felt  washer.  This,  however,  also  re- 
tains the  fine  particles  of  metal  and  graphite,  and  in  time  this  gummy 
matter  causes  the  bearings  to  bind.  Occasional  cleaning  of  the  bushings 
with  kerosene  obviates  this  trouble.  The  cap  is  hinged  at  one  side  and 
fastened  at  the  other  with  a  hinged  bolt  so  the  roller  and  bushing  can.be 
easily  removed.  The  bearings  can  be  turned  through  90**,  and  the  roll 
turned  end  for  end,  permitting  the  advantage  of  full  wear.  The  whole  is 
carried  in  a  casting  which  is  fastened  to  the  wall  plates  with  f-in.  lag 
screws.  These  idlers  have  been  in  use  nearly  a  year  and  are  very  satis- 
factory. While  with  rapid  and  continuous  hoisting  the  bearings  become 
quite  hot,  they  do  not  bind  if  they  are  cleaned  occasionally. 

For  the  lower  part  of  the  shaft,  where  the  rope  runs  true  and  the 
inclination  is  78**,  the  idlers  are  merely  common  sheave  wheels,  cast  solid 
and  keyed  on  a  shaft  of  1-in.  cold-rolled  steel.  This  has  a  total  length  of 
13  in.  These  sheaves  are  9  in.  in  diameter  with  a  3-in.  face,  having  a 
groove  li  in.  deep,  1  in.  wide  at  the  bottom.  The  bearings  are  maple 
blocks  4  by  4  by  6  in.,  bored  to  receive  the  shaft,  and  provided  with  an  oil 
hole.     These  are  fastened  to  the  wall  plates  with  six  spikes. 

The  wood-filled  pipe  idlers  with  forged  bearings  cost  at  Butte  about  $8 
each,  including  bearings.  The  idler  with  the  self-lubricating  bearings 
costs  $15,  but  the  difference  is  quickly  saved  in  decreased  cost  of  attention. 
The  solid  cast  sheaves  weigh  26  lb.  They  cost,  when  fitted  with  a  shaft, 
but  excluding  the  maple  bearings,  $2.75  each. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preaented  in  person  at  the 
Salt  Lake  meetinc  August,  1014.  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writins  ma^  be  sent  to  the  Editor,  American  Institute  of  Mininc  Enjpneers.  20  West 
30th  Street.  New  York.  N.  z..  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  roecial  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1. 1014.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Separation  of  Lead,  ZinC|  and  Antimony  Oxides 

BY  RICHARD   D.   DIVINE,   SOUTH  CHICAGO,   ILL. 
(Salt  Lake  Meeting,  August,  1014) 

In  the  Parkes  process  of  extracting  precious  metals  from  lead,  zinc  is 
added  to  the  molten  lead  containing  gold,  silver,  copper,  and  some 
antimony.  These  metals,  with  the  exception  of  antimony,  form  an  alloy 
with  the  zinc  by  reason  of  their  greater  affinity  for  it  than  for  the  lead,  and 
this  alloy,  being  lighter  than  lead,  rises  to  the  top,  carrying  the  precious 
metals  with  it,  whence  it  can  be  removed  by  skimming.  These  skimmings 
are  further  treated  for  the  separation  of  the  zinc  therefrom,  and  the  re- 
covery of  the  precious  metals,  the  zinc  being  driven  oflf  by  heat  and  again 
used  for  another  operation.  In  addition  to  the  zinc  that  combines  with 
the  silver,  etc.,  a  certain  amount  is  necessary  to  saturate  the  lead,  and  it 
is  therefore  necessary  to  treat  the  desilverized  lead  to  free  it  from  this 
residual  zinc. 

To  do  this  it  is  heated  again  in  a  reverberatory  furnace  and  air  or  steam 
is  blown  through  it.  This  oxidizes  the  zinc  together  with  a  small  amount 
of  lead  and  antimony,  leaving  the  lead  free  from  zinc  and  antimony,  and 
forming  oxides  of  these  metals,  which  rise  to  the  top  and  are  skimmed  oflf. 

This  process  relates  to  the  separation  of  the  metals  in  these  oxides  or 
skimmings. 

The  skimmings  are  cooled,  crushed,  and  mixed  with  carbonate  of 
soda  and  pulverized  oil  coke.  The  mixture  is  heated  in  a  reverberatory 
furnace  on  a  bath  of  lead,  to  about  1,000^C.  The  metals  are  reduced  by 
the  coke,  the  lead  and  antimony  go  into  the  lead  bath,  while  the  zinc  is 
volatilized  and  burned  to  oxide. 

This  impure  oxide  is  at  the  present  time  treated  at  Omaha  by  the  Hall 
process  of  electrical  precipitation,  making  a  very  pure  metallic  zinc.  It 
can  also  be  very  easily  refined  by  the  old  Schnabel  process  of  using 
ammonia  and  carbon  dioxide  as  a  solvent.  It  seems  to  be  in  an  ideal  form 
for  this  purpose,  and  very  few  changes  from  the  original  method  are  re- 
quired to  obtain  the  zinc  oxide  practically  C.  P.,  leaving  the  lead  and 
antimony  as  residues. 

There  has  been  considerable  diflference  of  opinion  regarding  the  effect 
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of  the  carbonate  of  soda  in  this  process.  That  it  is  of  material  assistance 
is  shown  by  the  following  experiments:  Skimmings  mixed  with  carbon 
alone  and  heated  gave  an  extraction  of  about  10  per  cent,  of  the  zinc,  while 
extractions  as  high  as  92  per  cent,  were  obtained  when  carbonate  of  soda 
was  added  to  the  mixture.  Various  explanations  of  this  action  have  been 
suggested,  the  most  probable  one  being  that  the  extreme  fusibility  of  the 
soda  salt  causes  it  to  act  as  a  protective  coating,  permitting  oxidation  by 
the  air  in  the  furnace;  it  also  gives  sufficient  mobility  to  the  mass  to  allow 
of  good  contact  between  the  carbon  and  oxides. 

The  skimmings  from  the  refining  furnaces  vary  somewhat  in  zinc 
contents,  due  to  different  methods  of  working  at  the  various  plants. 
.  At  the  National  plant  of  the  American  Smelting  &  Refining  Co.,  the 
zinc  will  average  from  12  to  14  per  cent.,  while  at  Omaha  it  is  somewhat 
lower.  In  the  first  experiments  the  crushed  skimmings  were  treated  in 
the  furnace  without  a.  bath  of  lead,  the  reduced  lead  forming  the  bath. 
The  analysis  of  this  lead  showed  it  to  contain  8.70  per  cent,  antimony, 
91.25  per  cent,  lead,  and  less  than  0.05  per  cent.  zinc.  The  soda  skim 
resulting  from  these  operations  amounted  to  about  15  per  cent,  of  the 
original  charge.  The  resulting  zinc  collected  in  bags  gave  an  extraction 
of  between  80  per  cent,  and  85  per  cent,  of  the  zinc  contents,  and  the 
analysis  showed  it  to  contain:  Zn,  60  to  65;  Pb,  12  to  18;  Sb,  1.00  per  cent. 
It  was  a  light,  fluffy,  yellowish  product,  which  when  first  collected  con- 
tained some  CO2. 

The  present  practice  of  treating  the  skimmings  is  as  follows:  After 
the  furnace  has  been  skimmed,  the  skimmings  are  cooled  and  put  through 
a  crusher  set  to  about  ^  in.  The  material  is  then  mixed  with  finely 
crushed  oil  coke  and  sodium  carbonate.  The  charge  is  made  up  approxi- 
mately of  1  ton  skim,  175  lb.  soda  ash,  and  400  lb.  coke.  It  is  charged 
into  a  reverberatory  furnace  on  a  bath  of  molten  lead.  After  the  charge 
is  started  it  is  necessary  to  maintain  the  heat  at  the  same  point,  as  any 
cooling  will  stop  the  reaction,  and  to  start  it  again  requires  much  time 
and  trouble.  For  this  reason  it  has  deen  found  advisable  to  use  oil  as  a 
fuel  in  place  of  coal. 

It  would  undoubtedly  be  possible  to  use  producer  gas  for  fuel,  or 
possibly  powdered  coal.  The  success  of  the  process  depends  upon  the 
maintenance  of  a  steady,  uniform  heat.  The  charge  is  stirred  or  puddled 
at  regular  intervals,  only  one  working  door  being  opened  at  a  time  to 
avoid  cooling  the  furnace  unnecessarily.  After  the  zinc  has  burned  oflF, 
which  can  easily  be  determined  by  Ihe  absence  of  any  bluish  flame,  the 
oil  is  shut  off  and  the  furnace  immediately  skimmed.  The  resulting 
"soda  skim"  amounts  to  about  10  to  15  per  cent,  of  the  original  charge. 
The  furnace  is  then  ready  to  be  recharged.  The  antimonial  lead  is  tapped 
from  a  lead  well  as  often  as  necessary  and  taken  to  a  refining  furnace  for 
the  removal  of  the  antimony. 
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The  analysis  of  the  "soda  skim"  shows  it  to  contain  a  somewhat 
higher  percentage  of  zinc  than  the  original  skim,  but  we  hope  in  time  to 
improve  on  this.  It  was  thought  that  it  might  be  possible  to  save  the 
expense  of  crushing  and  charging  the  skims,  by  simply  adding  the  mix- 
ture of  soda  and  carbon  to  the  molten  skim  in  the  refining  furnace  itself, 
and  although  the  percentage  of  extraction  was  good  it  was  found  that  the 
repairs' to  the  furnace  were  excessive,  the  lining  being  very  quickly  eaten 
out.  The  opposite  is  true:  when  the  skim  is  charged  cold  the  repairs  to 
the  furnace  are  very  small. 

Heretofore  the  zinc  oxide  in  the  skimmings  has  been  lost,  as  there 
has  been  no  way  of  separating  it  from  the  oxides  of  lead  and  antimony 
and  saving  it.  The  presence  of  zinc  has  also  been  a  nuisance  in  clogging 
the  smelting  furnace  by  forming  deposits  on  the  sides,  which  retain 
other  metals,  fluxes,  etc.,  and  gradually  make  the  furnace  smaller  and 
curtail  the  output. 

At  the  National  plant  we  have  obtained  a  higher  extraction  of  the 
zinc  by  skimming  in  two  stages.  Air  is  blown  through  the  molten  lead 
until  the  zinc  is  all  oxidized  and  rises  to  the  top.  It  is  then  skimmed  off 
and  kept  by  itself.  The  temperature  of  the  furnace  is  then  raised,  air 
is  blown  through  the  bath  again,  and  a  second  skim  is  removed,  consisting 
largely  of  antimony  with  very  little  zinc.  This  is  sent  direct  to  the  anti- 
monial  furnace  to  be  treated. 

The  first  skim  requires  less  soda  and  carbon  per  ton  treated,  works 
better  in  the  furnace,  the  zinc  extraction  is  higher,  and  the  soda  skim  is 
less. 

We  found  that  by  making  two  skims  we  were  able  to  raise  the  per- 
centage of  zinc  from  12  to  14  per  cent,  to  about  17  or  18  per  cent.  The 
antimony  is  oxidized  after  the  zinc  and  most  of  it  remains  with  the  lead 
after  the  first  skimming  is  taken  oflF.  The  second,  or  antimonial,  skim 
contains  but  a  very  small  percentage  of  the  original  zinc  contents,  the 
loss  of  zinc  being  so  small  it  ia  good  practice  to  follow  this  method. 

It  requires  about  24  hr.  to  work  a  charge  of  18  tons.  It  is  necessary 
to  shake  the  collecting  bags  after  each  charge;  unless  this  is  done  they 
become  clogged,  causing  back  pressure,  which  slows  the  operation  and 
injuriously  affects  both  recovery  and  costs. 

A  report  of  one  of  the  early  operations  at  the  National  plant  will 
give  an  idea  of  the  work  accomplished.  I  may  state,  however,  that  the 
work  at  the  present  day  is  much  better. 


Total  Charge  Pounds 

Skim 20,000 

Coke 3,600 

Soda 1,750 
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Pounds        Pounds 
Zn  Pb  +  Sb 

Zn,  16.50;  Pb,  63.50;  Sb,  6.00  per  cent 3,300    13,700  +  1,200 

Produced  14,990 

Antimonial  lead 13,360 

ZnO  fume 3,825 

Assay 

Zn,  65;  Pb,  14.65;  Sb,  1.00  per  cent 2,486  598 

Residue  (Soda  Skim),  3,320  lb. 

Zn,  24.50;  Pb  +  Sb,  9.8  per  cent 813  325 

3,299  14,283 

Some  lead  of  course  remained  in  the  furnace. 

While  this  process  has  not  as  yet  been  tried  on  a  large  scale  with 
complex  lead-zinc  ores,  I  can  see  no  reason  why  it  should  not  prove 
successful  in  that  field. 

The  additional  cost  of  roasting  would  not  be  a  serious  matter.  Most 
of  the  values  would  be  taken  up  by  the  lead  bath,  and  there  would  be 
only  the  residue  or  "soda  skim"  (amounting  to  from  10  to  15  per  cent, 
of  the  original  weight)  to  be  sent  to  the  blast  furnace. 

Experiments  made  in  a  small  way  gave  returns  that  indicate  a  suc- 
cessful solution  of  the  problem.  The  silica  and  sulphur  in  the  roasted 
product  do  not  seem  to  afifect  the  zinc  recovery.  The  silica  would  inter- 
fere only  so  far  as  it  increased  the  amount  of  soda  skim  to  be  treated. 
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[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Salt  Lake  meeting,  August,  1914.  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  mi^  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Streetj  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1, 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Leaching  Experiments  on  the  Ajo  Ores 

BT  STUART  CR0A8DALB,  DENVER,   COLO. 
(Salt  Lake  Meeting,  August,  1914) 

Not  long  ago  I  was  called  upon  to  conduct  some  experiments  on  the 
treatment  of  ores  from  the  New  Cornelia  copper  mine,  Ajo  mountains, 
Arizona,  for  the  Calumet  &  Arizona  Copper  Co.  The  problem  was  a 
very  interesting  one  and  contained  some  unusual  features.  Incidental 
with  this  problem  was  the  utilization  of  a  large  amount  of  low-grade 
pjrrite  in  the  Bisbee  mines  of  the  company,  provided  this  could  be  ac- 
complished by  any  feasible  method. 

The  New  Cornelia  mine  is  situated  45  miles  south  of  Gila  Bend,  the 
nearest  railroad  point,  on  the  Southern  Pacific  Railroad.  It  is  about 
160  miles,  almost  due  west,  from  Tucson.  This  section  is  one  of  the 
most  arid  in  the  United  States.  The  normal  annual  precipitation,  as 
given  by  the  United  States  Weather  Bureau  covering  a  period  from  1870 
to  1901,  is  3  to  5  in.  During  June  and  July,  1913,  the  records  kept 
by  the  company  gave  the  following  results.  These  are  all  I  have  avail- 
able, but  they  show  the  enormous  evaporation  that  can  be  expected, 
which  may  be  a  factor  in  leaching  operations  on  a  large  scale. 

Temperature,  Degrees  F. 
High  Low  Average 

June 112  62  84.0 

July 116  71  87.8 

Evaporation  June  July 

Concrete  tank,  inches 11.7  10.72 

Iron  tank,  inches 14.8  13.07 

Rainfall,  inches None  0. 77 

Cloudy  days None  10.00 

Aside  from  several  springs  about  10  miles  from  the  property,  the 
nearest  known  water  in  quantity  at  the  time  these  experiments  were  made 
was  the  Gila  river  at  Gila  Bend,  45  miles  distant.  Part  of  the  develop- 
ment of  the  property  of  course  included  drilling  for  water  in  the  valley, 
which  was  in  progress  at  the  conclusion  of  my  experiments. 

The  ore  deposit  itself  is  unusual.    It  consists  of  an  intrusive  plug  of 
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monzonite  or  granite  porphyry.  Chalcopyrite,  bornite,  and  magnetite 
are  finely  disseminated  throughout  the  magma  in  sufficient  quantities  to 
.  make-  the  greater  part  of  the  mass  commercial  ore  to  a  certain  depth. 
Erosion  has  removed  the  surrounding  country  rock  and  left  the  plug 
sticking  out  at  the  base  of  the  mountains  as  two  or  three  cone-shaped 
buttes,  without  overburden  of  any  description. 

Oxidation  has  taken  place  in  situ.  Owing  to  the  aridity  of  the 
country,  there  has  been  no  leaching  and  no  secondary  enrichment.  In- 
stead of  following  the  contour  of  the  surface,  as  might  be  expected,  the 
drill  records  (in  the  mine  model)  show  oxidation  to  have  taken  place  quite 
unifortnly  downward  throughout  the  mass  and  the  division  between  the 
oxidized  and  sulphide  ores  is  almost  a  horizontal  plane.  The  transition 
zone,  or  partly  oxidized  zone,  between  the  oxidized  and  sulphide  ores 
is  likewise  shown  to  be  quite  narrow — much  narrower  than  would  be 
expected. 

The  oxidized  ores  amo^unt  to  about  one-third  of  the  total  ore  de- 
veloped. The  greater  part  of  the  copper  exists  as  carbonate,  although 
there  is  some  silicate  and  some  oxides,  including  cuprite.  There  is  also  a 
small  percentage  of  sulphide,  as  residual  chalcopyrite  and  intermediate 
forms. 

The  oxidized  iron  exists  in  both  ferrous  and  ferric  condition,  both 
soluble  in  acid. 

While  the  chalcopyrite  is  quite  generally  disseminated  throughout 
the  magma,  there  seems  to  have  been  a  tendency  for  it  to  segregate  in 
some  portions,  thus  producing  a  higher-grade  ore.  The  average  grade  of 
ore  used  for  experimental  purposes  was  placed  between  1.5  and  2.0  per 
cent,  copper.  What  the  ultimate  average  grade  will  be  will  depend  upon 
the  cost  of  treatment. 

Methods  op  Treatment 

Prom  the  foregoing  it  will  be  readily  seen  that  the  conditions  of 
the  problem  demand  simplicity  of  process  and  large  scale  of  operations. 
Of  course  a  railroad  will  be  built  to  the  mine,  but  whether  the  ore  will 
be  brought  to  water  or  water  will  be  brought  to  the  ore  are  yet  factors 
to  be  considered  and  may  have  their  bearing  to  a  certain  extent  on  the 
method  of  treatment  adopted,  when  freight  and  fuel  costs  are  estimated. 

Methods  of  leaching  with  solutions  of  reducible  salts,  like  ferric 
sulphate,  ferric  chloride,  and  cupric  chloride,  have  some  advantage  in 
their  solvent  power  on  cuprite  ahd  chalcocite  or  other  intermediate 
sulphides,  but  have  little  action  on  chalcopyrite.  These  salts  are  ex- 
pensive and  their  value  as  commercial  solvents  depends  upon  their  re- 
generation by  some  cheap  method  of  oxidation  after  the  dissolved  copper 
has  been  precipitated.    This  difficulty  has  not  yet  been  overcome  and 
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the  results  from  attempts  to  use  these  methods  have  been  disappointing 
even  in  the  hands  of  skilled  metallurgists. 

The  same  may  be  said  of  sulphurous  acid  and  ammonia  processes. 

Two  methods  of  treatment,  however,  are  available,  and  both  are 
entirely  reliable  and  feasible  under  the  conditions  involved.  One  of 
these  is  the  old  Henderson  process  of  roasting  with  salt,  and  the  other 
is  leaching  the  raw  ore  with  sulphuric  acid.  Under  the  head  of  "Chlo- 
ridizing  Roast  with  Salt,"  I  include  the  so-called  sulphatizing  roast 
of  Mr.  Wedge,  in  which  he  finds  the  addition  of  a  small  percentage  of 
salt  very  beneficial;  and  also  'the  modification  used  by  Mr.  Laist  at 
Anaconda,  in  which  he  reduces  the  consumption  of  salt,  as  well  as  the 
losses  by  volatilization,  by  giving  the  ore  a  preliminary  roast  before 
adding  the  salt.^ 

A  comparison  of  these  two  methods  may  be  made  briefly  as  follows: 

By  using  the  chloridizing  roast,  all  ores  on  the  property  could  be 
treated  by  the  same  process — oxidized,  sulphide,  and  intermediate. 
This  would  mean  the  construction  of  only  one  plant.  The  average  ex- 
traction of  the  copper  would  probably  be  higher  than  that  obtained 
from  acid  leaching  and  the  small  amount  of  silver  in  the  ore  would  be 
recovered  to  a  large  extent.  By  mixing  the  ores,  little  if  any  sulphur 
wou]d  have  to  be  added  as  pyrite.  The  only  chemicals  required  would 
be  salt,  to  the  extent  of  5  to  10  per  cent,  of  the  ore  treated,  and  possibly  a 
small  amount  of  pyritic  ore.  Both  of  these  could  be  transported  in 
ordinary  freight  cars.  There  would  be  less  corrosive  solutions  to  handle. 
There  would  be  a  minimum  amount  of  iron  and  alumina  passing  into 
solution.     There  would  be  no  appreciable  absorption  of  copper  by  slimes. 

On  the  other  hand,  this  method  would  require  dry  crushing  of  the  ore 
to  20  or  40  mesh,  which  would  be  troublesome  if  not  prohibitive  on  the 
oxidized  ores  on  account  of  the  difiiculty  in  controlling  the  poisonous  dust, 
in  addition  to  the  expense  of  grinding.  It  would  involve  a  roasting  cost. 
It  would  mean  a  more  expensive  plant,  and  a^nore  extensive  plant  for  the 
same  capacity,  due  to  the  slower  percolation  of  the  fine  material,  which 
would  require  a  much  larger  vat  area  of  less  depth  to  hold  the  tonnage 
required.  It  would  mean  a  supply  of  cheap  salt.  A  chemical  precipitant 
would  probably  have  to  be  used  to  recover  the  copper. 

By  leaching  with  sulphuric  acid,  the  oxidized  ore  can  be  treated  raw 
and  need  not  be  crushed  finer  than  i  in.  or  2-mesh  size,  or  perhaps  coarser, 
as  the  experiments  will  show.  Owing  to  the  high  oxidation  of  the 
surface  ores  and  apparently  small  zone  of  partly  oxidized  ores,  a  large 
tonnage  can  be  expected  to  give  a  comparatively  high  extraction  by  this 
method.     Sulphuric  acid  can  be  made  as  a  by-product  at  the  roasting 

*  Stuart  Croasdale:  Engineering  and  Mining  Journal,  vol.  Ixxvi,  No.  9,  pp.  312  to 
314  (Aug.  29,  1903);  BuUetin  No.  83,  November,  1913,  p.  2709;  Mining  Magazine, 
vol.  X,  No.  3,  pp.  200  to  204  (March,  1914). 
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plant  of  the  Calumet  &  Arizona  Co.  at  Douglas,  or  if  the  calcines  are 
converted  into  sponge  iron  and  used  as  a  precipitant  for  copper,  the 
low-grade  p3rrite  from  Bisbee  can  be  cheaply  transported  and  acid  made 
at  the  mine.  If  electrolytic  precipitation  can  be  used,  a  small  percentage 
of  the  acid  consumed  can  be  regenerated.  This  method  of  extraction  will 
permit  of  less  expensive  plant  construction  for  the  oxidized  ores. 

On  the  other  hand,  sulphuric  acid  alone  will  extract  none  of  the 
copper  existing  as  sulphide,  only  half  of  the  copper  existing  as  cuprite, 
and  may  be  indifferent  about  the  silicate  of  copper.  It  will  extract  none 
of  the  precious  metals.  Owing  to  the  character  of  the  oxidation  of  the 
ore,  already  mentioned,  considerable  iron  and  alumina  pass  into  solution 
as  readily  as  the  copper,  which  will  seriously  interfere  with  any  form  of 
electrolytic  precipitation  and  render  the  amount  of  acid  regenerated  a 
doubtful  asset  when  compared  with  the  amount  consumed.  As  an  offset 
to  this  objection,  some  of  the  iron  is  in  a  ferric  condition,  which  assists 
materially  in  the  solution  of  the  minerals  mentioned  above. 

If  acid  is  made  at  Douglas,  it  will  have  to  be  transported  several  hun- 
dred miles  in  tank  cars,  which  will  have  to  be  returned  empty.  If  acid  is 
made  at  the  mine  from  low-grade  pyrite,  a  gain  will  be  made  in  trans- 
portation, but  the  cost  of  an  acid  plant  will  be  added  to  the  cost  of  the 
leaching  plant  and  the  calcines  will  have  to  be  utilized.  Almost  an  en- 
tirely new  plant  will  have  to  be  constructed  for  treatment  of  the  inter- 
mediate and  sulphide  ores. 

The  problem  is  clearly  one  in  arithmetic  as  well  as  metallurgy,  so 
laboratory  experiments  were  made  on  both  methods. 

Laboratory  Experiments 

The  ore  furnished  me  for  these  experiments  came  from  the  earlier 
development  of  the  property  and  the  oxidized  ores  were  from  very  near 
the  surface,  but  were  less  kaolinized  than  those  received  later  for  the 
larger  experiments. 

The  analyses  of  the  ores  were  as  follows: 

Oxidized  Sulphide 

Per  Cent.  Per  Gent. 

Si02 66.23  66.08  ' 

Fe 6.40  4.60 

A1,0, 13.75  11.35 

CaO,  total 0.56  0.55 

CaO  sol.  in  dilute  acid 0.31  0. 15 

S,  total 0. 19  2.09 

S  as  sulphate 0.03  0.03 

Zn 0.10  0.10 

Cu,  total 2.03  2.75 

Cu  sol.  in  10  per  cent.  H2SO4. ...         1.84  0.22 

Au,  oz.  per  ton 0.01  0.01 

Ag,  oz.  per  ton 0.22  0. 18 
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On  a  2  per  cent,  ore,  a  variation  of  0.01  per  cent,  in  the  percentage  of 
copper  in  the  tailings  makes  a  difference  of  0.5  per  cent,  in  the  percentage 
of  extraction.  This  must  be  kept  in  mind  when  comparing  the  results 
of  these  experiments,  for  several  hundredths  of  1  per  cent,  may  be 
within  the  limits  of  error  in  sampling  and  chemical  analyses. 

CMoridizing  Roast  with  Salt 

Oxidized  Ores. — ^The  ore  was  crushed  to  20  mesh.  The  experiments 
were  conducted  in  an  assay  furnace  at  a  low  red  heat  or  at  estimated 
temperatures  of  1,000**  to  1,300°  F.  No  attempt  was  made  to  condense 
the  volatile  copper  chloride  fumes. 

The  roasted  ore  was  leached  24  hr.  with  a  1  per  cent,  sulphuric  acid 
solution  which  was  supposed  to  correspond  to  the  solutions  from  the 
condensing  towers  at  the  Pennsylvania  Salt  Works,  Philadelphia,  where 
this  method  of  copper  extraction  has  been  in  use  for  a  long  time. 

In  a  Wedge,  or  other  multiple-hearth  furnace,  a  particle  of  ore  remains 
in  the  roasting  or  chloridizing  atmosphere  several  hours.  My  first  ex- 
periments were  on  variation  in  time  of  roasting,  which  ranged  from  1 
to  6  hr. 

Sulphur  was  added,  in  the  form  of  pyxite,  in  slight  excess  of  that 
necessary  to  combine  with  the  copper  as  CuS,  or  1.2  per  cent;  10  per  cent, 
salt  was  added,  which  is  twice  the  amount  necessary  to  form  the  normal 
chloride  of  copper,  but  this  might  be  of  some  advantage,  as  will  be 
mentioned  later. 

At  the  end  of  1  hr.,  11.8  per  cent,  of  the  copper  had  volatilized  and 
65.8  per  cent,  had  been  rendered  soluble  in  the  roasted  ore,  which  gave  a 
total  extraction  of  77.6  per  cent. 

At  the  end  of  6  hr.,  69.0  per  cent,  of  the  copper  had  volatilized  and 
7.3  per  cent,  remained  soluble  in  the  roasted  ore,  which  gave  a  total  ex- 
traction of  76.3  per  cent. 

The  tests,  at  1-hr.  intervals  between  these  extremes,  showed  a  gradual 
increase  in  the  percentage  of  copper  volatilized,  with  substantially  the 
same  total  extraction. 

Jn  the  next  series  of  experiments  the  sulphur  was  varied  from  1.2  to 
2.5  per  cent.  The  salt  was  kept  constant  at  10  per  cent,  and  the  time  of 
roasting  in  each  case  was  1  hr. 

With  1.5  per  cent,  sulphur  the  results  were  15.5  per  cent,  volatilization 
of  the  copper,  and  70.3  per  cent,  soluble  copper  in  the  roasted  ore,  or  a 
total  extraction  of  85.8  per  cent.;  2.1  per  cent,  sulphur  gave  21.1  per  cent, 
volatilization  and  64.7  per  cent,  soluble  copper,  or  a  total  extraction  of 
85.8  per  cent.  Both  higher  and  lower  sulphur  contents  gave  lower  total 
extractions. 

In  the  third  series  of  experiments  the  sulphur  was  kept  constant  at 
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1.5  per  cent,  and  the  time  of  roasting  at  1  hr.     The  salt  varied  from  5 
to  15  per  cent. 

The  lowest  volatilization  and  highest  total  extraction  were  obtained 
with  10  per  cent,  salt,  which,  as  stated  above,  were  15.5  and  85.8  per  cent., 
respectively. 

The  result  with  5  per  cent,  salt  was  a  volatilization  of  46.2  per  cent, 
and  a  total  extraction  of  71  per  cent.  This  amount  of  salt  is  near  the 
theoretical  quantity  necessary  to  form  the  normal  chloride  of  copper.  My 
previous  work  on  the  volatilization  of  metals  as  chlorides  proved  that,  other 
conditions  being  equal,  volatilization  greatly  increases  as  the  relations 
between  the  metal,  salt,  and  sulphur  approach  theoretical  proportions. 

The  use  of  15  per  cent,  salt  gave  23.2  per  cent,  volatilization  and  a 
total  extraction  of  80  per  cent.  Other  proportions  of  salt  gave  inter- 
mediate results. 

The  foregoing  experiments  gave  the  best  results  when  the  ore,  con- 
taining a  little  more  than  2  per  cent,  copper,  was  roasted  1  hr.  with  10  per 
cent,  salt  and  1.5  per  cent,  sulphur. 

As  a  final  test,  these  factors  were  all  raised  as  follows:  salt,  12.5  per 
cent.;  sulphur,  2  per  cent.;  time,  1.5  hr.  The  results  were,  24.2  per  cent, 
of  the  copper  volatilized  and  62.3  per  cent,  soluble,  or  a  total  extraction  of 
86.5  per  cent.,  which  is  substantially  the  same  as  before.  The  tailings 
from  this  test  were  leached  an  additionfiJ  24  hr.  with  a  5  per  cent,  sulphuric 
acid  solution  containing  7  per  cent,  salt,  which  increased  the  extraction 
to  90  per  cent.  In  all  probability  a  total  of  48  hr .  leaching  with  the  weaker 
acid  would  have  accomplished  the  same  result. 

Sulphide  Ores. — The  average  analysis  of  these  ores  has  been  given. 
The  copper  existed  as  chalcopyrite.  The  experiments  were  conducted  in 
a  manner  similar  to  those  on  the  oxidized  ores.  The  ore  was  crushed  to  20 
mesh.  No  sulphur  was  added.  The  percentage  of  salt  ranged  from  10  to 
16  per  cent,  and,  the  ore  being  higher  grade,  the  time  of  roasting  was  ex- 
tended to  1.5  and  2  hr.,  although  this  was  probably  unnecessary.  Owing 
to  difficulty  in  controlling  the  furnace,  the  temperatures  used  were  higher 
than  they  should  have  been. 

The  results  were: 

12  3 

Per  Cent.  Per  Cent.  Per  Cent. 

Salt  used 10.0  12.5  15.0 

Copper  volatilized 68.8  44.1  56.0 

Soluble  copper 20.0  47.9  37.2 

Total  extraction 88.8  92.0  93.2 

Leaching  these  tailings  an  extra  24  hr.  with  5  per  cent,  sulphuric  acid 
solution  containing  5  per  cent,  salt,  extracted  no  more  copper.  There  was 
nio  difficulty  in  extracting  all  the  soluble  copper  in  the  roasted  ore  with 
a  1  per  cent,  acid  solution. 
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While  the  temperatures,  as  stated  above,  were  higher  than  they 
should  have  been,  these  results  confirm  those  made  a  number  of  years 
ago,  when  I  found  that  copper  is  more  readily  volatilized  from  chalco- 
pyrite  by  the  chloridizing  roast  than  from  any  other  mineral. 

Mixed  Oxidized  and  Stdphide  Ores. — The  following  experiments  were 
conducted  by  the  Wedge  Mechanical  Furnace  Co.,  at  Philadelphia,  to 
determine  the  merits  of  a  sulphating  roast.    Their  report  is  as  follows: 

Test  No.  1.  The  oxidized  ore  was  ground  to  20  mesh  and  the  sul- 
phide to  40  mesh.  Two  parts  of  sulphide  were  mixed  with  one  of  the 
oxide  and  the  mixture  was  roasted  3.5  hr.  at  temperatures  increasing  from 
SSO*"  to  1,180*^  F.  The  roasted  ore  was  leached  with  ^  B.  sulphuric  acid 
solution.    The  extraction  was  85.5  per  cent. 

Test  No.  2/  The  same  mixture  of  ores  was  roasted  3  hr.,  with  5  per 
cent,  salt  added,  at  temperatures  ranging  from  400**  to  990"*  F.  The 
roasted  ore  was  leached  with  2**  B.  hydrochloric  acid  solution,  which  gave 
an  extraction  of  94.4  per  cent. 

Test  No.  3.  The  same  ore  mixture  was  used  as  before,  and  5  per  cent, 
salt  was  added.  The  mixture  was  roasted  2.5  hr.  at  temperatures  from 
500^  to  860''  F.  The  acid  wash  was  2"*  B.  hydrochloric  acid.  The  ex- 
traction was  96.0  per  cent,  of  the  copper. 

Test  No.  4.  The  preceding  test  was  repeated  with  the  addition  of  2 
per  cent,  pyrite  (containing  47  per  cent,  sulphur)  to  the  mixture.  The 
ore  was  roasted  2.5  hr.  at  600^  to  900^  F.  and  the  roasted  ore  leached 
with  3°  B.  hydrochloric  acid.    The  extraction  was  93  per  cent. 

Test  No.  5.  Equal  parts  of  oxidized  and  sulphide  ore  were  used  and 
5  per  cent,  salt  added.  Other  conditions  being  the  same,  94  percent. ex- 
traction was  obtained. 

Test  No.  6.  Both  ores  were  ground  to  40  mesh  and  mixed  in  equal 
parts  with  the  addition  of  5  per  cent,  salt  and  2  per  cent,  pyrite.  The 
extraction  was  94  per  cent. 

Test  No.  7.  Test  No.  6  was  repeated,  except  that  3  per  cent,  pyrite 
was  added  instead  of  2  per  cent.  The  mixture  was  roasted  2  hr.  at  tem- 
peratures from  400*^  to  900®  F.  The  extraction  was  98  per  cent,  of  the 
copper. 

Summary  of  Results. — These  experunents  are  sufficient  to  show  that  an 
extraction  of  90  to  95  per  cent,  of  the  copper  can  be  expected  by  a  chlorid- 
izing roast  on  all  the  ores  whether  mixed  or  treated  separately,  but  it 
would  be  preferable  to  mix  them  in  order  to  secure  the  advantage  of  an 
excess  of  sulphur  in  the  sulphide  ores.  If  they  are  not  mixed,  from  1.5 
to  2  per  cent,  sulphur  will  have  to  be  added  to  the  oxidized  ores  in  the 
form  of  pyrite. 

The  ores  will  have  to  be  crushed  to  20  mesh,  or  finer. 

The  salt  required  will  be  5  to  10  per  cent. 
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The  temperature  of  raosting  should  not  be  above  900^  F.  to  avoid  ex- 
cessive volatilization. 

Large  furnaces,  where  air  supply  and  temperatures  are  under  better 
control  and  where  the  benefits  of  mass  action  can  be  obtained,  should  give 
as  good  if  not  better  results  than  the  laboratory.  At  low  temperatures, 
the  slight  volatilization  losses  are  easily  recovered  by  scrubbing  towers, 
together  with  sufficient  acid  for  washing  the  ore. 

Leaching  Experiments 

These  were  made  only  on  the  raw  oxidized  ores.  The  crushing  varied 
from  8  to  2  mesh  sizes.  The  experiments  were  conducted  in  glass  and 
stoneware  jars  provided  with  small  air-lift  pumps  for  circulating  the 
lixiviants.  Both  standing  and  circulating  lixiviants  were  tested.  The 
strength  of  acid  solution  varied  from  3  per  cent.,  or  just  enough  to  dissolve 
the  copper  in  the  ore,  up  to  a  10  per  cent,  solution.  Sulphuric  acid  was 
used.  All  references  to  this  acid  mean  100  per  cent.  H2SO4  and  not  com- 
mercial acid.  Only  enough  lixiviant  was  used  in  each  experiment  to  cover 
the  ore. 

The  results  were  as  follows  on  24-hr.  treatment: 


Per  Cent. 

Acid  in 

Lixiviant 

3.0 

4.0 

4.7 

10.0 


^Mesh  Ore 
Standing  Lixiviant 


Per  Cent.  Cu 
Extracted 

46.8 
64.7 
56.1 
81.8 


Lb.  Acid  Used 
per  Lb.  Cu 
Dissolved 
3.2 
3.3 
2.8 
2.8 


Per  Cent.  Cu 
Extracted 


Circulating  Lixiviant 

Lb.  Acid  Used 
per  Lb.  Cu 
Dissolved 
48.7  3.3 

71.0  2.7 

86.2  3.2 

88.6  3.6 


Per  Cent. 

Acid  in 

Lixiviant 

3.0 

4.0 

4.7 

6.3 

10.0 


Per  Cent.  Cu 
Extracted 


4r'Mesh  Ore 

Standing  Lixiviant 

Lb.  Add  Used 
per  Lb.  Cu 
Dissolved 
42.9  2.4 

44.3  2.4 

48.3  2.3 
68.2  2.3 

78.4  2.2 


Circulating  Lixiviant 

Lb.  Add  Used 
per  Lb.  Cu 


Per  Cent.  Cu 
Extracted 


70.4 
74.4 
82.3 
80.8 

86.7 


Dissolved 
2.0 
2.3 
2.4 
2.8 
2.8 


These  experiments  showed  that  circulating  the  lixiviant  increased  the 
extraction  of  copper  without  seriously  increasing  the  consumption  of 
acid;  that  crushing  to  8  mesh  increased  the  consumption  of  acid  without 
materially  increasing  the  extraction  of  copper;  and  that  increasing  the 
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strength  of  the  lixiviant  increased  the  extraction  of  copper  and  also  the 
consumption  of  acid  when  the  lixiviant  waa  circulated  through  the  ore. 
The  fine  ore  produced  in  crushing  to  8  mesh  seriously  interfered  with  the 
percolation  of  solutions. 

Further  experiments  were  made  on  4-mesh  material  by  increasing  the 
time  of  leaching,  with  the  following  results: 

5  Per  Cent.  Acid  lixiviant  10  Per  Cent.  Acid  Lixiviant 

r«.  #  T»     /-.    r  n.       I^b.  Acid  Used       »    /-.    ^  /-l        I^»  Acid  Used 

Time  of  Per  Cent.  Cu  t  h  rs  Cent.  Cu  t  h  P 

Leaching,  Hr.        Extracted  *L.     ,*     ,  Extracted  *L.     /     , 

24  82.3  2.4  85.7  2.8 

48  83.7  2.6  90.1  2.6 

72  84.2  2.7  87.6  4.2 

96  86.7  ...  89.1  4.0 

Additional  time  with  5  per  cent,  acid  lixiviant  increased  the  extrac- 
tion very  slowly — probably  from  the  fact  that  the  acid  was  nearly 
neutralized.  The  10  per  cent,  acid  lixiviant  always  had  plenty  of  free 
acid  remaining  after  the  copper  was  all  dissolved. 

By  referring  to  the  analysis  of  this  ore,  it  will  be  seen  that  the  copper 
soluble  in  10  per  cent,  sulphuric  acid  solution  is  only  90.6  per  cent,  when 
the  sample  is  crushed  to  pass  100-mesh  screen,  so  that  a  10  per  cent,  acid 
lixiviant  on  a  4-mesh  material  for  48  hr.  extracted  about  all  of  the  copper 
that  could  be  expected. 

The  above  experiment  was  repeated  on  ore  crushed  to  pass  0.5-in 
or  2-mesh  screen.  Only  a  10  per  cent,  acid  lixiviant  was  used.  The 
results,  given  below,  were  as  good  as  those  obtained  from  finer  crushing. 

Time  of  Leaching  Per  Cent.  Cu 

Extracted 

48  hr.  without  change  of  lixiviant 86 . 0 

48  hr.    Lixiviant  changed  after  24  hr 87.5 

72  hr.    Lixiviant  changed  after  48  hr 90. 0 

96  hr.    Lixiviant  changed  after  48  hr 87.0 

As  already  stated,  the  oxidized  ore  contained  some  cuprite.  When 
clean  sulphuric  acid  is  added  to  this  mineral,  one-half  the  copper  is  set 
free  in  metallic  condition,  which  remains  insoluble  in  the  acid.  As 
nearly  as  could  be  determined  by  averaging  a  number  of  analyses,  the 
amount  of  copper  thus  set  free  was  about  0.2  per  cent,  of  the  ore,  or  say 
10  per  cent,  of  the  total  copper. 

Analyses  of  the  lixiviants  from  a  number  of  leaching  experiments 
showed  that  a  certain  amount  of  iron  passed  into  solution  simultaneously 
with  the  copper.  This  averaged  from  one-third  to  one-half  of  the  amount 
of  copper  in  solution,  or  from  0.8  to  1.1  per  cent,  of  the  solution.    Some- 
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times,  with  high  iron  and  much  kaolinized  ores,  it  amounted  to  more 
than  this.  The  iron  was  about  equally  divided  as  ferric  and  ferrous 
sulphates. 

Using  10  per  cent,  acid,  the  lixiviant  passing  from  a  charge  of  leached 
ore  contained  from  4  to  6  per  cent  .free  acid  in  addition  to  the  copper,  iron, 
alumina,  etc. 

This  combination  of  circumstances  enabled  me  to  use  the  partly 
neutralized  lixiviant  from  a  leached  charge  of  ore  for  the  first  lixiviant 
on  a  new  charge  of  ore  and  thereby  not  only  neutralize  the  free  acid  in  the 
lixiviant  and  at  the  same  time  enrich  it  in  copper,  but  have  a  solvent 
for  the  cuprite  (or  metallic  coppper  if  formed)  in  the  form  of  ferric  sul- 
phate. Since  ferric  sulphate  was  always  present  and  the  lixiviants  were 
always  circulated,  it  is  scarcely  possible  that  any  cuprite  could  escape 
solution. 

As  soon  as  the  first  lixiviant  was  neutral,  it  was  sent  to  the  precipi- 
tating vats.  If  it  was  left  on  the  ore  beyond  the  neutral  point,  some  of 
the  copper  was  reprecipitated  in  the  ore.  A  new  10  per  cent,  acid 
lixiviant  followed  the  first  and  finished  leaching  the  ore,  which  in  turn  was 
neutralized  on  a  new  charge-  of  ore. 

Experimental  Plant  Tests 

The  Chloridizing  Roast 

The  chloridizing  roast  and  the  subsequent  leaching  of  the  ore  with 
water  and  scrubbing-tower  solutions  is  a  well-established  metallurgical 
process  and  has  been  in  commercial  operation  for  a  number  of  years  on  2 
per  cent,  copper  ores. 

Laboratory  experiments  told  what  could  be  expected  from  this  process 
and  there  is  little  danger  of  unlooked-for  difficulties  in  larger-scale 
operations.  The  questions  involved  are  therefore  more  of  relative  costs 
of  construction  and  operation  than  of  metallurgical  experiment,  so,  for 
the  time  being,  no  experiments  were  conducted  on  a  larger  scale. 

Add  Leaching 

Percolation  Experiments. — A  pipe  10  in.  in  diameter  and  18J  ft.  in 
length  was  used  for  an  experimental  percolation  vat.  For  convenience  in 
testing-  the  various  columns  of  ore,  it  was  made  in  sections.  The  lower 
end  of  this  vat  was  closed  with  a  plate  in  which  there  was  a  3-in.  opening 
which  served  as  a  discharge  gate  for  the  ore  and  also  for  pipe  connections 
to  measure  the  flow  of  solution.  This  could  also  be  attached  to  a  cen- 
trifugal pump  for  circulating  the  solutions  to  the  top  of  the  vat  if  de- 
sired and  in  this  way  the  working  conditions  of  a  commercial  plant 
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could  be  produced.  Aside  from  a  small  screen  to  protect  the  valves, 
no  filter  was  used  in  the  vat.  The  ore  itself  corresponded  to  the  gravel 
filter  that  was  expected  to  be  used  in  practice. 

The  height  of  any  ore  column  in  this  vat  was  the  same  as  that  used  in 
any  commercial  plant.  The  filtering  area  was  78.54  sq.  in.,  or  0.545  sq.  ft., 
which  corresponded  to  the  same  section  of  a  full-sized  vat.  The  area  of 
any  commercial  vat  divided  by  this  area  and  the  result  multiplied  by  the 
number  of  gallons  per  minute  flowing  through  a  given  column  of  ore  would 
give  the  approximate  amount  of  solution  that  would  have  to  be  handled 
by  circulating  pumps  in  a  large  plant. 

All  percolation  experiments  were  continued  for  three  or  four  days  if 
possible,  in  order  to  detect  any  irregularity  in  the  flow  of  solution  by  the 
s^regation  of  slimes  or  from  other  causes. 

Since  8-mesh  ore  was  found  to  be  of  no  advantage  in  the  laboratory 
leaching  experiments,  it  was  not  used  in  these  experiments. 

The  facilities  at  Douglas  for  crushing  ore  for  experimental  purposes 
at  that  time  were  very  poor.  There  was  no  opportunity  for  stage  crushing 
with  intermediate  screening.  The  ore  was  reduced  so  that  it  would 
nearly  all  pass  a  2 -mesh  screen  in  one  operation  with  one  crusher  and  one 
set  of  rolls.  This  undoubtedly  produced  a  different  product  than  would 
be  obtained  in  the  usual  practice. 

With  4c-7ne8h  ore,    A  screen  analysis  of  this  material  gave 

Mesh  Per  Cent. 

4  to  8 30.6 

Stole 22.4 

16  to  20 8.4 

20  and  finer 38.6 

Between  3  and  4  per  cent,  of  this  product  was  a  colloidal  slime  that 
could  be  suspended  in  water.     This  slime  assayed  4.5  per  cent,  copper. 

Ore  crushed  to  this  size  absorbed  11  per  cent,  of  its  weight  in  water  or 
26.4  gal.  per  ton.     This  amount  of  water  will  be  lost  in  tailings. 

The  additional  quantity  of  water  required  to  fiU  the  interstices  and 
'cover  a  given  quantity  of  ore  in  the  vat  was  15  per  cent,  of  its  weight  or 
36  gaL  per  ton.  This  will  be  known  as  one  volume  of  water,  or  solution,  in 
the  experiments  which  follow,  and  its  complete  replacement  will  represent 
one  cycle  in  the  circulation  of  lixiviant,  or  one  washing  of  the  ore  with 
water. 

Experiment  No.  1.  The  ore  was  charged  into  water  to  get  the  coarser 
particles  on  the  bottom  and  form  a  better  filter  bed.-  Height  of  ore 
column,  5  ft.  Fine  ore  and  slime  soon  settled  on  top  of  the  charge  and 
practically  stopped  the  percolation. 

Experiment  No.  2.  Ore  was  charged  into  the  vat  dry.  Height  of  ore 
column,^5  ft.     Water  was  added  on  top  of  ore.     Rate  of  percolation,  1 
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gal.  in  15  min.  To  the  charge,  2.5  ft.  of  ore  was  added,  making  the 
total  column  7.5  ft.  Rate  of  percolation,  1  gal.  in  15  min.  Another  2.5 
ft.  of  ore  was  added,  making  the  total  column  10  ft.  Rate  of  percolation, 
1  gal  in  15  min.  At  tiie  end  of  72  hr.  the  rate  was  1  gal.  in  23  min.,  after 
which  it  gradually  decreased. 

Wheh  the  charge  was  drawn,  the  fine  ore  was  found  to  be  more  or  less 
segregated,  which  was  perhaps  due  to  the  method  of  charging. 

Experiment  No.  3.  The  above  experiment  was  repeated.  With  a 
5-ft.  column  of  ore  the  rate  of  percolation  was  the  same,  1  gal.  in  15  min. 
l^e  ore  column  was  increased  at  once  to  10  ft.,  in  which  the  rate  of  per- 
colation was  1  gal.  in  10  min.  The  rate  remained  the  same  when  the 
column  was  increased  to  12  ft. 

Experiment  No.  4.  The  ore  was  charged  dry  and  the  height  of  the 
column  was  18  ft.  Water  was  introduced  into  the  bottom  of  the  vat 
until  the  ore  was  covered,  in  order  to  remove  the  air  more  quickly.  It  was 
then  circulated  from  the  bottom  of  the  vat  to  the  top  by  means  of  a 
centrifugal  pump.  Rate  of  percolation  was  1  gal.  in  8  min.  At  the  end 
of  72  hr.  it  was  still  1  gal.  in  8  min.  The  height  of  the  ore  column  was 
then  reduced  to  12  ft.  and  at  the  end  of  120  hr.  the  rate  of  percolation  was 
1  gal.  in  9  min. 

Experiment  No.  5.  Upward  percolation.  The  ore  was  charged  dry. 
Height  of  column,  12  ft.  Water  was  introduced  from  the  bottom  of  the 
vat  and  upward  percolation  was  maintained  with  a  9-in.  head  of  water 
above  the  ore  from  a  stand  pipe  outside  the  vat.  The  rate  of  percolation 
was  1  gal.  in  6  min. 

With  an  ore  column  of  15  ft.  and  a  10-in.  head  of  water  above  the  ore, 
the  rate  of  percolation  was  1  gal.  in  7.5  min. 

With  2-me8h  ore.    The  screen  analysis  was 

Mesh  Per  Cent. 

2  to  4 40.0 

4  to  8 25.8 

8  to  16 14.2 

16  to  20 6.0 

20  and  finer 14.2 

The  colloidal  slime  was  about  2  per  cent,  of  the  ore. 

This  ore  absorbed  6  per  cent,  of  its  weight  or  14,4  gal.  of  water  per 
ton. 

The  volume  of  water  necessary  to  cover  the  saturated  ore  was  27.7 
per  cent,  of  its  weight  or  66.5  gal  per  ton. 

Experiment  No.  1.  Height  of  ore  column,  12  ft.  Water  was  circu- 
lated from  bottom  of  vat  to  top  by  means  of  pump.  Rate  of  percolation 
was  1  gal.  in  30  sec.     At  the  end  of  96  hr.,  it  was  1  gal.  in  35  sec. 

Summary, — The  height  of  the  ore  column  with  4  and  2  mesh  ore  has 
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no  retarding  effect  on  the  rate  of  percolation,  unless  the  ore  is  very  much 
diaint^rated  and  produces  a  good  deal  of  slime.  If  anything,  the  rate 
is  increased  with  increased  height.  Vats  can  therefore  be  constructed 
with  any  convenient  depth,  but  will  probably  not  be  practicable  beyond 
10  or  15  ft.,  depending  of  course  upon  the  character  of  ore  and  method 
of  crushing. 

The  ore  should  be  charged  dry  or  only  moist. 

Lixiviants  can  be  introduced  best  from  the  bottom  of  the  vat  or  down 
one  side  of  the  vat  from  the  top  of  the  ore.  This  allows  the  free  escape 
of  air  and  carbon  dioxide  gas  and  permits  a  rapid  saturation  of  the  ore 
and  filling  of  the  vat.  After  the  ore  is  covered,  the  percolation  of  the 
lixiviant  through  the  ore  should  be  downward.  This  permits  better 
control  of  solutions  and  the  washing  of  the  ore  with  the  minimum  quan- 
tity of  water. 

By  keeping  the  ore  covered  with  solution  and  having  the  pumping  or 
circulating  capacity  a  little  above  the  rate  of  percolation,  channels 
through  the  ore  can  be  detected  and  remedied. 

The  rate  of  percolation  in  this  experimental  vat  may  appear  slow, 
but  when  the  proper  calculation  is  made  for  a  large  vat,  it  will  be  found 
that  considerable  pumping  capacity  will  be  required  to  take  care  of  the 
solution. 

Leaching  Plant  Construction 

To  meet  the  conditions  at  Ajo,  reinforced  concrete  seemed  to  offer 
many  advantages  for  large-sized  leaching  vats.  This  material  has  been 
used  for  a  long  time  at  the  works  of  the  Pennsylvania  Salt  Co.,  at  Natrona 
and  at  Philadelphia,  for  leaching  small  tonnages  of  chloridized  copper 
ores.  The  solutions  there  are  a  mixture  of  sulphate  and  chloride  of  cop- 
per and  contain  from  1  to  2  per  cent,  of  free  acid.  No  protective  coating 
or  lining  has  been  used  for  the  concrete  although  the  new  vat  constructed 
at  Philadelphia  is  lined  with  chemical  brick  laid  with  cement. 

The  stronger  acid  solutions  used  in  leaching  the  Ajo  ores  necessitated 
some  protective  covering  for  the  concrete.  A  paint  of  this  character  is 
made  by  Toch  Brothers.  It  is  known  as  "R.  I.  W.  No.  44"  and  is 
advertised  to  have  the  following  properties: 

"  1.  It  stands  heat  up  to  the  point  of  carbonization. 

"2.  It  withstands  sulphuric  acid,  20**  strength,  for  two  months  without  showing 
the  slightest  sign  of  decomposition. 

"3.  It  withstands  the  action  of  15  per  cent,  sulphuric  acid,  10  per  cent,  copper 
sulphate,  at  a  temperature  of  135**  F.,  for  six  months,  without  showing  any  sign  of  de- 
composition.   Withstands  influence  of  caustic  soda  up  to  about  10  per  cent,  strength. 

•*4.  Two  coats  will  last  for  several  years  on  the  interior  of  stand  pipes.  Steel 
must  be  clean  and  dry  before  material  is  applied. 

"5.  Has  a  record  of  three  years  and  four  months  on  the  interior  walls,  floors  and 
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oeOings  of  storage  battery  rooms  where  the  vapors  of  sulphuric  acid  are  condensed 
twice  a  day.    Three  coats  were  applied. 

''The  dates  of  its  longevity  are  simply  minimum  dates,  as  the  material  lasts  much 
longer  than  our  statements  indicate/' 

The  protection  of  these  concrete  vats  was  submitted  to  Toch  Brothers 
and  they  recommended  the  following  specifications: 

"  Make  your  concrete  a  1:2:4  mix,  using  an  aggregate  graded  up  to  liin., 
adding  3  lb.  of  ''Toxement"  for  each  bag  of  cement  necessary  to  complete  the  opera- 
tion. After  the  concrete  has  set  up  thoroughly  dry,  clean  the  surface  luid  then  i^ly 
one  coat  of  R.  I.  W.  No.  89,  allow  about  36  hr.  for  it  to  dry,  then  apply  a  second  coat 
of  R.  I.  W.  No.  89.  Care  should  be  taken  after  the  first  coat  is  applied  so  that  every 
particle  of  the  surface  is  thoroughly  and  completely  covered.  R.  I.  W.  No.  89  is 
constructed  slightly  different  from  R.  I.  W.  No.  44  in  order  to  meet  your  specifications." 

To  make  a  concrete  vat  acid  proof,  it  must  first  be  made  waterproof. 
For  this  purpose  they  recommended  "Toxement,"  a  patented  preparation 
of  their  own  which  is  advertised  to  be  ''a  colloidal  double  resinate  and 
silicate  of  calcium  and  aluminum." 

A  second  method  of  waterproofing  concrete  was  obtained  from 
BvJletin  No.  46,  U,  S.  Department  of  Agriculture.  In  this  method  crude 
petroleum  or  preferably  residuum  is  mixed  with  the  concrete  as  follows: 

"  For  most  purposes  where  damp  proofing  is  required,  5  per  cent,  of  oil  based  on 
the  weight  of  the  cement  in  the  mixt\u*e  is  all  that  is  necessary.  For  each  bag  of 
cement  (weighing  94  lb.)  4.7  lb.  or  about  2}  quarts  of  oil  are  required. 

*^Mix  the  concrete  in  proportions  of  1  part  cement  to  2  of  sand  and  4  of  broken 
stone  or  gravel.  Add  water  und  thoroughly  mix  until  no  trace  of  oil  is  visible  on  the 
surface.    If  oil-mixed  mortar  is  desired,  prepare  in  the  same  manner  without  the  gravel. 

"The  use  of  5  per  cent,  of  oil  increases  the  time  of  the  initial  set  by  50  per  cent, 
and  the  time  of  the  final  set  by  47  per  cent. 

''Concrete  with  10  per  cent,  oil  has  75  per  cent,  of  the  strength  of  plain  concrete  at 
28  days.  At  the  end  of  one  year  the  strength  of  1  : 3  mortar  suffers  but  little  from  the 
addition  of  oil  in  amounts  up  to  10  per  cent. 

"Oil-mixed  mortar  containing  10  per  cent,  of  oil  is  absolutely  water  tight  under 
pressures  as  high  as  40  lb.  to  the  square  inch.  Oil-mixed  mortar  is  effective  as  a  water- 
proofing agent  under  low  pressures  when  plastered  on  either  side  of  porous  concrete." 

Tests  were  also  made  on  the  acid-resisting  qualities  of  the  following 
brick,  which  might  be  used  for  lining  concrete  vats:  Ordinary  wire-cut 
shale  brick  from  El  Paso;  "acid-proof  tile  "  from  El  Paso;  low-temperature 
fire  brick  from  El  Paso;  "Star"  fire  brick  from  Pueblo,  Col.;  silica  brick 
from  Pueblo,  Col. 

These  bricks  were  allowed  to  stand  three  months  in  10  per  cent, 
sulphiuic  acid  solution;  5  per  cent,  sulphuric  acid  and  5  per  cent,  copper 
sulphate  solution;  and  10  per  cent,  copper  sulphate  solution  (10  per  cent. 
CUSO4  +  5H2O). 

There  was  no  apparent  disintegration  or  injury  to  the  physical 
structure  of  any  of  these  brick  at  the  end  of  the  test. 
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Chemical  analysis  of  the  solutions  likewise  showed  that  none  of  the 
brick  had  been  appreciably  attacked  by  either  acid  or  copper  sulphate 
solutions.  The  solutions  from  the  silica  brick  contained  some  gelatinous 
silica,  which  probably  came  from  the  decomposition  of  the  sodium  silicate 
used  as  a  binder,  but  this  did  not  weaken  the  brick. 

Two  concrete  storage  tanks  were  made  for  holding  wash  water,  in 
order  to  bring  it  up  to  normal  strength  (about  10^  B.)  of  acid  to  be 
used  as  a  lixiviant.  In  practice  it  would  be  better  to.  build  these  tanks 
of  steel  or  wood  and  line  them  with  lead,  but  in  this  experimental  plant 
concrete  was  used  to  determine  its  efficiency  as  well  as  that  of  acid-proof 
paints.     Both  of  these  tanks  were  made  of  oil-mixed  reinforced  concrete. 


•ka^lgti^Ma  £b(g  Witt  ^aMAsJL 
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Fig.  1. — Experimental  Leachinq  Tanks. 


They  were  5  ft.  in  diameter  and  5  ft.  in  depth,  with  walls  8  in.  thick.  One 
was  plastered  inside  with  "Toxement"  mortar  and  tlie  other  with  oil- 
mixed  mortar.  Both  were  painted  inside  with  R.  I.  W.  No.  89  paint  as 
specified.  For  better  protection  from  abrasion,  the  bottoms  of  these 
tanks  were  covered  with  §  in.  or  more  of  hot  asphalt  and  sand,  troweled 
smooth  and  compact  with  a  hot  iron  like  street  paving. 

Five  leaching  vats  were  constructed  according  to  the  general  design 
shown  in  Fig.  1. 

For  convenience  in  subsequent  work  these  vats  were  designated  as 
A,B,C,  D,  and  E,  and  their  individual  construction  was  as  follows: 

Vat  A.    Five  feet  in  diameter  and  5  ft.  in  depth.     Concrete,  mixed 
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with  "  Toxement "  according  to  the  Toch  specifications.  Plastered  inside 
with  cement  mortar  mixed  with  "Toxement,"  Painted  inside  with  three 
coats  of  R.  I.  W.  No.  89  paint.  A  false  lining  of  wood  was  made  to  set  in- 
side this  vat;  but  it  was  impracticable  to  retain  this  lining  without 
scarring  the  paint,  so  it  was  abandoned  at  the  start.  It  was  also  im- 
possible to  keep  the  paint  from  being  worn  off  by  the  ore,  so  the  vat 
was  given  one  coat  of  asphalt  dissolved  in  gasoline  and  then  lined  with 
El  Paso  common  brick.  The  bricks  were  laid  in  hot  asphalt,  and  hot 
asphalt  and  sand  were  poured  between  the  brick  lining  and  the  concrete. 
The  bottom  was  covered  with  asphalt  and  sand,  troweled  smooth  while 
hot. 

Vat  B.  Same  construction  and  dimensions  as  Vat  A.  This  was 
given  two  coats  of  hot  asphalt,  which  was  difficult  to  apply  and  on 
cooling  it  ccHitracted  and  left  pin  holes  of  uncovered  cement.  A  thin 
paint  was  then  made  by  pouring  hot  asphalt  into  gasoline  and  a  coat  of 
this  was  applied  to  the  above.  The  bottom  was  covered  with  asphalt 
and  sand,  troweled  smooth  while  hot. 

Vat  C.  Same  dimensions  as  Vats  A  and  B,  but  made  of  oil-mixed 
concrete  and  plastered  inside  with  oil-mixed  cement  mortar.  A  priming 
coat  of  R.  I.  W.  No.  89  paint  was  applied  to  the  concrete.  On  top  of  this 
was  placed  a  coat  of  hot  asphalt  followed  by  a  coat  of  asphalt  paint  as 
described  under  Vat  B.  The  bottom  was  made  of  hot  asphalt  and  sand, 
as  already  described. 

Vat  D,  This  was  rectangular,  5  by  8  ft.  and  6  ft.  in  depth.  It 
was  made  of  oil-mixed  concrete  and  plastered  inside  with  oil-mixed 
cement  mortar.  The  protective  coatings  were  one  coat  of  R.  I.  W.  No.  89 
and  two  coats  of  asphalt  paint  as  described  above.  The  bottom  was 
covered  with  hot  asphalt  and  sand. 

Vat  E.  Made  of  oil-mixed  concrete  and  plastered  inside  with  oil- 
mixed  mortar.  Diameter  5  ft.  and  depth  10  ft.  Protective  coatings, 
one  of  R.  I.  W.  No.  89  and  one  of  asphalt  paint.  Bottom  covered  with 
hot  asphalt  and  sand. 

The  capacity  of  Vats  A,  B,  and  C  was  between  3  and  4  tons,  respec- 
tively.   Vats  D  and  E  each  held  a  little  more  than  8  tons. 

Three  solution  or  precipitating  tanks,  5  ft.  in  diameter  and  5  ft.  in 
depth,  were  made  and  protected  in  the  same  manner  as  Vat  E. 

Leaching  Plant  Operation 

These  experiments  were  made  on  about  300  tons  of  oxidized  ore 
shipped  from  the  various  shafts  and  test  pits  and  during  the  develop- 
ment of  the  property. 

Test  1. — This  was  made  on  two  cars  of  ore,  or  Lots  1  and  2,  which 
were  crushed  and  mixed  for  treatment.    As  already  stated,  owing  to 
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limited  crushing  facilities,  it  was  necessary  to  crush  with  one  crusher 
and  one  set  of  rolls,  as  much  as  possible  to  2  mesh  and  finer  in  one  opera- 
tion. The  result  of  this  was  only  7.26  per  cent,  of  oversize  and  probably 
a  greater  production  of  fines  than  would  be  obtained  in  practice. 

Lot  1  was  hard  unaltered  ore  similar  to  that  used  in  the  laboratory 
experiments.  Lot  2  was  considerably  altered  by  weathering  and  pro- 
duced a  great  deal  of  fine  material  and  slime. 

A  screen  analysis  of  the  mixture  gave  the  following  results: 

Mesh  Per  Cent. 

2to4 29 

4  to  8 14 

Stole 18 

16  and  finer 39 

The  chemical  analyses  of  the  two  lots  are  given  below: 

Dry  Weight,  Copper, 

Pounds  Per  Cant. 

Lot  1 62,172  1.84 

Lot  2 94,570  1.37 


156,742  1.55 

Chemical  Analyses 

Lot  1        Lot  2                                           Lot  1  Lot  2 

[Per  Cent.  Per  Cent.                                    Per  Cent.  Per  Cent. 

SiOi *      66.7          63.6    Cu,  total 1.84  1.37 

Fe 4.0  4.7    Cu  sol.  in  10 per  cent. 

H,S04 1.66  1.27 

AljOi 14.3          13.4    COj 1.70  1.33 

Ounce  Ounce 

CaO  sol.  in  acid 0.8            0.6    Au 0.01  0.01 


0.8 

0.6 

Au 

0.3 

0.4 

Ag. 

0.08 

0.1 

S,  total 0.3  0.4    Ag 0.20  1.18 

S  as  sulphate 

The  leaching  was  conducted  in  the  manner  described  under  laboratory 
experiments,  namely,  the  partly  neutralized  lixiviant  from  finishing  one 
charge  of  ore  was  neturalized  and  enriched  by  using  it  as  the  first  lixiviant 
on  a  new  charge  of  ore. 

The  details  of  this  test  are  summarized  as  follows: 

Total  ore  leached,  pounds 125,85 

Average  copper  contents,  per  cent 1 .607 

Average  time  of  acid  leaching,  hours T 70.6 

Average  time  of  washing,  hours 5.0 

Final  taOing,  total  copper,  per  cent 0.3 

Pinal  tailing,  soluble  copper,  per  cent 0. 10 

Copper  extracted  per  ton  of  ore,  pounds 24.42 

Per  cent,  extraction 80.3 
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Total  weight  of  material  extracted  from  the  ore,  per  cent 3.5 

A.ctual  percentage  of  copper  extracted 81.0 

Percentage  of  available  copper  extracted 91 .0 

Lixiviant  used  per  ton  of  ore,  gallons 132 

Average  per  cent,  of  acid  in  lixiviant 9.24 

Acid  consumed  per  poimd  of  copper  dissolved,  pounds 3.4 

Wash  water  used  per  ton  of  ore,  gallons 13S 

Rate  of  percolation,  measured  in  inches  of  solution  above  the  ore  in  vat, 

inches  per  hour , 90 

Copper  accounted  for  in  solution,  of  the  total  amount  extracted  from  the 

ore  by  difference  between  heads  and  tails,  per  cent 92.2 

Average  value  of  nearly  neutralized  lixivium  sent  to  precipitating  vats: 

Copper,  per  cent 2.22 

Iron,  per  cent 0.42 

Alumina,  per  cent 0.47 

The  average  grade  of  the  ore  in  this  test  was  lower  than  that  used  in 
the  laboratory  tests.  There  is,  however,  not  likely  to  be  a  corresponding 
decrease  in  value  of  the  tailing  from  a  1.5  per  cent,  ore,  below  those  ob- 
tained from  a  2.0  per  cent,  ore,  so  the  percentage  of  extraction  decreases 
rapidly  in  proportion  to  the  decrease  in  the  grade  of  the  ore. 

The  ore  was  charged  dry  into  the  vats.  The  lixiviants  were  ad- 
mitted on  top  of  the  ore  but  at  one  side  of  the  vat,  and  no  faster  than 
could  be  absorbed  by  the  charge.  By  making  a  little  dam  on  top  of  the 
charge,  the  lixiviant  passed  immediately  to  the  bottom  of  the  vat  and 
saturated  the  charge  from  below,  thus  permitting  the  escape  of  air  and 
gas. 

The  soluble  copper  in  the  tailing  was  determined  by  boiling  the 
laboratory  sample  (100  mesh)  in  10  per  cent,  sulphuric  acid.  The  copper 
not  soluble  by  this  treatment  must  exist  as  sulphide  or  as  other  minerals 
in  the  ore,  not  capable  of  being  extracted  by  sulphuric  acid  and  therefore 
is  not  available  by  this  metallurgical  process. 

Teats  2  and  3. — These  were  made  on  car  lots  3  and  4  treated  separately. 

The  ore  was  soft  and  much  the  same  in  character  as  Lot  2.  It  pro- 
duced considerable  fine  material  on  crushing. 

Lot  3  was  crushed  to  ^-in.  mesh. 

Lot  4  under  similar  conditions  crushed  almost  to  ^-in.  mesh,  as 
shown  by  screen  analyses. 

Lot  3  Lot  4 

Mesh                                                Per  Cent.  Per  Cent 

-2+4 16  6 

-4+8 27  27 

-8+16 17  21 

-16 40  46 

Dry  Weight  Copper 

Pounds  Per   Cent. 

Lot  3 111,230  1 .48 

Lot  4 89,670  1.44 
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Lot  3 
Per  Cent. 

SiO, 64.00 

Fe 4.20  4.20 

AljOi 14.30        15.10 

CaO  sol.  in  acid 0.45  0.60 

S,  total 0.20  0.20 

S  as  sulphate 0.04         0.06 


Chemical  Analyses 

Lot  4 
Per  Cent. 

63.30    Cu  total 


Cu  sol.  in  10  per  cent. 

H,S04 

CO, 


Au. 
Ag.. 


Lot  3 

Lot  4 

Per  Cent. 

Per  Cent 

1.48 

1.44 

1.32 

1.30 

1.42 

1.43 

Ounce 

Ounce. 

0.01 

0.01 

0.19 

0.17 

The  results  from  these  tests  are  shown  on  the  following  table: 

Test  2  Test  3 

Pounds  ore  leached 90,533  80,468 

Per  cent,  copper 1 .  44  1 .  43 

Average  hours  acid  leaching 70  100 

Average  hours  washing 7  23 

Final  tailing,  per  cent,  total  copper 0.27  0.40 

Final  tailing,  per  cent,  soluble  copper 0. 23  0. 38 

Pounds  copper  extracted  per  ton  of  ore 23 . 3  20. 6 

PercentEtge  of  copper  extracted 81 . 2  71 .8 

Total  per  cent,  of  material  extracted  from  ore 3.0  3.0 

Actual  percentage  of  copper  extracted 81 .8  72.7 

P^oentage  of  available  copper  extracted 83 .5  73 '  0 

Gallons  Uxiviant  used  per  ton  of  ore 123  137 

Average  per  cent,  add  in  lixiviant 9.5  7.0 

Pounds  acid  consumed  per  pound  copper  dissolved 3.5  3.3 

Gallons  wash  water  used  per  ton  of  ore 135  177 

Rate  of  percolation  in  inches  per  hour,  measured  in  inches 

of  solution  above  the  ore  in  vat 43  11 

Copper  accounted  for  in  solution  Combined  with  Test  4. 
Average  value  of  nearly  neutralized  lixivium  sent  to  pre- 
cipitating vats: 

Copper,  per  cent 2.41  2.90 

Iron,  per  cent 0.56  0.70 

Alumina,  per  cent 0. 53  0. 73 

These  results  show  very  clearly  the  eflfect  of  finer  crushing  on  the 
same  grade  and  character  of  ore.  Both  of  these  lots  were  substantially 
the  same  character  of  ore  in  every  respect.  They  were  very  much  altered 
by  oxidation  and  contained  practically  no  insoluble  copper  in  the  tailing, 
although  the  ore  itself  showed  0.08  to  0.10  per  cent.,  probably  as  cuprite, 
which  dissolved  in  the  ferric  salts  extracted  from  the  ore. 

The  extraction  on  the  4-mesh  material  was  9.4  per  cent,  lower  and  the 
rate  of  percolation  dropped  to  one-quarter  of  that  on  the  2-mesh  material. 
Hence  much  more  time  was  consumed  in  leaching  and  washing  the  ore, 
witii  poorer  results.  Even  on  the  2-mesh  ore  the  rate  of  percolation  was 
only  half  that  of  the  harder  ore  in  Test  1,  showing  the  effect  of  increased 
kaolinization  of  the  ore. 
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In  order  to  determine  the  relative  value  of  samples  from  the  top,  and 
other  parts  of  the  charge,  and  also  to  determine  whether  the  charges 
were  leaching  uniformly  or  in  channels,  a  number  of  samples  were  taken 
from  different  charges  at  each  foot  in  depth.  This  was  done  by  removing 
h^lf  the  charge  from  the  vat  and  sampling  the  standing  face  of  the  remain- 
ing half  of  the  charge  across  each  foot  of  vertical  section  at  a  point  half 
way  between  the  center  plug  and  the  side  walls  of  the  vat. 

A  general  sample  was  also  taken  in  this  manner,  to  check,  not  only 
the  sectional  samples,  but  also  the  one-tenth  portion  of  the  entire  charge 
which  was  quartered  in  the  usual  manner  for  a  tailing  sample. 

These  results  show  that  the  leaching  is  very  uniform  throughout 
the  charge  on  evenly  distributed  2-mesh  material,  and  that  samples 
taken  from  the  top  of  the  charge  may  be  used  for  preliminary  tailing. 

Charge  22,     Charge  24,     Charge  25, 
Lot  3,  Test  4  Per  Cent.        Per  Cent.      Per  Cent. 

Cu  Cu  Cu 

Sample 

First  foot,  top 

Second  foot 

Third  foot , 

Fourth  foot 

Average 0.27  0.28  0.29 

One-tenth  portion  of  charge 0.26  0.27  0.26 

Similar  samples  from  the  4-mesh  material  (Car  Lot  4,  Test  3)  did 
not  give  as  uniform  results.  This  contained  not  only  much  more  fine 
material,  but  about  5  per  cent,  colloidal  slime,  as  compared  with  2  per 
cent,  colloidal  slime  in  the  hard  ore.  Even  though  the  ore  was  charged 
dry,  this  fine  material  was  found  to  be  irregularly  s^regated  from  the 
charging  and  apparently  not  from  the  action  of  the  lixiviants.  This 
segregation  produced  irregularities  in  the  extraction  by  interference  with 
the  percolation  and  washing. 

The  results  from  the  sectional  sampling  are  given  below: 


0.26 

0.35 

0.25 

0.27 

0.30 

0.25 

0.27 

0.23 

0.30 

0.20 

0.26 

0.35 

Sample 

First  foot,  top 

Second  foot 

Charge  26, 
Per  Cent. 
Cu 
....      0.24 
0.21 

Charge  27,  Charge  28,  Charge  29, 
Per  Cent.    Per  Cent.  Per  Cent. 
Cu              Cu              Cu 
0.31           0.23           0.46 
0.38            0.44            0.75 
0.40            0.27            1.10 
0.33           0.78           0.83 

0.31 

0.44 

0.46 

0.31 

0.75 

Charge  32, 

Per  Cent. 

Cu 

0.24 

0.44' 

Third  foot 

0.33 

0.34 

Fourth  foot 

0.34 

0.35 

Fifth  foot 

Sixth  foot 

Seventh  foot 

Eighth  foot 

Ninth  foot 



Average 0.28  0.35  0.43  0.60  0.36 

General 0.24  0.28  0.37  0.44  0.35 

One-tenth  portion  of  charge      0.26  0.37  
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The  soluble  copper  in  aU  of  the  tailings  from  these  two  lots  of  ore 
shows  its  weathered  condition  by  the  almost  total  absence  of  copper  as 
cuprite  or  sulphide. 

The  difficulty  in  extracting  this  copper  led  to  a  more  detailed  analysis 
of  the  tailings  to  determine  whether  the  copper  was  retained  by  the 
coarse  material  alone,  or  whether  the  colloidal  slime  also  had  a  tendency 
to  absorb  and  retain  copper  even  after  it  had  gone  into  solution. 

These  results  are  interesting  since  they  show  that  the  colloidal  slime 
absorbs,  or  retains  mechanically,  as  much  copper  as  is  held  by  the  coarse 
material.  As  anticipated,  there  is  also  an  increase  in  the  per  -^ntage  of 
alumina  in  the  fine  material. 

Screen  and  Chemical  Analyses  of  Charge  25,  Lot  3,  Test  2 
Size  of  Material,  Per  Gent.  Per  Cent.   Per  Cent.   Per  Cent.   Per  Cent.   Per  Cent. 
Mesh  of  Weight    of  Value     of  Copper  Sol.  Copper  of  Silica  of  Alumina 


+4 

9.3 

15.2 

0.47 

0.39 

68.0 

12.6 

+8 

32.5 

30.6 

0.27 

0.20 

69.6 

12.7 

+16 

23.2 

19.5 

0.24 

0.18 

68.5 

13.9 

+30 

14.0 

10.8 

0.22 

0.17 

66.0 

14.0 

+60 

4.7 

4.3 

0.26 

0.19 

66.9 

13.5 

+100 

7.0 

6.6 

0.27 

0.21 

66.3 

13.1 

-100 

9.3 

13.0 

0.40 

0.37 

63.3 

16.4 

100.0 

100.0 

0.28 

0.22 

67.7 

12.6 

Screen  and  Chemical  Analyses 

1  of  Charges  29  and  30,  Lot  4, 

Test  3 

Charge  29 

Charge  30 

Sise  of  Material, 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Mesh 

Weight 

Cu 

Sol.  Cu 

Weight 

Cu 

Sol.  Cu 

+4 

11.8 

0.65 

0.65 

7.5 

0.62 

0.61 

+8 

25.9 

0.54 

0.53 

24.6 

0.47 

0.46 

+16 

16.0 

0.51 

0.50 

15.1 

0.55 

0.5S 

+30 

16.8 

0.54 

0.54 

17.0 

0.58 

0.58 

+60 

7.0 

0.59 

0.58 

9.4 

0.65 

0.64 

+100 

8.0 

0.59 

0.59 

15.1 

0.70 

0.70 

-100 

14.5 

0.57 

0.57 

11.3 

0.77 

0.77 

Average 

100.0 

0.56 

0.55 

100.0 

0.60 

0.59 

General  samples 

.... 

0.44 

0.42 

.... 

This  retention  of  the  copper  by  the  slime  was  also  noticeable  in 
washing  the  ore.  Although  the  charges  in  Lot  4,  Test  3,  were  washed 
a  much  longer  time  and  with  50  per  cent,  more  water  than  those  in  the 
previous  tests,  the  analyses  of  the  wash  waters  showed  a  very  slow  removal 
of  the  copper.  Where  the  percolation  was  slow  and  the  tailings  high, 
even  the  sixth  volume  of  wash  water  contained  a  high  percentage  of 
copper,  while  the  acid  was  removed  as  readily  as  in  previous  tests.  This 
confirms  the  weU-known  properties  of  colloidal  or  argillaceous  material  for 
retaining  mineral  salts. 

Digitized  by  LjOOQ  IC 


1902  LEACHING  EXPERIMENTS  ON  THE  AJO  ORES 

The  rate  of  percolation  in  Test  3,  Lot  4,  dropped  to  one-eighth  of  the 
rate  in  Test  1. 

The  acid  consumption  in  these  two  tests  was  substantially  the  same  as 
in  Test  1.  The  average  strength  of  the  acid  used  in  Test  3  was  7  per  cent, 
as  compared  with  9.25  per  cent,  and  9.5  per  cent,  in  the  preceding  tests. 
In  this  test  partly  neutralized  lixiviants  were  used  on  new  ore  in  every 
charge,  which  could  not  always  be  done  in  the  other  tests.  This  had  a 
tendency  to  lessen  the  consumption  of  acid,  and  neutral  or  nearly  neutral 
solutions  could  be  sent  to  the  precipitating  tanks.  As  stated  before,  if 
the  acid  contents  of  these  lixiviants  are  too  low  and  they  become  com- 
pletely neutralized,  part  of  the  copper  is  reprecipitated  in  the  ore.  It 
would  therefore  be  advisable  to  send  the  lixivium  to  the  precipitating 
tanks  slightly  acid.  Lixiviums  containing  relatively  high  percentages  of 
ferric  sulphate,  and  perhaps  aluminum  sulphate  in  the  form  of  alum, 
show  an  acid  reaction  that  corresponds  to  0.2  per  cent,  to  0.5  per  cent. 
of  sulphuric  acid. 

Test  4. — This  was  made  on  Car  Lot  5. 

Dry  weight,  pounds 96,924 

Per  cent,  copper 1 .20 

This  ore  was  hard  and  contained  more  sulphides  and  cuprite  than  the 
previous  lots  except  Lot  I, 

Chemical  Analysis 

Per  Cent.  Per  Cent 

Si02 65.60  Cu,  total 1.20 

Fe 3.90  Cu,  sol.  in  10  per  cent.  H8SO4.       1 .04 

AI2O3 14.60  CO2 0.59 

CaO  sol.  in  acid 0.80  Ounce 

MgO 1 .  15  Au 0.01 

S,  total 0.44  Ag 0.17 

S  as  sulphate trace 

The  ore  treated  was  screened  through  i-in.  or  2-mesh  screen.  Only 
27.5  per  cent,  was  finer  than  16  mesh  as  compared  with  40  per  cent,  in  the 
preceding  tests. 

Screen  Analysis 

Mesh                                Per  Cent.  Weight  Per  Cent.  Copper 

+4 26.2                                        1.04 

+8 30.3                                        l.Il 

+  16 16.0                                       1.28 

+30 11.3  ^ 

+60 5.5 

+  100... 5.0 

-100 5.7 


1.40 

^^^  1.92 

1.94 


100.0  1.37 
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The  results  from  leaching  this  material  are  shown  on  the  following 
table. 

The  oversize  from  Lots  3,  4  and  5,  amounting  to  4  per  cent,  of  the 
total  ore  treated  and  ranging  from  }  to  1  in.  in  size,  was  recrushed  to 
pass  a  2-mesh  screen  and  leached  separately.  This  oversize  was  sub- 
stantially the  same  in  character  as  the  finer  material  but  had  passed 
through  the  rolls  uncrushed  due  to  the  irregular  hand  feeding. 

A  screen  analysis  of  the  recrushed  oversize  gave  the  following 
results: 

Mesh 

+4 

+8 

+16 

-16 


The  leaching  tests  on  this  product  are  also 
ing  table: 


Pounds  ore  leached 

Per  cent,  copper 

Average  hours  add  leaching 

Average  hours  washing. 

Final  taflings,  per  cent,  total  copper 

Final  tailings,  per  cent,  soluble  copper 

Poimds  copper  extracted  per  ton  of  ore 

Percentage  of  copper  extracted 

Total  percentage  of  material  extracted  from  the  ore 

Actual  percentage  of  copper  extracted 

Percentage  of  avulable  copper  extracted 

Gallons  lixiviant  used  per  ton  of  ore 

Average  per  cent,  add  in  lixiviant 

Pounds  add  consumed  per  pound  of  copper  dissolved 

Gallons  wash  water  used  per  ton  of  ore 

Rate  of  percolation  in  inches  per  hour,  measured  in 
indies  of  solution  above  ore  in  vat 

Per  cent,  of  copper  accounted  for  in  solution,  of  the  total 
amount,  extracted  from  the  ore  by  difference  between 
heads  and  tails.  (Combined  solutions  from  Tests  2, 
3,  and  4) 

Average  value  of  nearly  neutralized  lixivium  sent  to 

precipitating  vats 

Copper,  per  cent 

Iron,  per  cent 

Ahmiina,  per  cent 


Per  Cent 

32.0 

26.3 

14.7 

27.0 

[)wn  in 

the  follow 

Recrushed 

Test  4 

Oversize 

Tests  2, 3 

and  4 

77,636 

10,300 

1.29 

1.49 

77 

90 

10 

10 

0.32 

0.24 

0.16 

0.16 

19.3 

25.2 

76.0 

83.8 

3.0 

3.0 

75.8 

84.4 

82.9 

91.2 

120 

145 

9.3 

10.8 

4.3 

3.8 

666 

712 

161 


99.8 


2.30 
0.56 
0.66 


75 


The  lower  extraction  in  this  test  is  due  to  the  lower  grade  of  the 
pre  and  the  high  percentage  of  sulphides  in  the  ore.    I  have  invariably 
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found  in  experimenting  with  low-grade  ores  that  the  value  of  the  tailing  is 
a  very  constant  factor,  whether  the  value  of  the  ore  be  $5  or  $10  per  ton. 

In  the  analyses  of  the  tailings  in  Tests  2  and  3  we  found  that  prac- 
tically all  of  the  copper  was  soluble  copper  and  that  the  extremely  fine 
material  carried  more  copper  than  some  of  the  coarser  sizes. 

In  this  test  several  charges  of  the  leached  ore  were  washed  with  as 
much  As  1,500  gal.  of  water  per  ton,  or  until  the  final  wash  water  showed 
no  copper  or  acid,  which  accounts  for  the  high  average  volume  of  wash 
water  in  the  results  given  above.  This  extra  and  complete  washing  had 
absolutely  no  effect  on  the  soluble  copper  in  the  tailings,  which  remained 
as  high  as  in  charges  washed  with  one-tenth  of  the  water. 

The  f oUowing  screen  analyses  on  the  tailings  from  two  of  these  charges 
show  that  even  the  finest  material  retains  copper  soluble  in  sulphuric 
acid  that  will  not  wash  out.  Charge  41  came  from  E  vat,  9  ft.  in  depth, 
and  Charge  43  came  from  A  vat,  4  ft.  in  depth. 

Charge  41  Charge  43 

Per  Cent.  Per  Cent.  Per  Cent.  Per  Cent.  Per  Cent.  Per  Cent. 

Size  of  Material  Weight  Total  Cu  Sol.  Cu  Weight  Total  Cu  Sol.  Cu 
Mesh 

+4 27.8  0.30  0.23  23.5  0.32  0.24 

+8 30.9  0.27  0.20  34.7  0.17  0.11 

+16 16.6  0.32  0.21  16.5  0.12  0.08 

+30 10.8  0.34  0.25  9.6  0.18  0.13 

+60 4.6  0.49  0.30  6.2  0.34  0.19 

+100 3.6  0.50  0.33  4.3  0.38  0.19 

-100 5.7  0.55  0.36  6.3  0.65  0.32 

Totals 100.0  0.33  0.23  100.0  0.24  0.16 

Original  tailings      0.30  0.13  0.24  0.15 

This  fact  points  to  the  importance  of  studying  carefully  the  gangue 
of  an  ore,  even  if  it  may  not  be  acid  consuming.  The  ability  of  argil- 
laceous and  some  colloidal  material  to  absorb  and  retain  mineral  salts 
is  well  known  and  these  experiments  ^ave  shown  it  to  be  quite  a  factor  in 
leaching  raw  oxidized  porphyry  ores  with  sulphuric  acid. 

An  effort  was  made  to  determine  the  rate  of  extraction  of  copper 
from  the  ore  by  the  several  lixiviants.  To  do  this  the  ore  and  lixiviant 
were  sampled  every  2  hr.  The  ore  samples  were  taken  from  the  top  of 
the  charge  and  the  results  obtained  from  them  were^not  entirely 
satisfactory,  but  were  the  best  obtainable. 

The  first  charge  tested  in  this  way  was  Charge  20,  Test  2.  Two 
strong  lixiviants  were  used  on  this  charge — the  first  containing  14.2 
per  cent,  acid  and  the  second,  12.7  per  cent.  acid.  The  results  are 
shown  in  the  following  table  and  are  graphically  presented  in  Pig.  2. 
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Ore,  Charge  20,  Vat  D. 
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Leaching    Experiments  on  Charge  20,     Vat  D.    Relative  Variations  in 
Copper  and  Acid  Contents  of  Lixivium  and  Ore 

Sample  Time 

First  Ldxiviant 

3  p.m 

5  p.m 

7  p.m 

9  p.m 

11  p.m 

I  a.m 

3a.m 

6  a.m 

7  a.m 

9  a.m 

II  a.m 

I  p.m 

Seoond  Lixiviant 

3  p.m 

5  p.m 

7  p.m 

9p.m 

II  p.m 

1  a.m 

3  a.m 

5  a.m 

7  a.m 

9  a.m 

11  a.m 

1  p.m 

3  p.m 


The  next  test  was  made  on  Charge  38,  Test  4.  This  is  more  com- 
plete and  shows  the  relative  variations  in  the  copper  and  acid  contents 
of  iixiviants  and  ore  and  also  the  quantities  of  iron  and  alumina  passing 
into  solution. 

The  first  lixiviant  used  here  was  a  partly  neutralized  one  from  a 
previous  charge.  This  was  followed  by  two  new  Iixiviants,  each  contain- 
ing 10  per  cent.  acid. 


Ore 

Solution 

Per  Cent. 

Cu, 

H.SO4, 

Cu 

Per  Cent. 

Per  Cent. 

1.47 

0.7 

14.2 

0.47 

2.0 

7.7 

0.55 

2.8 

5.4 

0.55 

3.0 

4.0 

0.38 

3.2 

3.0 

0.28 

3.5 

2.5 

0.35 

3.6 

2.2 

0.35 

3.7 

1.8 

0.35 

3.7 

1.6 

0.41 

3.7 

1.4 

0.30 

4.0 

1.2 

0.69 

4.3 

1.1 

0.31 

0.4 

12.7 

0.31 

1.7 

8.1 

0.32 

2.2 

6.8 

0.32 

2.5 

6.2 

0.28 

2.7 

5.7 

0.32 

2.9 

4.8 

0.28 

2.8 

4.7 

0.27 

3.1 

4.6 

0.25 

3.1 

4.5 

0.35 

3.1 

4.2 

0.29 

3.2 

4.0 

0.29 

3.1 

3.8 

0.34 

3.0 

3.5 

-Lixiviums- 


_.         ,01         Percent.     H2SO4  Cu,  Per    AI2O,     ,^^®,,  ,r^^%  rx?^^     n 

Tmie  of  Sample       ^^  ^  ^^  p^^  ^^^^  ^^^  p^^  ^^^  (Tota  )  (Fernc)  (Ferrous) 

„.    ^T-  •  •     A  PerCt.  PerCt.  PerCt. 

First  Lixiviant 

1  p.m 1.30  4.00  1.40  

3  p.m 0.99  1.99  2.06  0.66        0.83  0.50  0.33 

5p.m 1.02  1.39  2.27  0.70        0.80  0.41  0.39 

7p.m 0.81  2.40  0.74        0.82  0.44  0.38 

9p.m 1.10  0.34  2.52  0.74        0.80  0.40  0.40 
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Second  Lixiviant  10.31 

llp.m 0.56  6.52 

la-m 0.61  4.74 

3ajn 0.63  3.51 

5a.m 0.64  3.02 

7a.m 0.36  2.68 

9  a.m 0.36  2.13 

11  a.m 0.38  1.78 

lp.m 0.36  1.48 

3p.m 0.28  1.32 

5p.m 0.26  1.01 

7pjn 0.28  0.82 

9p.m 0.29  0.72 

Third  Lbdviant             10.00 

llp.m 0.32  6.36 

la.m 0.47  4.70 

3  a.m 0.29  3.88 

5a.in 0.38  3.44 

7  a.in 3.06 

9.  a.m 0.28  2.68 

lla.m 0.31  2.30 

lp.m 0.24  2.00 

3p.m 0.29  1.80 

5p.m 0.36  1.64 

7p.m 0.32  1.48 

9p.m 0.33  1.44 


0.90 

0.67 

0.62 

0.49 

0.13 

1.68 

0.67 

0.63 

0.30 

0.33 

2.18 

0.61 

0.72 

0.38 

0.34 

2.40 

0.66 

0.71 

0.35 

0.36 

2.48 

0.67 

0.72 

0.33 

0.39 

2.62 

0.61 

0.86 

0.46 

0.41 

2.64 

0.77 

0.86 

0.43 

0.42 

2.61 

0.79 

0.81 

0.42 

0.39 

2.69 

0.87 

0.76 

0.34 

0.42 

2.78 

0.77 

0.87 

0.43 

0.44 

2.90 

0.87 

0.89 

0.38 

0.61 

2.99 

0.89 

0.88 

0.38 

0.60 

3.00 

0.94 

0.89 

0.40 

0.49 

0.40 

0.42 

0.16 

0.26 

1.38 

0.68 

0.60 

0.28 

0.32 

1.84 

0.62 

0.67 

0.31 

0.36 

2.02 

0.67 

0.70 

0.29 

0.41 

2.03 

0.76 

0.74 

0.33 

0.41 

2.32 

0.77 

0.83 

0.42 

0.41 

2.40 

0.87 

0.87 

0.46 

0.41 

2.47 

0.89 

0.88 

0.47 

0.41 

2.64 

0.93 

0.96 

0.63 

0.43 

2.64 

0.96 

0.98 

0.43 

0.66 

2.64 

0.99 

1.00 

0.49 

0.61 

2.64 

1.03 

1.04 

0.61 

0.63 

2.64 

0.98 

1.09 

0.65 

0.54 

The  percentage  of  copper  dissolved  from  the  ore  by  the  several  lix- 
iviants  in  this  experiment,  as  accounted  for  by  the  copper  in  solution, 
was  as  follows: 


First  lixiviant. . 
Second  Uxiviant 
Third  lixiviant. . 
Wash  water. . . . 

Totals 


Hours 

Pounds  Copper 

Per   a.   of  the 

on  Ore 

Taken  into  Solution 

Total  Copper 
Extracted 

8 

31 

23.7 

24 

34 

25.9 

24 

51 

38.9 

7 

15 

11.5 

63 


131 


100.0 


The  hxiviants  slowly  dissolved  iron  and  alumina  from  the  ore,  reach- 
ing a  maximum  of  about  1  per  cent,  of  each  constituent.  About  one-half 
of  the  iron  was  in  the  ferric  condition,  which  is  of  value  in  dissolviDg 
copper  as  has  already  been  explained. 
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These  results  are  graphicaUy  shown  by  Fig.  3. 
•  In  the  foregoing  tests  the  acid  consumption  was  nearly  3.6  lb.  instead 
of  under  3  lb.  as  obtained  in  the  laboratory  experiments.  While  this  was 
undoubtedly  due  to  the  more  decomposed  ore  used  in  the  larger  experi- 
ments, yet  it  might  be  possible  to  secure  a  selective  action  of  the  acid  for 
the  copper  by  using  weaker  lixiviants  and  leaching  the  ore  a  longer  time. 
If  this  is  true,  less  iron  and  alumina  would  pass  into  solution  and  less 
acid  would  be  consumed. 

The  reject  from  the  charge  samples  of  Tests  1,  2,  3,  and  4  amounted 
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Fig.  3. — Relative  Variations  in  Copper  and  Acid  Contents  of  Lixivittm  and 

Ore,  Charge  38,  Vat  D. 


to  30,345  lb.  In  order  to  test  the  advisability  of  leaching  the  ore  with 
weaker  acid  and  taking  more  time  for  the  operation,  this  reject  was 
treated  in  the  experimental  plant  with  an  average  of  5.25  per  cent,  acid 
lixiviant.  The  first  lixiviant  used  on  each  charge  was  the  partly  neutral- 
ized lixiviant  from  a  previous  charge  that  had  been  treated  with  a  10 
per  cent,  acid,  and  already  contained  1.16  per  cent,  copper.  Each  charge 
was  also  saturated  with  water  before  putting  on  the  lixiviant,  to  determine 
if  this  would  effect  any  saving  in  acid. 
The  results  were: 
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Vat. 
No. 


Charges 


I 


3 


Tailings 


6% 


II 


5 

3 


Extraction 


6 


'i 


\i 


I     Per 
Cent. 
Acid 


I 


^ 


8   § 


;§! 


II 


.-2  - 

3.0 
2.0 
2.0 


6,020 
7,825 
D 16,500 


A. 
B. 


1.42  85 
1.40109 
1.76  290 


Total...  30,345;  1.60 


484 


0.72 
0.32 
0.40 


O.6O; 
0.23 
0.36 


43 
25 
66 


0.44 


0.37|134 


42 

84 

234 


14.0 
21.5 
28.4 


49.5 
77.0 
77.2 


350 


23.0  172.3 


96 
120 
144 


120 


24hr.'5.50 
24hr.|5.20 
24hr.5.10 


.15.25  tr 


2.1 


The  relative  percentages  of  copper,  iron,  and  alumina  dissolved  by 
the  several  lisdviants  on  each  charge  are  shown  below.  Owing  to  the  in- 
complete extraction  and  shorter  time  of  leaching  on  Vat  A,  those  results 
are  not  comparable  and  are  omitted. 


Vat  5 


Extracted  by 

Hours  on 

Ore 

1 

Per  Cent.  Acid 

Relative 

Cu 

1 

>  Percentages  Dis- 
solved 

Going  On 

GoingOfif 

Fe       1  AI2O. 

I 

First  lixiviant 

1        24 
24 
24 

'         24 
24 

5.60     i    trace 

1.0 
20.3 
22.1 
28.3 
27.3 

0.0     1       0.0 

5.40 
5.40 
4.79 
4.79 

trace 
trace 
trace 
trace 

31.9 
21.3 
21.3 
25.5 

17.6 

Third  Uxiviant 

18.9 

Fourth  lixiviant.  .,-,,- 

29.7 

PSfth  llYlvii^Tltr ,      . , 

33.8 

1                        5.20 

100.0 

100.0     1  100.0 

VatD 

Extracted     by 

Hours  on 
Ore 

Per    Cent.  Acid 

Relative 

Percentages  Dis- 
solved 

Going  On 

Going  Off 

Cu 

Fe      1    AlaO. 

Finit  Inriviant 

24 
24 
24 
24 
24 
24 

5.60 
5.40 
5.40 
4.79 
4.79 
4.79 

trace 
trace 
trace 
trace 
trace 
trace 

1.0 
16.4 
19.0 
21.9 
20.9 
20.2 

1 

0.0 
18.2 
10.2 
21.6 
21.6 
28.4 

0 

Second  lixiviant 

8.8 

Thifd  lixiviant. ...... 

15.5 

Fourth  lixiviant 

26.3 

Fifth  lixiviant 

25.5 

Sixth  lixiviant 

23.9 

5.10 

1  100.0 

100.0 

100.0 
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The  ore  being  saturated  with  water  in  each  of  these  charges,  each  lix- 
iviant  put  on  represented  one  volume  of  solution,  or  enough  to  fill  the  inter- 
stices and  cover  the  charge.  The  results  in  each  case  show  that  the  first 
lixiviant,  containing  5.60  per  cent,  acid,  was  but  little  more  than  enough 
to  destroy  the  alkalinity  of  the  ore  and  very  little  of  the  copper  was  dis- 
solved. In  fact,  the  first  lixiviant  coming  from  Vat  A  contained  less 
copper  than  it  did  going  on,  showing  that  the  acid  was  not  sufficient 
to  destroy  the  alkalinity  of  the  ore  and  some  of  the  copper  was  reprecipi- 
tated  in  the  ore.  This  confirms  the  results  already  obtained  in  the 
experimental  plant,  where  there  was  usually  very  little  increase  and  some- 
times a  considerable  decrease  in  the  copper  contents  of  the  first  lixiviant 
if  the  free  acid  and  ferric  sulphate  in  solution  were  not  sufficient  to  destroy 
the  alkalinity  of  the  ore.  Therefore  it  is  a  waste  of  time  and  expense  to 
use  lixiviants  too  weak  to  accomplish  this  purpose  and  to  bring  about  a 
maximum  solution  of  copper  with  the  first  lixiviant. 

On  the  other  hand,  where  a  10  per  cent,  or  stronger  acid  was  used, 
75  or  90  per  cent,  of  the  total  copper  dissolved  can  be  extracted  by  the 
first  lixiviant  in  36  to  48  hr. 

Each  succeeding  lixiviant  dissolved  about  the  same  amount  of  copper 
and  a  corresponding  amount  of  iron  and  alumina.  As  in  the  laboratory 
tests,  iron  dissolved  relatively  as  rapidly  as  the  copper  while  the  alumina 
dissolved  in  increasing  proportions  with  each  succeeding  lixiviant. 

The  final  lixiviants  on  each  charge  were  made  from  new  acid. 

That  the  extraction  was  not  completed,  even  at  the  end  of  the  sixth 
day  on  Vat  Z>,  is  shown  by  the  complete  neutralization  of  the  acid  in  the 
final  lixiviums  and  no  decrease  in  their  copper  contents.  Had  the  leach- 
ing been  continued  to  the  complete  extraction  of  the  copper,  the  increasing 
percentage  of  alumina,  together  with  the  iron  passing  into  solution, 
would  no  doubt  have  increased  the  acid  consumption  to  approximately 
that  already  obtained  in  the  experimental  plant. 

It  was  found  inadvisable  to  saturate  the  ore  with  water  before  apply- 
ing the  first  lixiviant.  This  water  must,  of  course,  be  replaced  by  the  acid 
before  the  copper  can  be  dissolved  and  the  interchange  takes  place  but 
slowly  through  the  pores  of  the  ore. 

The  acid  lixiviants  should  be  applied  to  the  dry  ore. 

Summary  of  Operatiorib 

Analysis  of  a  composite  sample  of  the  five  lots  of  ore  treated  gave  the 
following  results: 
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Calculated 
from  Five 
Samples, 


Com- 
posite 
Sample, 


Per  Cent.  Per  Cent. 


Calculated 

from  Five 

Samples, 

Per  Cent. 


Cu,  total 1.44 

Cu  sol.  in  10  per  cent. 

H,S04 

CO, 


Au. 
Ag. 


1.31 
1.30 
Ounce 
0.01 
0.18 


Com- 
posite 
Sample, 
Per  Cent. 
1.45 

1.32 
1.26 
Ounce 
0.01 
0.18 


SiOi 64.27  63.29 

Fe 4.18  4.20 

AltOt 14.73  14.30 

CaO  sol.  in  acid 0.63  0.90 

MgO 0.80 

MnO 0.14 

S,  total 0.32  0.27 

S  as  sulphate 0.05  0.10 

The  average  grade  of  this  entire  quantity  of  ore  was  much  lower 
than  anticipated  and  lower  than  that  used  for  the  laboratory  experiments. 

All  of  the  ore  treated  pasised  through  a  2-mesh  screen  except  the 
oversize  from  Test  1,  which  amounted  to  9,818  lb.  This  oversize 
ranged  between  0.5  and  1  in.  in  size  and  was  treated  by  itself  as  a  special 
experiment  to  conform  more  closely  to  the  practice  of  the  Arizona  Copper 
Co.  at  Clifton. 

The  fir^t  charge  was  leached  only  20  hr.  and  gave  an  extraction 
of  51.7  per  cent.  The  second  charge  was  leached  39  hr.  and  gave  an  ex- 
traction of  71  per  cent.,  making  an  average  leaching  time  of  about  30  hr. 
and  yielding  an  average  extraction  of  61.3  per  cent.  If  the  time  of  leach- 
ing had  been  prolonged  to  70  hr.,  corresponding  to  that  of  the  2-mesh 
material,  the  extraction  of  the  whole  lot  would  undoubtedly  have  been  as 
good  as  that  of  the  2-mesh  material  alone,  for  by  combining  the  results, 
we  have: 


Extn 

Lb.  Cu  per 
Ton 

iction 

Size  of  Material, 
Inches 

1    Per  Cent., 
Weight 

Per 

Cent. 

1  toO.5 

7.25 

21.6 

24.4 

61.3 

0.5  and  fin«^r.  ,  . 

Q2  7.'> 

80.0 

Total 

...;       100.00 

24.2 

78.4 

Therefore  in  all  probability  the  ore  can  be  leached  successfully  if 
not  crushed  finer  than  will  pass  a  0.75-in.  screen,  which  will  avoid  much 
of  the  fine  material  and  slime. 

The  ore  in  Test  3,  on  the  other  hand,  nearly  all  passed  a  4-mesh 
screen.  The  fine  material  produced  in  crushing  to  this  size  very  seriously 
interfered  with  the  percolation  of  the  lixiviants,  and  washing  the  ore; 
consequently  it  caused  loss  of  time  and  gave  low  extractions. 

Had  the  entire  quantity  of  ore  treated  been  thoroughly  mixed  and 
crushed  to  a  uniform  size,  the  results  would  have  been  better  than  the 
average  of  the  results  obtained  by  treating  each  lot  separately,  so  the 
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average  results  given  below  are  probably  not  the  best  obtainable  and 
are  certainly  on  the  safe  side. 

Screen  Analysis 

Mesh  Per  Cent. 

+4 19 

+8 25 

+16 18 

-16 38 


100 

Total  ore  treated,  pounds 384,784 

Copper  in  ore,  per  cent 1 .43 

Total  oopper  in  ore,  pounds 5,526 

Available  oopper  in  ore  (soluble  in  H2SO4  and  lixiviant),  pounds 5,097 

Time  of  leaddng,  hours 80 

Time  of  washing,  hours 10 

Copper  in  tailing,  per  cent 0.32 

Total  copper  in  tailing,  pounds 1,228 

Soluble  copper  in  tailing,  per  cent 0.21 

Total  soluble  oopper  in  tailing,  pounds 799 

Copper  in  tailing  insoluble  in  HsSOi,  pounds *  429 

Total  copper  extracted  from  ore,  pounds 4,298 

Total  copper  extracted  from  ore,  per  cent 77.8 

Copper  accoimted  for  in  solution  including  that  from  oversize  in  Test  1,  4,269 

pounds 

Copper  accounted  for  in  solution  including  that  from  oversize  in  Test  1, 

per  cent 97 

Total  copper  extracted  from  ore  based  on  weight  of  tailing  at  97  per  cent. 

of  ore,  poimds 4,336 

Total  copper  extracted  from  ore  based  on  above  weight  of  tailing,  per  cent.  78 . 5 

Soluble  or  available  copper  extracted  from  the  ore,  per  cent 84.3 

Soluble  or  available  copper  extracted  from  the  ore  based  on  above  weight 

of  tailing,  per  cent 84.7 

Copper  extracted  per  ton  of  ore,  pounds 22.34 

Copper  extracted  per  ton  of  ore  based  on  above  weight  of  tailing,  pounds  22 .  50 

Average  strength  of  acid  used,  per  cent 8.9 

Acid  used  (100  per  cent.  HxSOi)  per  pound  of  copper  dissolved,  based  on 

the  dififerenoe  in  free  acid  in  the  lixiviants  going  on  and  going  ofif  each 

charge,  as  found  by  analyses,  pounds 3.6 

Acid  used  (100  per  cent.  HsSOi)  per  ton  of  ore  on  above  basis,  poimds.  80 
Acid  used  (100  per  cent.  HtS04)  per  poimd  of  copper  dissolved,  based 

on  the  total  combined  acid  foimd  by  analyses  in  all  the  solutions  sent 

to  precipitating  tanks,  wash  waters,  and  lixiviants  returned  to  storage, 

pounds 3 .  15 

Acid  used  (100  per  cent.  HsSOi)  per  ton  of  ore  on  above  basis,  pounds.  67 

lixiviants  used  per  ton  of  ore,  gallons 128 

Wash  water  used  per  ton  of  ore,  gallons 268 

Solution  required  to  cover  1  ton  of  ore  after  saturation,  equals  one 

volume,  gallons 34 

Rate  of  percolation  through  ore,  inches  per  hour 78 

Rate  of  percolation  per  square  foot  of  filter  area,  gallons  per  hour 10 
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Summary  of  Construction 

Of  the  two  methods  recommended  for  waterproofing  concrete,  viz., 
by  the  use  of  "Toxement"  and  by  the  use  of  crude  oil,  the  concrete 
mixed  with  crude  oil  appeared  to  be  less  attacked  by  the  acid  solutions 
at  the  end  of  two  months'  service  than  that  mixed  with  "Toxement,"  al- 
though the  difference  was  scarcely  noticeable. 

Both  methods  require  a  much  longer  time  for  the  concrete  to  set  than 
when  neither  is  used. 

So  far  as  could  be  observed,  the  acid-resisting  qualities  of  concrete 
and  plasjter  prepared  with  either  "Toxement"  or  oil  were  not  any  better 
than  those  of  ordinary  concrete  and  cement  plaster  made  with  siliceous 
sand  and  gravel. 

Acid-resisiing  paint  known  as  "R.  I.  W.  No.  89"  prepared  especiaUy 
for  this  work  was  of  no  value  whatever  in  protecting  the  concrete  vats 
from  the  10  per  cent,  sulphuric  solutions,  the  weaker  lixiviants  in  the 
leaching  vats,  or  the  neutralized  copper  sulphate  solutions  in  the  precipi- 
tating tanks. 

Asphalt  applied  hot  or  as  a  paint  was  likewise  useless  as  a  protective 
covering  for  the  cement  plaster  under  any  of  the  above  conditions.  One 
difficulty  in  retaining  this  on  the  walls  of  the  vats  was  the  high  temperature 
of  the  water  used  for  washing  the  ore,  which  averaged  100®  F.  or  more. 

The  use  of  such  warm  wash  water  may  be  criticised  and  would  have 
been  changed  under  ordinary  conditions,  but  there  was  a  possibility  of 
the  water  supply  coming  from  hot  springs  or  wells,  if  developed  near 
the  mine,  so  it  was  thought  best  to  put  the  asphalt  coverings  to  the 
severest  test.  Besides,  a  glance  at  the  atmospheric  temperatures  dur- 
ing the  summer  months,  as  given  in  the  beginning  of  this  article,  is 
sufficient  to  show  that  even  this  part  of  the  experimental  work  required 
some  care  in  manipulation.  Asphalt  that  would  soften  and  run  from 
joints  between  bricks  or  from  walls  under  the  heat  of  the  sun,  might  be 
brittle  enough  to  crack  at  night  and  allow  the  acid  solutions  to  get  at  the 
cement  behind  it. 

With  the  exception  of  Vat  il,  all  the  leaching  vats,  acid  and  pre- 
cipitating tanks  may  be  considered  as  operated  for  the  entire  two  months 
on  the  cement  plaster  alone,  for  at  no  time  did  the  protective  covering 
last  more  than  24  to  48  hr.  on  the  leaching  vats,  and  on  the  acid  and  pre- 
cipitating tanks  the  paint  would  come  off  in  patches  after  a  few  hours' 
or  a  few  days'  exposiu'e  to  the  solutions.  At  the  end  of  two  months 
the '^Toxement"  plaster,  ^  in.  thick,  was  disintegrated  to  the  concrete 
in  places  on  Vat  B  and  the  oil-mixed  plaster  of  the  same  thickness  was 
disintegrated  nearly  to  the  concrete  on  Vat  C.  In  the  acid  storage  tanks 
both  the  "Toxement"  and  oil-mixed  plaster  were  dissolved  in  patches 
by  the  10  per  cent,  acid  solutions  and  the  solutions  leaked  through  the 


Digitized  by 


Google 


1914  LEACHING  EXPERIMENTS  ON  THE  AJO   OBES 

8-in.  concrete  walls.  These  holes  were  patched  with  ordinary  cement 
and  sand  plaster  and  also  with  straight  cement,  both  of  which  held  the 
solutions  successfully  for  several  weeks. 

One  of  the  storage  tanks  was  replastered  with  cement  and  sand  and 
thoroughly  coated  with  paraffine,  which  was  forced  into  the  plaster 
with  a  hot  iron.  When  filled  with  dilute  acid  lixiviant^  the  paraffine 
came  off  immediately  and  was  of  no  value  whatever  as  a  protective 
covering. 

A  plaster,  recommended  by  the  Standard  Oil  Co.,  was  also  tried  on 
the  acid  storage  tanks.  It  was  composed,  by  weight,  of  10  per  cent, 
litharge,  20  per  cent,  short  fiber  asbestos,  and  70  per  cent.  sand.  These 
were  mixed  into  a  mortar  with  40^  silicate  of  soda  and  applied  in  the  usual 
manner. 

This  plaster  immediately  disintegrated  on  filling  the  tank  with  wa- 
ter. The  tank  was  then  replastered  with  the  same  materials  and  filled 
with  dilute  acid.  So  long  as  the  plaster  remained  covered  with  acid,  it 
was  satisfactory  protection,  but  on  exposure  to  air  it  began  to  dis- 
integrate. 

Some  of  the  leaching  vats  were  plastered  with  ordinary  cement  and 
sand  mortar  and  painted  with  several  coats  of  crude  petroleum.  Each 
application  of  oil  was  allowed  to  soak  into  the  cement  and  become  per- 
fectly dry  before  another  coat  was  applied.  This  was  done  at  the  close 
of  my  experiments  and  I  had  no  opportunity  to  test  its  merits. 

The  brick  lining  in  Vat  A  proved  to  be  very  satisfactory.  With 
the  exception  of  where  the  asphalt  was  melted  from  the  joints  by  the 
hot  wash  water,  no  deterioration  could  be  noticed.  This  was  due  to 
the  irregular  size  and  shape  of  the  common  brick  used  for  the  lining 
and  could  be  avoided  by  using  pressed  brick  of  uniform  size  which  would 
permit  of  thin  joints.  In  a  large  vat  the  brick  would  also  be  laid  flat 
instead  of  on  edge. 

The  sand  and  asphalt  bottoms  were  entirely  satisfactory  when  they 
were  pressed  solid  with  a  heavy  hot  iron  muUer  like  that  used  in  street 
paving.  If  this  was  not  done,  they  were  porous  and  spongy,  and  no 
protection  against  the  solutions . 

As  now  developed  by  the  limited  operation  of  the  experimental 
plant,  ordinary  or  oil-mixed  concrete  will  be  entirely  satisfactory  for 
leaching  vats,  wash-water  and  neutralized  copper  sulphate  solution 
tanks.  These  can  be  made  tight  and  acid  resisting  by  lining  with 
pressed  brick  of  uniform  size,  laid  in  asphalt  and  backed  with  hot  as- 
phalt poured  between  the  brick  and  concrete.  Vitrified  brick  would 
be  less  porous  and  preferable  if  they  can  be  obtained  straight  and  uni- 
form in  size.  The  vats  should  be  plastered  inside  with  cement  and  sand 
mortar  before  putting  in  the  brick  lining. 

The  cement  we  used  in  construction  came  from  the  r^ular  run  of 
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the  mill  at  El  Paso  and  contained  more  or  less  free  lime.  It  is  my 
belief  that  with  cement  and  other  materials  containing  no  free  lime,  a 
concrete  vat  can  be  built  and  lined  with  brick^  laid  with  thin  joints 
of  cement  and  sand  mof tar,  that  will  be  entirely  satisfactory  for  acid 
leaching.  After  the  brick  soak  full  of  mineral  salts,  there  is  very  little 
if  any  transfusion  of  the  corrosive  solutions  to  the  concrete  back  of  the 
lining  and  they  form  a  protective  coating  for  both  ore  and  solutions. 

Oil-mixed  cement  plaster  will  last  two  or  three  months  without 
patching  or  renewal.  A  brick  lining  laid  in  oil-mixed  cement  mortar 
would  probably  last  longer  than  plaster,  but  the  asphalt  and  brick  lining 
is  recommended  if  it  can  be  held  in  place. 

The  cracks  that  form  after  construction  are  the  most  serious,  if 
not  a  fatal  defect  in  concrete  for  leaching  vats.  These  are  often  so 
small  that  they  are  scarcely  noticeable  and  yet  are  sufficient  to  start 
a  leak  that  is  almost  impossible  to  stop,  even  with  asphalt  itself. 

The  shape  of  the  vats  is  immaterial,  although  for  economy  of  con- 
struction and  operation  a  rectangular  concrete  vat  is  preferable.  The 
tailings  can  then  be  removed  from  the  top,  and  the  bottom  of  the  vat 
made  solid  with  no  openings. 

The  bottoms  of  the  vats  should  be  paved  with  sand  and  asphalt, 
thoroughly  pressed  down  with  hot  iron  mullers  or  otherwise  to  make  a 
compact  covering.  On  top  of  this  should  be  a  brick  paving  laid  in 
asphalt. 

The  storage  or  acid  mixing  tanks  for  the  5  to  10  per  cent,  acid  solutions 
should  be  made  of  steel  or  wood  and  lined  with  lead. 

The  hard-lead  centrifugal  pumps  used  for  circulating  the  solutions 
showed  no  wear  except  the  steel  shafts.  It  was  difficult  to  keep  pack- 
ing tight  enough  around  the  shafts  to  prevent  the  leakage  of  solutions, 
and  at  the  same  time  not  crack  the  lead  casing  or  stuffing  gland.  The 
shafts  on  all  the  pumps  were  worn  out  in  two  months  and  were  replaced 
with  bronze.  The  wear  on  the  bronze  shafts  is  undetermined,  The  re- 
pairs on  the  pumps  will  not  be  a  serious  matter  since  new  casings,  runners 
and  shafts  are  easily  made. 

Low-pressure  air-lift  pumps  offer  more  advantages,  on  account  of  free- 
dom from  moving  parts  in  the  corrosive  solutions,  and  are  recommended. 

The  pure-rubber  acid-proof  hose  used  for  the  transfer  of  solutions 
showed  no  deterioration  at  the  end  of  two  months.  While  the  initial 
cost  is  high,  it  is  the  only  hose  that  will  resist  the  corrosive  solutions 
and  it  is  indispensable  for  handling  solutions  from  the  pumps  on  top  of  the 
vats. 

Lead-lined  iron  pipe  is  recommended  for  the  rigid  pipe  connections 
and  wooden,  lead-lined  or  concrete  launders  provide  the  simplest  means 
for  the  transfer  of  solutions  from  one  leaching  vat  to  another. 

The  tailings  will  have  to  be  removed  from  the  vats  by  machinery.     No 
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portion  of  them  will  run  out  by  gravity  unless  they  contain  a  high  per- 
centage of  water. 

Since  the  tailings  will  be  discharged  containing  small  percentages  of 
free  acid  and  copper  sulphate,  the  kind  of  metal  used  for  discs,  plows  or 
buckets  in  the  excavating  machinery  was  given  consideration,  although 
it  is  improbable  that  the  quantity  of  acid  or  copper  sulphate  in  the 
tailings  will  be  sufficient  to  prohibit  the  use  of  cast  iron,  steel,  or  perhaps 
a  high-silicon  iron  which  has  high  acid-resisting  properties. 

Krupp  bronze  and  ''Monel"  metal  were  both  submitted  to  the  follow- 
ing tests.  Pieces  of  each  metal  were  allowed  to  stand  in  acid  solutions  and 
in  acidified  copper  sulphate  solutions  of  varying  strengths — the  bronze 
for  two  and  one-half  and  the  Monel  metal  for  three  months. 

The  bronze  precipitated  the  copper  completely  from  all  but  the  two 
strongest  solutions.  The  Monel  metal  precipitated  no  copper,  but  passed 
into  solution  to  a  greater  extent  than  the  bronze.  The  results  were  as 
follows: 

With  Sulphuric  Add 

Strength  of  Acid  Per  Cent.  Lobs  in  Weight 

Per  Cent.  HsSO^  Bronze              Monel  Metal 

0.12  3.22                      3.89 

0.25        '  3.26                       5.92 

0.50  3.77                       8.86 

0.75  3.64                      7.62 

1.00  3.64                      7.55 

1.50  4.55                     10.07 

With  Acidified  Copper  Sulphate  Solution 

^SSon""^  Per  Cent.  Loss  in  Weight 

-,     r^     .  '/-.  Bronze  Monel  Metal 

Per  Cent.  Cu 

0.05  1.22  14.50 

0.10  1.22  7.20 

0.20  0.76  4.73 

0.30  0.82  5.08 

0.40  0.10  2.17 

0.50  0.22  7.87 

The  Monel  metal  was  also  allowed  to  stand  about  six  weeks  in  the 
following  solutions: 

Loss  in  Weight, 
Per  Cent. 

10  per  cent,  sulphuric  acid 2.81 

10  per  cent,  sulphuric  acid  and  10  per  cent,  copper  sulphate 

(2.5  per  cent.  Cu) 4.88 

10  per  cent,  copper  sulphate  (2.5  per  cent.  Cu) 1.99 

A  high-silicon  iron,  under  the  trade  name  of  "  Duriron, "  was  tested 
in  a  similar  manner  by  these  solutions.    So  far  as  could  be  observed  at 
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the  end  of  a  few  weeks  this  metal  was  not  corroded  in  the  least  but  the 
exprimental  work  was  closed  before  this  test  was  finished.  The  acid- 
resisting  quality  of  this  alloy  is  well  known  but  it  has  the  disadvantage  of 
being  very  hard  and  brittle. 

Pbecipitation  op  the  Copper  from  Solution 

I  have  purposely  divided  my  subject  into  two  parts  because  there 
have  been  almost  as  many  methods  proposed  for  precipitation  of  the  cop- 
per from  solution  as  there  have  for  leaching  it  from  the  ore,  and  to-day 
there  is  probably  more  uncertainty  and  more  diiBference  of  opinion  con- 
cerning the  methods  of  precipitation  than  there  is  concerning  the  methods 
of  leaching.  Of  all  the  methods  proposed  there  is  just  one  that  has  been 
demonstrated  a  commercial  success,  and  that  is  precipitation  on  metallic 
iron.  ' 

Lime  or  limestone  was  used  in  some  of  the  earlier  methods  of  hydro- 
metallurgy,  but  this  gave  a  precipitate  that  was  little  better  than  the  ore 
itself. 

Sulphurous  acid  came  into  prominence  a  few  years  ago,  but  it  involved 
difficulties  of  manipulation  that  have  not  been  overcome,  even  in  small- 
scale  operations.  Hydrogen  sulphide,  produced  from  iron  matte,  has 
been  tried  but  has  not  been  developed  on  a  large  scale  and  is  likely  to  prove 
a  troublesome  reagent  under  such  conditions. 

Electrolytic  precipitation  is  always  attractive  and  has  probably  re- 
ceived more  attention  and  intelligent  experimentation  from  skilled 
metallurgists  than  any  other  method  While  some  small  plants  use  this 
method  from  time  to  time,  it  cannot,  as  yet,  be  called  a  commercial  success. 

When  working  on  a  metallurgical  problem,  where  the  margin  is 
narrow,  one  must  always  consider  the  materials  at  hand  as  the  cheapest 
obtainable  and  most  likely  to  permit  profitable  operations. 

As  possible  precipitants  for  the  copper,  I  considered  the  following  in 
the  order  named:  Natural  sulphides  of  iron,  artificial  sulphide  of  iron, 
sponge  iron,  pig  iron,  and  electric  current. 

Natural  Sulphides  of  Iron 

If  acid  leaching  is  used  for  the  oxidized  ore  some  other  process  will 
have  to  be  used  for  the  sulphide  ore.  It  is  probable  that  this  would  be 
some  form  of  mechanical  concentration. 

Tests  had  already  been  made  by  the  ordinary  methods  of  wet  concen- 
tration at  the  University  of  Arizona  before  my  arrival.  These,  by  very 
careful  manipulation,  gave  a  recovery  of  68  per  cent,  of  the  copper,  77  per 
cent,  of  the  gold  and  63  per  cent,  of  the  silver,  but  the  concentrates 
carried  only  10.2  per  cent,  copper  from  an  ore  that  assayed  2.3  per  cent, 
copper,  0.02  oz.  gold  and  0.22  oz.  silver  per  ton. 
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By  a  combination  of  flotation  and  concentration  I  was  able  to  raise 
the  recovery  to  over  76  per  cent,  and  the  grade  of  the  concentrates  to 
nearly  14  per  cent,  copper,  although  the  flotation  concentrates  themselves 
assayed  nearly  24  per  cent,  copper.  As  is  often  the  case  when  chalcopy- 
rite  has  its  source  in  igneous  rocks,  it  is  intimately  associated  with 
magnetite.  Even  fine  crushing  to  40  mesh  failed  to  separate  the  magne- 
tite from  the  chalcopyrite  in  this  ore  and  this  destroyed  the  properties  of 
the  latter  for  flotation  methods  to  a  great  extent,  as  well  as  lowered  the 
grade  of  concentrates.  However,  by  treating  these  concentrates  on  a 
magnetic  separator  I  was  able  to  raise  the  grade  to  18.5  per  cent,  copper. 
The  magnetite  itself  carried  no  value. 

This,  then,  was  the  product,  and  probably  the  best  that  can  be  obtained 
from  the  sulphide  ores  by  the  usual  methods  of  treatment.  It  must  be 
shipped  to  the  company's  smeltery  at  Douglas  for  trea^tment,  or  it  must 
be  smelted  into  matte  and  blister  copper  on  the  ground.  If  shipped  to 
the  smeltery,  it  would  certainly  be  advisable  to  raise  its  grade  if  possible 
either  with  or  without  removing  the  magnetite. 

It  is  generally  conceded  among  geologists  that  secondary  chalcocite 
if  formed  by  the  action  of  copper  sulphate  solutions  on  pyrite.  Barring 
the  recognized  but  unknown  intermediate  reactions,  the  final  result  is 
supposed  to  be  represented  by  this  reaction: 

5FeS2  +  14CuS04  +  I2H2O  =  TCujS  +  5FeS04  +  I2H2SO4 

While  later  investigators  have  found  this  reaction  "incompatible 
with  the  actual  volume  relations  observable,"  there  seems  to  be  no 
doubt  about  ferrous  sulphate  and  sulphuric  acid  being  formed  when  the 
chalcocite  is  deposited,  and,  if  the  above  reaction  is  true,  nearly  all  of  the 
acid  originally  combined  with  the  copper  is  regenerated. 

The  reaction  with  chalcopyrite  might  be  very  simple,  producing  cupric 
instead  of  cuprous  sulphide,  thus: 

CuFeSa  +  CUSO4  =  2CuS  +  FeSOi 

I  had  therefore  a  recognized  precipitant  for  copper  in  the  concentrates 
from  the  sulphide  ores.  Its  efficiency  as  a  precipitant  was  important 
but  not  essential,  since  any  precipitation  of  the  copper  from  solution 
and  consequent  enrichment  of  the  concentrates  would  be  a  distinct  gain. 
The  only  factor  to  make  it  a  commercial  success  was  the  speed  of  the 
reaction  and  in  this  it  failed.  However,  having  secured  sufficiently 
speedy  reactions  from  other  natural  sulphides  of  iron  on  previous 
occasions,  I  am  not  prepared  to  say  the  last  word  has  been  spoken  in  this 
case. 

Artificial  Sulphides  of  Iron 

Two  sources  of  this  precipitant  would  be  available.    First,  the  matte 
produced  by  smelting  the  concentrates  at  the  mine,  and  second,  the  matte 
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i  could  be  produced  by  smelting  the  low-grade  pyrite  at  Bisbee.  If 
ble  sulphides  precipitate  cupric  sulphide  from  copper  solutions  and 
iral  sulphides  of  iron  precipitate  cuprous  sulphide,  it  is  reasonable 
<pect  the  artificial  sulphide  of  iron  to  do  the  same. 
Earlier  experiments  had  shown  me  that  iron  sulphide  precipitates 
Jlic  copper  and  not  sulphide  of  copper  from  solution.  This  investi- 
n  was  carried  further  and  I  found  the  reaction  to  be,  not  a  simple 
position  of  the  metals,  but  the  following: 

4FeS  +  CUSO4  =  Cu  +  FeS04  +  FesS* 

found  also  that  the  precipitation  of  copper  stops  at  this  point, 
igh  free  sulphuric  acid  will  readily  decompose  the  FeS^  with  the 
tion  of  hydrogen  sulphide.  Therefore  less  than  25  per  cent,  of  the 
1  pure  iron  sulphide  is  available  for  the  precipitation  of  copper  and 
the  resulting  product  cannot  carry  more  than  17.7  per  cent,  copper. 

Increase  in  the  copper  contents  of  a  matte  decreases  its  precipitating 
power  so  much  that  a  matte  containing  over  30  per  cent,  copper  precipi- 
tates practically  no  copper  from  solution.  Nevertheless  the  iron  from 
the  matte  passes  into  solution  to  an  appreciable  extent.  The  only  ex- 
planation I  can  offer  for  this  phenomenon  is  a  reduction  of  the  cupric 
sulphate  to  cuprous  sulphate  and  an  oxidation  of  the  cuprous  sulphide 
of  the  matte  to  cupric  sulphide,  according  to  the  following  reaction,  but 
I  am  not  prepared  to  say  that  this  is  correct. 

FeSCujS  +  2CuS04  =  CU2SO4  +  FeS04  +  2CuS 

I  could  produce  no  condition  that  would  make  a  copper  matte  precipitate 
copper  from  solution  within  a  reasonable  length  of  time. 

This  method  of  precipitation  was  pronounced  a  failure.  For  further 
details  see  my  original  paper  on  this  subject.^ 

Sponge  Iron 

This  was  first  used  as  a  precipitant  for  copper  in  England  in  1837^ 
although  Gossage,  in  1859,  was  the  first  to  use  it  in  connection  with  the 
wet  extraction  of  copper  from  ores.  It  was  made  by  heating  a  mixture  of 
finely  crushed  iron  ore  and  coal  in  a  reverberating  furnace,  with  a  reducing 
flame. 

Since  then  a  great  deal  of  sponge  iron  has  been  produced  by  iron 
manufacturers  and  a  number  of  furnaces  have  been  invented  for  its  pro- 
duction, all  of  which  are  described  in  books  on  the  metallurgy  of  iron 
and  steel.  It  is  now  produced  commercially  at  Hoganas,  Sweden,  by 
heating  a  mixture  of  fine  magnetic  iron  concentrates  and  coal  in  pots  or 
retorts  by  means  of  producer  gas. 


*  Engineering  and  Mining  Journal,  vol.  xcvii,  No.  15,  pp.  745  to  748  (April  11,  1914). 
11  . 
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According  to  Sir  I.  Lowthian  Bell,'  oxide  of  iron  is  easily  reduced  by 
solid  carbon,  but  carbon  monoxide  gas  is  greatly  preferred  as  a  reducing 
agent. 

The  reduction  of  FesOs  begins  at  420""  F. 

The  reduction  of  FeO  begins  at  1,300''  F.  and  is  complete  at  1,475**  F. 

Sponge  iron  readily  combines  with  oxygen  when  exposed  to  the  air 
at  a  red  heat.  It  is  also  capable,  at  certain  temperatures,  of  splitting  up 
the  carbon  dioxide  formed  by  its  own  reduction. 

The  necessary  reaction  for  the  reduction  of  iron  oxide  by  carbon 
monoxide  seems  to  be 

FeaOa  +  9C0  =  2Fe  +  3CO2  +  6C0 

or,  that  there  is  as  much  oxygen  in  the  CO  escaping  as  in  the  COj  formed. 
This  reaction  is  not  so  simple  as  it  appears,  however,  for  carbon  monoxide 
gas  is  split  into  carbon  dioxide  and  carbon  in  the  presence  of  iron  oxide 
or  metallic  iron,  thus: 

2C0  =  CO2  +  C 

Hydrogen  greatly  assists  in  the  reduction  of  iron  oxide. 

Dr.  Frankfurter  of  the  University  of  Minnesota  found  that  finely 
pulverized  iron  ore  begins  to  reduce  at  about  300**  F.  in  an  atmosphere  of 
hydrocarbon  gas  and  is  completely  reduced  below  1,000**  F. 

S.  H.  Stupakoff,  in  a  paper  read  before  the  Engineering  Society  of 
Western  Pennsylvania,  states  that  carbon  monoxide  b^ns  to  reduce  pre- 
cipitated iron  oxide  at  285**  F.,  roasted  carbonate  at  390**  F.,  and  is  active 
on  all  ores  at  750**  F.    It  is  most  active  at  1,000**  F. 

Solid  carbon  begins  to  reduce  iron  oxide  at  800**  F. 

The  reverse  action,  of  COj  being  reduced  to  CO  by  metallic  iron,  begins 
at  800**  to  1,100**  F.,  depending  upon  mass  action,  and  is  most  active  at 
1,475**  F. 

A  mbcture  of  3CO2  and  2C0  is  oxidizing  at  1,000**  F.  and  a  mixture 
of  ICO2  and  2C0  is  oxidizing  anywhere  above  1,500°  F. 

My  plan  for  the  production  of  this  precipitant  was  to  manufacture 
sulphuric  acid  at  the  leaching  plant,  from  the  low-grade  Bisbee  pyrite 
and  then  reduce  the  iron  oxide  in  the  calcines  to  sponge  iron  for  precipitat- 
ing the  copper.  The  Bisbee  pyrite  contains  about  38  per  cent,  iron  and 
1.5  to  2  per  cent,  copper.    The  copper  would  pay  for  the  mining. 

The  freight  rate  on  this  material  from  Bisbee  to  Ajo  would  be  very 
low  and  divided  equally  between  the  acid  and  precipitating  departments. 
The  acid  plant  would  be  constructed  so  as  to  have  the  same  life  as  the 
oxidized  ore  in  the  mine.  In  this  way  the  cost  of  acid  made  at  the  leaching 
plant  should  compare  favorably  with  that  made  at  the  smelting  plant  at 

*  Principles  of  the  Manufacture  of  Iron  and  Steel, 
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Douglas,  when  the  cost  aad  maintenance  of  acid  trains  and  storage 
equipment  are  considered  in  conjunction  with  the  high  freight  rates  on 
this  commodity. 

The  calcines  from  this  pjrrite  would  be  in  ideal  condition  for  the  pro- 
duction of  sponge  iron.  They  would  contain  a  finely  divided,  porous, 
artificial  oxide  of  iron  which  could  easily  be  reduced  at  low  temperatures. 
The  product  obtained  from  the  reduction  of  these  calcines  would  contain 
60  to  65  per  cent,  metallic  iron  in  a  finely  divided,  porous  condition  that 
would  present  the  greatest  possible  surface  for  the  rapid  precipitation 
of  copper  and  the  copper  contained  in  the  original  pyrite  would  all  be 
recovered. 

Laboratory  experiments  were  made  by  mixing  iron  ore  with  30  to  35  per 
cent,  coal,  both  crushed  to  16  mesh,  and  heating  in  a  closed  clay  crucible 
in  an  assay  muffle  for  1  hr.  at  a  temperature  of  1,600**  to  1,800°  F.  From 
75  to  77  per  cent,  of  the  iron  in  the  ore  was  reduced  to  metallic  iron. 

These  experiments  were  repeated  by  mixing  calcines  with  25  to  30  per 
cent,  coal  and  heating  in  the  same  manner;  98  per  cent,  of  the  available 
iron  was  metallized. 

Calcines  were  then  placed  in  an  iron  tube  and  heated  to  a  low  red 
heat  in  an  atmosphere  of  hydrocarbon  gas  for  1  hr.  Over  90  per  cent,  of 
the  available  iron  was  metallized. 

This  experiment  was  repeated  and  the  tube  was  heated  to  incipient 
redness  for  90  min. ;  93  per  cent,  of  the  available  iron  was  metallized.  The 
gas  used  for  heating  the  tube  in  this  experiment  was  the  impoverished 
gas  coming  from  the  reduction  of  the  calcines. 

The  available  iron  in  these  experiments  was  the  iron  existing  as  oxide 
and  not  that  existing  as  sulphide. 

These  experiments  were  again  repeated  on  calcines  from  Bisbee  pyrite 
crushed  to  §-in.  mesh  instead  of  16  mesh.  At  the  end  of  1  hr.  76.6 
per  cent,  of  the  available  iron  was  metallized  and  at  the  end  of  2  hr.  88.3 
per  cent,  was  metallized. 

Sponge  iron  has  been  produced  in  quantity  by  iron  manufacturers  in 
small  reverberatory  furnaces  and,  as  I  have  stated,  is  now  produced 
commercially  in  Sweden  from  magnetite  concentrates  in  intermittent 
furnaces  of  the  brick  or  pottery  kiln  type,  so  there  is  no  doubt  about 
the  metallurgical  conditions  necessary  for  its  production,  nor  the  feasi- 
bility of  its  production  for  the  precipitation  of  copper. 

The  idea  of  using  calcines  as  a  source  of  iron  is  new,  so  far  as  I  know, 
and  was  first  proposed  by  me  during  the  course  of  these  experimente  in 
the  siunmer  of  1912.  The  advantages  of  using  this  material  are  at  once 
apparent  from  every  view  point. 

My  eflForts,  therefore,  were  not  to  determine  if  sponge  iron  can  be 
produced  commerically,  but  to  devise  a  furnace  that  will  receive  the 
calcines  hot  from  the  roasting  furnaces,  reduce  them  continuously  and 
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deliver  the  metallized  product  or  sponge  iron  to  the  precipitating  de- 
partment of  the  leaching  plant.  The  problem  is  simply  one  of  mechanical 
construction  with  no  impossible  or  prohibitive  features.  The  produc- 
tion of  sponge  iron  is  surprisingly  easy,  when  the  conditions  are  right. 

After  trying  several  small  furnaces  of  diflFerent  designs,  I  erected  a 
Wedge  double-function  roasting  furnace  of  special  design  to  meet  my 
conditions.    This  furnace  was  9  ft.  9  in.  in  diameter,  had  six  roasting 


Fig.  4. — Wedge  Double-Function  Roasting  Furnace. 


hearths,  one  drying  hearth  and  one  cooling  hearth.  The  three  upper 
hearths  were  of  the  ordinary  tjrpe  for  roasting  sulphide  ore.  The  three 
lower  were  muffle  hearths  heated  with  oil  from  outside  fire  boxes.  The 
two  sets  of  hearths  were  sealed  from  each  other  by  automatic  cast-iron 
valves.  The  entire  furnace  was  sheathed  with  sheet  iron  except  the  top 
and  bottom.  Luting  rings  were  placed  around  the  center  shaft,  and  every 
effort  was  made  to  make  the  furnace  as  air  tight  as  possible.  Each  hearth 
was  connected  with  the  flue  so  the  gases  could  be  controlled  as  deared. 
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A  screw  feeder  was  attached  to  the  side  of  the  furnace  to  deliver  pulver- 
ized coal  on  the  upper  muffle  hearth. 

A  general  but  incomplete  idea  of  the  furnace  may  be  obtained  from 
Fig.  4. 

I  expected  to  be  able  to  roast  Bisbee  pyrite  on  the  three  upper  hearths 
and  deliver  the  red-hot  calcines  on  the  top  muffle  through  the  automatic 
valves,  where  they  would  be  mixed  with  powdered  coal  from  the  feeder. 
In  this  way  no  heat  would  be  lost  and  reduction  would  begin  at  once. 

I  soon  found  that  I  had  made  a  serious  mistake  in  trying  to  put 
two  furnaces  into  one,  for  I  had  neither  a  roasting  nor  a  metallizing  furnace. 
With  all  six  hearths  for  either  purpose,  I  would  have  obtained  better 
results. 

The  spaces  for  the  passage  of  hot  gases  under  the  muffles  were  too  small. 
In  order  to  maintain  the  temperature  that  wais  desired  on  top  of  the 
muffle, the  heat  directly  opposite  the  fire  boxes  was  high  enough  to  soften 
the  clay  tiles  and  cause  them  to  warp.  This  allowed  the  calcines,  already 
reduced  to  ferrous  oxide,  to  drop  into  the  joints  and  form  a  fusible  slag 
which  soon  made  a  hole  through  the  muffle  and  admitted  air  and  products 
of  combustion  just  where  I  wanted  a  reducing  atmosphere. 

My  greatest  trouble  probably  came  from  air  leakage  through  the  bottom 
or  cooling  hearth  and  around  the  central  shaft.  The  bottom  hearth  was 
made  of  brick  arched  in  the  usual  manner.  It  was  plastered  on  the  under 
side  with  cement,  but  with  the  constant  contraction  and  expansion  of  the 
furnace  it  was  impossible  to  make  it  air  tight.  I  would  frequently  get 
metallization  well  started  on  the  middle  muffle  hearth  and  the  iron  would 
oxidize  again  before  discharging. 

The  luting  rings  around  the  central  shaft,  which  lyere  supposed  to  seal 
by  dipping  into  the  ore  on  the  hearth,  were  not  satisfactory  for  this 
purpose. 

I  endeavored  to  overcome  these  difficulties  by  producing  a  gas 
pressure  inside  the  furnace  from  the  combustion  of  the  coal.  In  this  I 
was  partly  successful,  and  for  short  periods  of  time,  until  something 
broke  or  temperatures  fell,  I  got  encouraging  results. 

The  highest  temperatures  I  was  able  to  obtain  on  the  muffles  were  as 
follows: 

Degrees 
Fahrenheit 

Top  muffle 1,000 

Second  muffle 1,320 

Third  muffle 1,460 

Cooling  hearth 1,040 

but  these  were  maintained  only  a  short  time  bef  o're  a  muffle  gave  way. 

When  reducing  with  coal,  I  should  have  had  higher  temperatures 
or  at  least  1,400**  on  all  the  muffles.    The  soft  coal  used  I  thought 
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had  a  tendency  to  deposit  soot  on  the  calcines  at  low  temperatures, 
which  retarded  the  reducing  action.  I  tried  lignite  coal^  but  with  so 
many  other  adverse  conditions  to  contend  with,  I  could  not  notice  any 
difference.  I  also  tried  powdered  coke,  but  at  that  time  other  conditions 
were  unfavorable  and  the  test  was  not  completed. 

I  was  anxious  to  use  producer  gas,  but  had  no  opportunity  to  do  so. 
My  own  laboratory  experiments  and  those  of  all  other  investigators  have 
proved  that  iron  oxide  can  be  reduced  much  more  easily  with  gas  than 
with  solid  carbon,  and  producer  gas  made  from  lignite  or  oil  (which 
would  be  the  cheapest  fuels  obtainable  at  A  jo)  would  contain  the  mast 
active  reducing  agents  known  for  this  purpose. 

I  r^ret  that  my  work  in  this  direction  was  stopped  before  it  was 
carried  to  a  conclusion,  but  enough  was  learned  to  satisfy  me  that 
it  will  be  entirely  feasible  to  metallize  calcines  for  copper  precipitation 
at  a  cost  of  not  over  $5  per  ton  of  metallic  iron.  Our  estimated  costs 
at  Ajo  were  not  much  more  than  this,  and  they  included  half  the  cost  of 
the  pyrite. 

I  believe  a  muffle  type  of  furnace  can  be  made  practicable  for  met- 
allizing calcines  continuously,  but  it  must  be  made  gas  tight.  The 
top  and  sides  should  be  sheathed  with  iron  and  the  calcines  fed  through 
a  double  bell  as  on  an  iron  blast  furnace  or  through  a  screw  feed  that 
would  always  be  kept  full.  The  bottom  of  the  furnace  should  be  made  of 
cast  iron  or,  preferably,  water-jacketed  segments.  The  central  shaft 
should  be  water-sealed  top  and  bottom. 

Other  material  than  the  3-in.  thick  clay  tiles  used  in  the  Wedge 
furnace  could  no  doubt  be  found  for  the  floors  of  the  muffles.  It  should 
be  of  some  basic  material.  If  producer  gas  is  used  for  reduction,  it  might 
be  possible  to  make  ihese  floors  of  cast-iron  sections,  because  the  tempera- 
ture of  reduction  is  much  lower  with  gas  than  with  solid  carbon. 

Producer  gas  should  be  used  for  reduction  and  the  impoverished  gas 
used  for  heating  the  furnace.  The  Mond  Nickel  Co.  has  been  reducing 
nickel  oxide  by  means  of  carbon  monoxide  for  years  in  a  similar  type  of 
furnace,  without  accident  or  difficulty  of  manipulation. 

Subsequent  experiments  lead  me  to  believe  that  a  shaft  furnace 
can  be  developed  that  will  also  do  the  work  with  much  less  complicated 
operation. 

In  any  case  the  metallized  product  must  be  cooled  in  air-tight  hoppers 
that  will  seal  the  furnace,  or  discharge  from  the  furnace  directly  into 
water.  The  fine  iron  oxidizes  immediately  when  exposed  to  the  air 
at  a  red  heat,  but  if  cooled  in  a  reducing  atmosphere  or  in  absence  of 
air  and  kept  dry,  it  will  remain  unaltered  for  months.  If  it  is  discharged 
from  the  furnace  into  water,  it  must  be  kept  under  water  until  used.  It 
is  difficult  to  take  it  from  the  water  and  dry  it  without  some  oxidation, 
but  it  will  not  oxidize  under  water  within  any  reasonable  time. 
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Pig  Iron 

When  iron  is  mentioned  for  copper  precipitation,  no  one  in  this 
country  seems  to  consider  anything  but  scrap  iron  as  available  for  this 
purpose.  It  takes  but  a  small  amount  of  investigation,  however,  to 
find  that  pig  iron  is  not  prohibitive  in  cost  at  almost  any  point  in  the 
United  States  not  remote  from  the  railroad.  It  is  reported  that  pig  iron 
can  be  delivered  on  the  Pacific  coast  from  China  or  India  at  a  cost  of  $10 
to  $12  per  ton. 

The  use  of  ordinary  pig  iron  requires  long  launders  and  more  or  less 
handling  of  the  iron  to  eflfect  complete  precipitation  of  the  copper.  Of 
course  the  rapidity  of  precipitation  depends  upon  the  surface  exposed,  so 
I  granulated  the  pig  iron  I  used.  This  can  be  done  best  by  shattering  a 
small  stream  of  molten  iron  with  a  jet  of  steam,  and  then  cooling  in  a 
stream  of  water.  The  product  was  very  hard  and  compact  and  most  of 
it  was  in  the  form  of  shot  or  pear-shaped  drops.  It  contained  93.5  per 
cent.  iron.    A  screen  analysis  gave  the  following  results: 

*-_,  Individual  Cumulative 

Peroentages  Peroentages 

+4 2.0  100.0 

+8 20.0  98.0 

+16 31.0  78.0 

+30 28.6  47.0 

+60 12.4  18.4 

-60 6.0  6.0 

The  relative  precipitating  values  of  the  different  sizes  of  this  product 
were  obtained  by  treating  equal  weights  of  each  size  with  equal  quantities 
of  pure  copper  sulphate  solution  and  also  with  lixivium  obtained  from 
leaching  the  oxidized  ore.  Each  test  covered  the  same  period  of  time,  at 
the  same  temperature,  and  was  made  under  the  same  conditions 

-    Copper  Sulphate  Solution  Ludvium 

^  ^  Belative  ^  ^  Relative 

Grams  Cu  Soeed  of  Grama  Cu  Soeed  of 

Ft^cipitated  -o^    •  -^  x-  Precipitated  -n^    -  -x  x- 

*^  Precipitation  ^  Precipitation 

+4 ^ 0.060  1.0  0.06  1.0 

+8 0.105  2.1  0.11  1.8 

+16 0.386  7.7 

+30 0.640  10.8  0.69  9.8 

+60 0.926  18.6  1.06  17.6 

-60 1.176  23.6  1.31  21.8 

At  the  Gumeshevesky  mine  in  Russia  12  tons  of  granulated  iron  is 
reported  to  have  the  same  precipitating  capacity  as  120  tons  of  iron 
plates. 

The  method  of  using  granulated  iron  as  a  precipitant  was  also  a 
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small  problem.  Sponge  iron  from  calcines  or  even  from  iron  ore  is  at- 
tacked inside  and  out  by  the  copper  solutions  and  each  particle,  large 
or  small,  is  soon  a  mass  of  cement  copper.  Granulated  iron  is  attacked 
only  on  the  surface  and  unless  agitated  continually  during  precipitation 
it  soon  cements  together  into  a  solid  mass  which  retards  further  action. 

To  overcome  this  difficulty,  I  made  a  tube  mill  out  of  an  iron  pipe 
10  ft/long  and  20  in.  in  diameter.  It  was  fitted  with  6-in.  openings  at 
each  end  for  the  admission  and  discharge  of  solution.  It  was  filled  to 
these  openings  with  granulated  iron  and  revolved  at  the  rate  -of  12  rev. 
per  minute. 

The  solution  going  into  this  tube  mill  was  a  neutralized  lixivium 
from  leaching  the  oxidized  ores.     It  contained 


Per  Cent. 

Cu 1.64 

Fe 0.34 

Free  acid trace 


It  was  passed  through  at  different  rates  of  speed  to  get  the  precipi- 
tating capacity  of  the  mill.  The  results  obtained  from  the  solution 
passing  out  of  the  mill  were  as  follows: 


Kate,  Grallons  per  Minute  4 

Cu,  per  cent ' none 

Fe,  per  cent 

Free  acid,  per  cent 

Iron    (100  per   cent.)   pounds   con- 
sumed per  pound  copper  precipitated     

Granulated  iron,  pounds  consumed 
per  pound  copper  precipitated 


6               7  10  12 

none  none  0.06  0.09 

1.98  1.88  1.84 

trace  trace  trace 

1.00  0.97  0.97 

1.07  1.04  1.04 


The  copper  precipitate  contained  73.6  per  cent,  copper.  In  a  previous 
experiment,  it  contained  86.8  per  cent,  copper. 

By  this  method  of  precipitation  the  iron  remained  in  the  mill,  always 
bright  and  clean,  while  the  precipitated  copper  passed  out  with  the 
neutral  solution,  from  which  it  settled  rapidly  and  could  be  removed  by 
decantation.     The  operation  is  continuous. 

As  seen  by  these  results,  the  consumption  of  iron  need  not  exceed 
1  lb.  for  each  pound  of  copper  precipitated,  provided  the  solutions  are 
neutralized  before  precipitation. 

In  a  large  plant  these  mills  should  be  made  longer  and  of  less  diameter 
than  an  ordinary  tube  mill.  The  shell  should  be  made  of  copper  and  lined 
with  silex,  to  prevent  abrasion.  The  galvanic  current  set  up  by  the 
copper  and  iron  would  hasten  the  precipitation. 
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Electrolytic  Precipitation 

As  usual,  before  starting  a  series  of  experiments,  I  compiled  all  the 
data  available  on  this  subject.  These  were  obtained  not  only  from 
published  works,  but  from  private  notes  and  correspondence. 

The  vital  factors  governing  this  method  of  precipitation  are  cost  of 
power,  material  for  anodes,  and  interference  of  other  metals. 

The  power  required  for  deposition  from  clean  copper  sulphate  solu- 
tions is  about  eight  or  ten  times  that  required  for  refining  purposes,  or 
about  1  kw.  per  pound  of  copper  deposited.  The  most  economical 
current  density  is  between  10  and  11  amperes  per  square  foot  and  the 
voltage  required  is  about  2  volts,  although  with  magnetite  anodes  it  is  said 
a  current  density  of  15  amperes  can  be  used.  With  an  average  cost  of 
electric  power  of  not  more  than  Ic.  per  kw.  the  power  costs  for  this  method 
of  precipitation  need  not  be  prohibitive. 

The  anode  material  heretofore  has  been  confined  to  lead  or  antimonial 
lead.  Fused  magnetite  is  now  being  tried  and  is  said  to  be  very  satis- 
factory, although  fragile  and  expensive!  Its  merits  are  yet  to  be  demon- 
strated on  a  large  scale.  Lead  anodes  are  gradually  consumed,  forming 
the  peroxide  of  lead,  which  can  be  collected,  reduced  and  used  over  again 
if  necessary. 

Interference  of  other  metals  has  proved  the  chief  stumbling  block 
in  most  of  the  attempts  to  use  the  electrolytic  method  for  the  recovery 
of  copper.  Arsenic  and  antimony  are  troublesome,  but  are  seldom  found 
in  appreciable  quantities  in  leachable  ores.  Iron  is  the  principal  source 
of  trouble  and  with  It  may  be  considered  manganese  if  present,  for  its  in- 
fluence is  substantially  the  same  as  iron.  Iron,  by  its  alternate  oxidation 
and  reduction,  consumes  electrical  energy  without  the  deposition  of 
copper.  It  must,  therefore,  be  rendered  innocuous  by  one  of  the  following 
methods:  Removal  by  precipitation,  the  use  of  diaphragms,  or  the  use 
of  depolarizers. 

Removal  by  precipitation  on  a  large  scale  may  be  discarded  at  once 
as  impracticable,  for  any  effort  in  this  direction  would  enable  one  to 
precipitate  the  copper  direct  by  means  of  the  same  amount  of  chemical 
reagents  and  at  about  the  same  expense. 

The  use  of  diaphragms  has  been  tried  repeatedly,  but  never  success- 
fully, on  long-continued,  large-scale  operations.  Under  the  conditions 
involved,  it  is  improbable  that  they  can  ever  be  made  to  operate  success- 
fully, for  diaphragm  material  that  does  the  work  required,  increases  the 
electrical  resistance  beyond  commercial  limits. 

The  use  of  a  depolarizer  seems  to  offer  a  way  out  of  this  difficulty. 
The  most  feasible  depolarizer  and  perhaps  the  only  one  sufficiently 
cheap  for  this  purpose  is  sulphur  dioxide.  This  has  some  advantages  and 
some  serious  disadvantages.     Theoretically,  sulphur  dioxide  used  in  this 
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manner  will  regenerate  3  lb.  of  acid  for  each  pound  of  copper  deposited. 
In  experimental  practice,  2  lb.  has  been  the  maximum  obtained,  owing  to 
difficulties  of  manipulation.  A  certain  amount  of  electromotive  force  is 
also  generated  in  the  direction  of  the  current  used,  which  reduces  power 
consumption.  These  advantages,  however,  are  more  apparent  than  real. 
If  much  iron  and  alulnina  pass  into  solution  from  the  ore,  the  actual  acid 
r^enerated  in  the  electrolytic  cells  is  relatively  too  small  to  be  of  any  im- 
portance. On  these  Ajo  ores,  granting  the  best  possible  regeneration  of 
acid  from  electrolytic  cells,  I  estimated  that  75  per  cent,  of  the  acid  used 
will  have  to  be  made  in  an  acid  plant.  In  actual  practice  it  would  no 
doubt  exceed  this  amount. 

The  mechanical  difficulties  in  making  the  copper  lixiviums  absorb 
sufficient  sulphur  dioxide  gas  to  produce  the  desired  results  have  not 
been  solved.  Introduction  of  the  gas  into  the  electrolytic  cells  at  the 
anode  secures  a  very  small  absorption  and  renders  the  electrolytic  plant 
uninhabitable  for  human  beings.  Acid  makers  of  experience  do  not  offer 
much  hope  of  success  for  absorption  of  this  gas  by  means  of  scrubbing 
towers. 

Those  who  have  tried  to  make  sulphur  dioxide  act  as  a  depolarizer  on 
a  commercial  scale  report  these  claims  a  fallacy. 

Moreover,  it  has  been  found  that  when  electrolytes  containing  sul- 
phur dioxide  are  used  the  current  density  must  be  reduced  to  the  neigh- 
borhood'of  3  amperes  per  square  foot  in  order  to  get  a  satisfactory  deposi- 
tion of  the  copper.  This  means  an  electrolytic  plant  installation  three 
times  the  size  ordinarily  required. 

It  has  been  found  impracticable  to  deposit  copper  from  electrolytes 
containing  less  than  1  per  cent,  copper.  The  average  lixivium  including 
enough  wash  water  and  acid  to  maintain  a  standard  electrolyte  will 
average  between  1.5  and  2  per  cent,  copper.  Assuming  then,  for  the 
sake  of  argument,  that  35  to  50  per  cent,  of  the  copper  can  be  deposited 
in  good  form  by  electrolysis  (35  per  cent,  is  actually  the  case  in  the  only 
plant  in  operation),  if  relatively  large  quantities  of  iron  and  alumina  pass 
into  solution  at  each  cycle  of  thelixiviant  it  will  be  necessary  to  discard  the 
entire  lixiviant  in  a  short  time  or  a  portion  of  it  at  each  cycle,  in  which 
the  copper  will  have  to  be  precipitated  by  a  chemical  reagent.  This 
discarded  lixivium  will  either  be  strongly  acid  or,  if  neutralized  by  fresh 
ore,  will  carry  its  full  quota  of  copper.  In  any  leaching  operation,  there 
will  be  also  a  gradual  accumulation  of  wash  water  or  weak  solutions,  which 
will  have  to  be  treated  with  a  chemical  precipitant. 

The  conditions  governing  the  successful  deposition  of  copper  from  solu- 
tion by  electrolysis  have  been  determined  quite  conclusively  after  long 
and  careful  experimentation  by  men  skilled  in  the  art. 

With  ores  that  will  yield  lixiviums  free  from  interfering  elements,  this 
method  will  no  doubt  prove  a  commercial  success  in  spite  of  its  expensive 
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installation,  but  with  ores  like  these  where  the  iron  passes  into  solution  as 
readily  as  the  copper,  when  the  raw  ore  is  leached  with  acid,  it  is  almost 
a  mathematical  certainty  that  electrolytic  precipitation  cannot  be  made  a 
commercial  success  and  further  experimentation  along  this  line  is  useless. 
A  much  more  feasible  method  of  overcoming  this  difficulty  with  iron 
would  be  to  keep  it  from  going  into  solution  in  the  first  place.  ^  This 
might  be  done  by  roasting  the  ore  after  crushing  to  the  size  I'equired  for 
leaching.  The  expense  would  be  small.  While  there  might  be  some 
danger  of  forming  insoluble  f errites  of  copper,  the  iron  and  alumina  would 
be  rendered  relatively  insoluble  in  acid,  the  ore  would  be  made  more 
porous  for  leaching,  there  would  be  no  argillaceous  slimes  to  absorb  valu- 
able constituents,  the  copper  sulphides  and  cuprite  would  be  rendered 
soluble  and  the  lixiviums  might  be  clean  enough  for  electrolysis. 
My  work  was  finished  before  this  was  tried. 

*  See  my  discussion,  Engineering  and  Mining  Journal,  vol.  xcvii,  No.  17,  p.  871 
(April  25,  1914). 
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[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  perw>n  at  the 
Salt  Lake  meeting,  August,  1014,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writins  masr  be  sent  to  the  Editor,  Ametioan  Institute  of  Mining  Engineers.  29  West 
39th  Straetj  New  York,  N.  V.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1,  1014.  Any  discussion 
offered  tnereafter  should  preferably  be  in  the  form  of  a  now  paper. 
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Introditction 

The  principal  object  of  this  paper  is  to  present  data  on  the  develop- 
ment of  the  revolving  convex  round  table  as  a  concentrator  for  the 
through  0.07-mm.  slimes  from  the  ores  of  the  Butte  district,  although 
some  brief  notes  on  the  earliest  recorded  use  of  this  type  of  concentrating 
table  in  the  ore-dressing  plants  of  the  Lake  Superior  region  and  of  the 
Butte  district  are  also  presented. 

The  revolving  convex  round  table  belongs  to  the  class  of  concentrating 
tables  known  as  film-sizing  tables,  these  tables  using  the  relative  trans- 
porting power  of  a  film,  or  thin  sheet  of  water,  as  it  flows  over  a  quiet 
inclined  surface,  to  separate  the  minerals  of  a  sorted  product. 
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The  grains  of  heavy  mineral  move  down  the  slope  of  the  table  deck 
slowly,  or,  in  some  cases,  not  at  all,  after  the  initial  force  of  the  feed  entry 
is  expended,  since,  being  smaller,  they  are  acted  upon  only  by  the  slowly 
moving  portion  of  the  water  which  is  in  contact  with  the  surface  of  the 
table;  on  the  other  hand  the  grains  of  light  mineral  (gangue),  being  lai^er, 
are  exposed  to  the  more  rapidly  moving  water  of  the  upper  current  and 
are  therefore  moved  much  faster  down  the  slope  of  the  table. 

The  speed  with  which  the  coarser  grains  of  gangue  material  move 
down  the  slope  of  the  table  is  also  accelerated  intermittently  by  the  action 
of  the  waves  of  pulp  flowing  down  the  table.  The  coarser  grains  of 
gangue  material  are  submerged,  partly  in  the  slow-moving  under  current 
and  partly  in  the  swifter  upper  current,  and  their  speed  of  travel  is  greater 
than  that  of  the  former  and  less  than  that  of  the  latter.  Observations 
made  on  the  action  of  the  pulp  on  the  table  have  shown  that  these  coarse 
grains  of  gangue  material  are  subject  to  distinct  blows  from  the  waves  of 
pulp  which  momentarily  increase  the  speed  of  these  grains. 

The  speed  at  which  the  under  current,  or  friction  film,  moves  is 
dependent  upon  the  character  of  the  surface  of  the  table,  a  rough  surface 
retarding  the  flow  of  this  current  while  a  smooth  surface  accelerates  the 
flow. 

The  revolving  round  table  is  a  development  of  the  stationary  Cornish 
buddle,  one  of  the  oldest  forms  of  slime  concentrators,  and  it  is  a  fact  of 
great  interest  that  a  machine  so  closely  related  to  one  of  the  oldest  forms 
of  concentrating  machines  should  be  selected  as  the  right  machine  for  an 
important  position  in  the  flow  sheet  of  our  latest  milling  practice  on  copper 
sulphide  ores  in  Montana. 

The  origin  of  the  buddle  seems  to  be  lost  in  obscurity,  and  there  is 
considerable  doubt  as  to  whether  Cornwall  or  Germany  first  introduced 
this  method  of  concentration.  Cornwall  has  laid  claims  to  having 
taught  the  art  of  tin  mining  and  metallurgy  to  the  Germans,  and  a  story 
is  related  by  one  Matthew  Paris,  a  Benedictine  monk,  by  birth  an  English- 
man, who  died  in  1259,  that  a  Cornishman  who  fled  to  Germany  on 
account  of  a  murder  which  he  had  committed,  first  discovered  tin  there 
in  1241,  and  that  in  consequence  the  price  of  tin  fell  greatly.  This  would 
seem  to  point  to  the  probability  of  the  buddle  having  originated  in 
Cornwall. 

Georgius  Agricola  in  his  De  Re  Metallica  devotes  considerable  space 
to  descriptions  of  dressing  implements  which  were  similar  to  the  early 
forms  of  the  box  buddle.  These  consisted  merely  of  a  wide  inclined 
stationary  trough,  with  twigs  or  riiSes  placed  so  as  to  catch  the  heavy 
particles,  the  principle  being  the  same  as  that  used  in  Cornwall  to-day. 
Agricola  was  bom  in  1494,  and  therefore  this  method  of  dressing  or 
concentrating  ores  evidently  dates  back  earlier  than  this  time. 

In  the  third  century  B.  C.  the  Greeks  practiced  a  system  of  milling 
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and  concentrating,  using  a  method  of  washing  the  crushed  ore  which  was 
very  similar  in  some  respects  to  the  box  huddle. 

Edward  Ardaillon  in  Les  Mines  du  Laurion  dans  VAntiquUe  gives  the 
following  details: 

''From  the  mills  it  (crushed  ore)  was  taken  to  washing  plants,  which 
consisted  essentially  of  an  inclined  area,  below  which  a  canal,  sometimes 
with  riffles,  led  through  a  series  of  basins,  ultimately  returning  the  water 
again  to  near  the  head  of  the  area.  In  washing,  a  workman  brushed  up- 
ward the  pulp  placed  on  the  inclined  upper  portion  of  the  area,  thus 
concentrating  there  a  considerable  proportion  of  the  galena;  what  escaped 
had  an  opportunity  to  settle  in  the  sequence  of  basins  somewhat  on  the 
order  of  the  buddle. " 

The  square  or  box  buddle  of  Agricola's  time  would  hold  about  600  lb. 
of  material  when  full.  Owing  to  the  necessity  of  returning  the  lower  two- 
thirds  of  the  material  deposited  to  be  re-treated  on  the  same  buddle,  also 
to  the  amount  of  labor  required  to  operate  it,  this  form  of  buddle  is  practi- 
cally obsolete  everywhere. 

The  round  buddle  works  on  the  same  principle  as  the  box  buddle, 
and  could  be  described  as  a  series  of  box  buddies  arranged  radially,  with 
their  feed  ends  in  the  center. 

To  obviate  channeling  of  the  ore,  arms  are  attached  to  the  rotating 
feed  gear,  and  on  these  arms  are  hung  strips  of  brattice  or  coarse  cloth, 
which  gently  drag  over  the  deposit,  and  thereby  keep  the  surface  even. 
This  type  of  buddle  is  in  use  both  in  the  concave  and  the  convex  forms. 
In  Cornwall  it  is  very  extensively  used  in  tin  dressing,  also  in  Derbyshire, 
Isle  of  Man,  and  Cumberland  for  concentrating  galena  ore. 

The  Cornish  buddle  or  building  table,  which  was  used  almost  exclu- 
sively as  a  concentrator  for  tin  ores  in  Cornwall  during  the  early  days 
of  tin  mining  in  that  district,  was  usually  from  18  to  20  ft.  in  diameter 
and  was  built  in  the  form  of  a  circular  tank  with  sides  18  in.  deep,  the 
bottom  sloping  gently  from  the  center  to  the  circumference.  In  the 
center  of  the  tank  or  table  was  a  mound  with  a  conical  top,  the  mound 
being  from  5  to  6  ft.  in  diameter.  Pivoted  in  the  center  of  the  mound  was 
a  vertical  shaft  which  revolved.  This  shaft  carried  a  pulp  distributor  and 
four  wooden  arms  which  extended  out  over  the  buddle,  the  arms  being 
equipped  with  brushes  made  of  cocoa  matting  frayed  at  the  ends  or  wisps 
of  brush  which  dragged  lightly  over  the  sand  as  it  accumulated  in  the 
buddle.  These  brushes  kept  the  surface  of  the  charge  trued  up  and 
hence  assisted  the  work  of  concentration  very  materially  by  preventing 
channeling. 

During  the  process  of  running  a  charge  in  a  buddle  the  water  and  slime 
were  drawn  oft  at  points  on  the  circumference  which  were  equipped  with 
sliding  doors  perforated  with  auger  holes.  As  soon  as  the  buddle  became 
filled,  the  foreman  examined  the  contents,  marking  off  with  the  point  of 
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his  shovel  four  or  five  concentric  circles  on  the  surface  of  the  charge,  their 
relative  position  depending  on  the  richness  of  the  mineral  within  each. 
The  buddle  crew  then  shoveled  the  outer  ring,  which  was  mostly  slime, 
into  a  launder  which  delivered  it  to  a  settling  pond;  the  next  ring  was 
thrown  into  a  waste  tailing  launder,  the  intermediate  rings  were  shoveled 
into  wheelbarrows  and  carried  to  other  buddies  for  re-treatment,  while  the 
inner  ring  of  all,  containing  about  25  per  cent,  black  tin,  was  sent  to  the 
calciners. 

The  total  result  of  this  first  huddling  was  that  about  one-<}uarter  of  the 
waste  was  removed  from  the  pulp  treated;  another  small  part  was  suffi- 
ciently enriched  to  be  sent  to  the  calciners,  while  probably  more  than  one- 
half  of  the  whole  had  to  be  re-treated. 

This  method  of  buddle  treatment  has  been  supplanted  in  the 
more  progressive  plants  by  the  use  of  Frue  vanners  and  revolving  round 
tables. 

American  milling  practice  has  always  been  averse  to  the  use  of  con- 
centrating machines  which  operate  intermittently,  or  machines  which 
produce  a  large  amount  of  middling  material  for  retreatment,  therefore, 
the  revolving  round  table,  which  at  once  overcame  so  many  of  the  diffi- 
culties of  the  operation  of  the  stationary  buddies,  made  rapid  headway 
in  American  mills  in  displacing  stationary  buddies,  kieves,  and  other 
intermittent  machines. 

The  Round  Table  in  Lake  Superior  Practice 

The  milling  practice  in  the  Lake  Superior  district  has  been  described 
in  papers  read  before  the  Institute  by  Charles  W.  Rolker,^  H.  S.  Munroe,* 
and  F.  G.  Coggin.'  As  nearly  as  the  writer  can  learn  the  first  revolving 
round  table  was  introduced  in  the  Lake  Superior  region  in  1873  and  by 
1883  was  in  general  use  in  the  district.  The  round  table  most  largely 
used  was  the  design  of  W.  J.  Evans,  the  distinctive  feature  of  which  was 
the  "dead-head"  at  the  center,  from  6  to  8  ft.  in  diameter,  one-half  of 
which  was  used  for  distributing  the  slime  and  the  other  half  for  distribut- 
ing clear  water. 

The  part  played  by  the  revolving  round  table  in  the  flow  sheet  of  the 
Michigan  mills  was  to  treat  the  spigot  discharges  of  the  settling  tanks 
receiving  fine  product  from  the  stamp  mills,  the  material  coming  to  the 
tanks  as  overflow  material  of  the  hydraulic  classifier. 

Before  the  advent  of  the  reciprocating  table,  the  round  tables  were 
used  to  produce  a  finished  concentrate;  two  decks  on  a  shaft  w^e  gener- 
ally used,  the  middling  from  the  upper  deck  being  re -treated  on  the  lower 
deck  or  on  a  separate  system  of  tables. 


>  Tram.,  v,  584  to  606  (1876-77). 
« Trans.,  viii,  409  to  451  (1879-80). 
» Traru.,  xii,  64  to  68  (1883-84). 
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The  writer  is  informed  by  G.  H.  Benedict  of  the  Calumet  &  Hecla 
company  that  the  present  practice  at  its  mills  is  in  no  case  to  make  a 
finished  concentrate  on  the  round  tables,  these  tables  being  always 
followed  byWilfley  tables,  either  two,  three,  or  even  six  decks  of  the 
round  tables  being  dressed  up  on  one  Wilfley  table. 

Round  tables  are  in  use  at  the  C.  &  H.,  Tamarack,  Ahmeek,  Osceola, 
Isle  Royal,  and  Mass  mills.  Ordinarily  there  are  three  decks  on  one 
shaft  except  at  the  C.  &  H.  mills  where  there  are  four  decks  on  a  shaft. 
The  tables  make  1  rev.  per  minute,  and  in  new  installations  cement 
deck  surfaces  are  used  to  replace  the  wood  deck  surfaces  of  the  older 
installations. 

The  slope  of  deck  surface  in  general  is  1.5  in.  per  foot  although  a  slope 
of  1.25  in.  per  foot  is  sometimes  used  on  fine  material.  The  tonnage  fed 
per  deck  ranges  from  15  to  20  tons  per  24  turns  and  the  recovery  made  is 
ordinarily  from  40  to  50  per  cent.  On  low-grade  ores  the  ratio  of  concen- 
tration may  reach  as  high  a  figure  as  80  into  one  and  is  never  less  than 
30  into  one.  With  classifiers  now  in  use  the  maximum  size  of  grain  going 
to  the  round  table  is  about  0.25  mm. 

The  revolving  round  table  used  at  the  present  time  by  the  Calumet 
&  Hecla  Mining  Co.  consists  of  four  decks  mounted  on  a  shaft.  The 
table  is  driven  from  the  top  by  means  of  a  crown  gear  and  pinion  and  is 
timed  to  make  1  rev.  per  minute.  The  total  height  of  the  table  from 
crown  gear  to  floor  line  is  21  ft.  and  the  spacing  between  the  decks  is 
3  ft.  8  in.  The  decks  have  the  usual  umbrella  frame,  the  supporting 
brac^  consisting  of  2-in.  angle  irons.  The  frame  is  so  designed  that  the 
supporting  braces  occupy  very  little  of  the  space  between  the  decks. 
The  circumference  of  the  decks  is  stiffened  by  3-in.  angle-iron  rim  seg- 
ments bent  to  the  proper  curve.  The  deck  surface  u^ed  is  cement  laid 
on  wood,  the  cement  being  about  i  in.  thick. 

Each  deck  is  equipped  in  the  center  with  a  cone  with  a  45^  slope  and 
a  base  diameter  of  3  ft.  The  feed  pulp  is  delivered  on  one  side  of  the 
table  only  from  a  special  form  of  feed  box  which  delivers  the  pulp  against 
the  face  of  the  45°  cone.  The  decks  are  in  general  given  a  slope  of  1.5 
in.  in  1  ft. 

Early  Use  of  Revolving  Round  Table  in  BtUte  District 

From  C.  W.  Goodale's  paper  on  the  Concentration  of  Ores  in  the  Butte 
District,  Montana,*  it  would  appear  that  the  Colorado  Smelting  &  Mining 
Co.  was  the  first  to  install  round  tables  in  the  Butte  district.  The  plant 
started  operations  in  1882.  Round  tables  were  installed  in  the  initial 
flow  sheet  of  this  mill,  but  were  afterward  discarded  in  favor  of  Frue 
vanners. 


*  Trans.,  xxvi,  602  (1896). 
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In  the  concentrator  of  the  Montana  Copper  Co.  the  reverse  is  the 
case,  as  Frue  vanners  were  first  installed  and  later  were  replaced  by  round 
tables. 

Use  of  the  Round  Table  at  Great  Falls  for  Sand-Slime  Feed 

Construction  work  on  the  first  concentrator  of  the  B.  &  M.  C.  C.  &  S. 
Mining  Co.  at  Great  Falls  was  started  in  the  spring  of  1891,  the  concen- 
trator being  put  into  operation  in  March,  1892.  A  second  concentrator 
was  completed  and  put  into  operation  in  the  fall  of  1900.  Convex 
revolving  round  tables  were  installed  for  the  treatment  of  the  fine  sand 
and  slime  which  overflowed  the  Evans  hydraulic  classifiers. 

The  round-table  practice  at  Great  Falls,  preceding  the  development  of 
the  table  as  a  concentrator  for  through  0.07-mm.  slime,  did  not  diflFer 
greatly  from  the  round-table  practice  in  other  Montana  mills;  usually  the 
feed  ranged  in  size  from  50  mesh  (0.36  mm.)  to  zero,  with  from  3  to  5  per 
cent,  of  coarser  material  due  to  the  imperfections  of  the  hydraulic  classi- 
fiers employed,  or  to  the  overloading  of  these  classifiers.  No  very  close 
classification  of  feed  was  attempted,  nor  was  any  attempt  made  to  produce 
a  waste  tailing  from  the  round  tables,  the  tables  being  guarded  by  the 
vanners.  The  use  of  the  Wilfley  table,  under  the  conditions  of  round- 
table  operation,  rapidly  superseded  the  use  of  the  round  table  for  the  fol- 
lowing reasons:  (a)  A  cleaner  grade  of  concentrate  was  produced  which 
contained  as  high  or  higher  a  percentage  of  the  copper  fed  to  the  table; 
(6)  a  large  tonnage  of  fairly  low-grade  tailing  could  be  produced  from  a 
feed  no  more  closely  classified  than  the  feed  sent  to  the  round  tables,  thus 
eliminating  there-treatment  of  this  material  on  vanners;  (c)  the  Wilfley 
table  acted  as  a  classifier  in  that  it  made  a  separation  between  the  sand 
and  slime  fed  to  it. 

It  is  probable  that  good  work  could  be  obtained  from  round  tables 
when  fed  with  sand  ranging  in  size  from  60  mesh  (0.25  mm.)  to  200  mesh 
(0.07  mm.).  Under  these  feed  conditions,  the  very  fine  slime  being 
eliminated  from  the  feed,  the  tables  should  produce  a  large  amount  of 
low-grade  tailing  product. 

The  Round  Table  for  Fine  Slime 

The  use  of  the  revolving  convex  round  table  as  a  concentrator  for 
a  through  0.07-mm.  slime  feed  was  originated  by  J.  M.  Callow  of  the 
General  Engineering  Co.,  Salt  Lake  City,  in  an  exhaustive  series  of  tests 
made  by  him  on  the  concentration  of  overflow  slime  at  the  Boston 
Montana  concentrator,  Great  Falls,  during  the  period  October  to  De- 
cember, inclusive,  1904. 

This  is  believed  to  be  the  first  time  that  so  fine  a  feed  had  been 
treated  alone  on  a  round  table;  the  writer  has  looked  up  all  available 
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literature  on  the  subject  but  can  find  no  record  of  a  feed  which  did  not 
contain  a  large  percentage  of  coarser  sand,  the  feeds  usually  varying 
from  0.35  mm.  down. 

The  concentration  of  the  slime  was  preceded  by  a  dewatering  or  pulp- 
thickening  operation,  the  slime  as  produced  in  the  mill  being  unwatered 
in  a  peripheral  overflow  tank  of  Mr.  Callow's  design,  since  well  known 
under  the  name  of  the  Callow  settling  tank  or  cone. 

By  the  use  of  this  unwatering  device,  preceding  the  concentrator,  the 
density  of  the  slime  was  increased  from  about  70  g.  of  solids  per  gallon 
of  pulp  (2  per  cent,  solids)  to  about  350  g.  of  solids  per  gallon  of  pulp 
(8.75  per  cent,  solids)  with  a  loss  of  only  from  2.0  to  2.5  per  cent,  of  solids 
and  copper  in  the  overflow  of  the  tank.  The  capacity  per  Callow  tank, 
to  obtain  the  above  results  on  B.  &  M.  slime,  was  25  gal.  of  slime  feed  per 
minute  or  36,000  gal.  per  24  hr.  per  tank,  the  tank  being  equipped  with 
a  goose-neck  spigot  discharge  with  an  opening  f  in.  in  diameter  operat- 
ing imder  a  head  of  24  in.  A  full  description  of  Mr.  Callow's  tests  will  not 
be  attempted  in  this  paper,  the  general  results  only  being  given. 

The  machines  at  Mr.  Callow's  disposal  for  trying  out  the  concentra- 
tion of  the  thickened  slime  pulp  from  his  tanks  consisted  of  a  smooth-belt 
Frue  vanner,  a  Wilfley  table,  and  a  revolving  convex  round  table. 

The  round  table  was  not  at  first  considered  by  Mr.  Callow,  the  first 
four  tests  being  made  on  a  Frue  vanner  and  the  next  16  on  a  Wilfley  table. 
The  copper  recoveries  made  by  the  Frue  vanner  and  the  Wilfley  table 
were  in  both  cases  low,  especially  so  in  the  case  df  the  Frue  vanner,  which 
was  not  equipped  with  the  necessary  stroke  adjustments  for  the  treat- 
ment of  so  fine  a  feed,  which  it  must  be  remembered  was  about  96  per 
cent,  finer  than  0.07  mm.  (200  mesh) .  Mr.  Callow  then  directed  his  efforts 
toward  finding  what  could  be  accomplished  by  using  the  revolving  round 
table  as  a  concentrator  for  the  slime  and  his  first  results  were  so  satisfac- 
tory that  the  remainder  of  his  tests  were  made  on  this  table. 

No  mechanical  adjustments  were  possible  except  the  speed  and  this 
remained  unchanged  from  the  speed  used  for  the  regular  sand-slime  feed, 
1  rev.  in  2  min.  The  Wilfley  table  and  vanner  have  been  developed 
as  slime  concentrators  since  this  period  but  the  development  of  the  round 
table  has  enabled  it  to  maintain  its  supremacy  in  this  particular  branch  of 
ore  dressing. 

The  tests  made  by  Mr.  Callow  included  tests  made  on  the  individual 
slimes  and  on  various  combination  of  the  slimes,  the  end  results  of  which 
showed  that  the  Callow  tanks  would  handle  from  25  to  30  gal.  of  slime 
pulp  per  minute,  thickening  this  slimy  water  from  a  density  of  about  60 
g.  of  solids  per  gallon  of  pulp  to  a  density  of  about  350  g.  (1.5  to  8.75  per 
cent,  solids),  overflowing  about  90  per  cent,  of  the  water  contained  in  the 
slime  and  delivering  from  95  to  98  per  cent,  of  the  solids  fed  in  the  spigot 
discharge  for  treatment  on  the  round  tables. 
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The  revolving  convex  round  table  was  shown  to  have  a  capacity  for 
treating  from  4  to  6  tons  of  the  thickened  slime  per  24  hr.,  producing  from 
f  to  1  ton  of  concentrate  assaying  from  5  to  6  per  cent,  copper  and 
71  to  75  per  cent,  insoluble,  and  containing  about  50  per  cent,  of  the  cop- 
per in  the  feed,  the  ratio  of  concentration  being  from  5.5  to  6  tons  into  one. 

It  was  recommended  by  Prof.  R.  H.  Richards  that  an  Embrey  vanner 
be  tried  out  as  a  concentrator  for  the  thickened  slime  pulp  from  the  Callow 
tanks,  as,  in  his  opinion,  the  end-shake  vanner,  to  which  t3rpe  the  Embrey 
vanner  belongs,  would  prove  to  be  a  superior  machine  to  the  sidenshake 
vanner  for  the  concentration  of  the  fine  slime. 

An  Embrey  vanner  was,  therefore,  installed  in  the  concentrator  and 
thoroughly  tested  on  the  treatment  of  the  slime  during  March  and  April, 
1905.  The  results  of  the  tests  confirmed  Professor  Richards's  statement 
in  r^ard  to  the  fact  that  the  end-shake  vanner  would  develop  a  higher 
efficiency  than  the  side-shake  vanner  in  the  treatment  of  very  fine  slime, 
the  recovery  of  copper  being  increased,  but  the  recovery  made  by  the  Em- 
brey vanner  still  fell  short  of  the  recovery  made  by  the  revolving  convex 
round  table  and  the  capacity  of  the  vanner  was  much  lower.  The  main 
data  received  from  tests  made  on  the  Embrey  vanner  follow  (p.  1939). 

Some  results  obtained  from  tests  made  in  the  Frue  vanner  when 
equipped  with  a  corrugated  rubber  belt  are  also  presented. 

Construdion  of  Slime  Plant  at  Great  Falls 

In  order  to  try  out  Mr.  Callow's  flow  sheet  on  a  commercial  scale  it 
was  decided  to  erect  a  slime  plant  with  a  capacity  for  treating  about 
1,000,000  gal.  of  slime  per  24  hr.,  the  pulp  carrying  about  80  tons  of  solids. 
This  required  an  installation  of  30  Callow  tanks  and  four  four-deck 
round  tables.  Construction  was  started  on  this  plant  during  the  summer 
of  1905  and  the  operation  of  the  plant  was  started  on  Oct.  1, 1905. 

The  building  was  so  designed,  and  the  equipment  so  arranged,  that 
the  plant  could  be  readily  enlarged  to  the  full  capacity  required  should  the 
results  obtained  justify  this  course. 

The  original  dewatering  and  concentrating  equipment  of  the  slime 
plant  consisted  of  30  8-ft.  Callow  tanks  and  16  17-ft.  revolving  round 
tables  arranged  as  four  four-deck  tables.  The  round  tables  used  were 
the  two-deck  tables  removed  from  the  concentrator  at  about  this  time, 
two  double  decks  being  set  up  one  above  the  other  and  the  shafts  con- 
nected with  a  coupling  so  as  to  form  a  four-deck  table. 

Of  the  16  decks  installed,  four  were  given  a  linoleum  cover,  four  a 
cement  surface  laid  on  the  original  wood  surface,  and  on  the  remaining 
eight  the  original  wooden  surface  was  maintained.  The  circular  feed 
distributing  apron  with  a  2  in.  to  the  foot  slope,  previously  mentioned. 
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was  allowed  to  remain  on  the  tables.  The  slope  of  the  deck  surfaces  was 
1.25  in.  per  foot  for  the  wood  and  linoleum  surface  decks  and  1.5  in.  per 
foot  for  the  cement  siurface  decks;  the  speed  of  all  tables  was  1  rev.  in 
100  sec.  or  36  rev.  per  hour.  The  feed  pulp  was  distributed  over  one- 
half  of  the  table  and  washed  with  dressing  water  on  the  other  half  of  the 
table,  the  tables  being  operated  in  practically  the  same  manner  as  when 
treating  a  sandnslime  feed  in  the  concentrator. 

The  cement-surface  decks  installed  in  the  slime  plant  were  the  first 
decks  of  this  character  installed  at  the  Great  Falls  works;  cement-sur- 
face decks  were  coming  into  general  use  in  the  Michigan  ore-dressing 
plants  at  this  time  and  probably  had  been  used  at  other  plants;  in  fact, 

Results  of  Tests  Made  on  the  Ernbrey  Vanner 

-Date  on  Feed  to  Vanner- «» 


Den-  Anay  Ajaay      Ratio  Reoorery 

Date           No.  of   Rate  per  24  Hr.  aty  in  Per  Concentrate          Per           of  of  Cu 

1906            Teets      Gal-      Pounds    Grama  cent.  Aasay  Per  cent.      eent.  Conctn.  Per 

Made      lona                        per  Cu  Cu         Inaol.      Cu  in       Tons  cent. 

Gal.  Tailing      to  1 

Group  No.  1 

Rev.  per  min.  225,    1-in.  stroke,  belt  speed  6  ft.  8  in.  per  min.,  slope  4  in.  in  12  ft. 

Mcli.8  1         3,850       5,100         600         2.4  0.5         64.0         1.7  11.7  33.0 

Group  No.  2 

Rev.  per  min.  225,  1-in.  stroke,  belt  speed  9  ft.  6  in.  per  min.,  slope  6  in.  in  12  ft. 

Mc1l»-14  6         4,210       3,400         364        2.7  6.8        73.0        2.13  8.3  30.5 

Gro.up  No.  3 

Rev.  per  min.  225,  1-in.  stroke,  belt  speed  10  ft.  per  min.,  slope  0}  in.  in  12  ft. 

Feb.  23-28  6         3.730       3,930  473         3.2'      10.0         60.0        2.53         9.75  32.5 

Group  No.  4 

Rev.  per  min.  225,  1-in.  stroke,  belt  speed  12  ft.  9  in.  per  min.,  slope  11}  in.  in  12  ft. 

Mch.1-7  5         4.050       3.900  430         2.48       6.95         71.0         1.91         7.63  36.8 

Group  No.  5 

Rev.  per  min.  225,  1-in.  stroke,  belt  speed  16  ft.  per  min.,  slope  18  in.  in  12  ft. 

Meh.  7-25  28         4,286       8,818  394         2.46       7.54         69.0         1.99         7.21  37.3 

Group  No.  6 

Rev.  per  min.  248,  f-in.  stroke,  belt  speed  16  ft.  per  min.,  slope  18  in.  in  12  ft. 

ApL  14-22  11         6.829        6,199  426         2.3         7.20         68.0  1.7  9.4  37.8 

Group  No.  7 
Rev.  per  min.  247,  {-in.  stroke,  belt  speed  18  ft.  per  min.,  slope  18  in.  in  12  ft. 
Apl.  21-26  3         5.887       5,416         496.      2.5         7.70         68.8  1.8         10.8  31.0 

John  A.  Church,  mentions  having  installed  cement-deck  round  tables  at 
Tombstone,  Ariz.,  in  1883.* 

Mr.  Church  states  that  the  use  of  cement  for  round-table  deck  sur- 


'^  Trans.,  xv,  601  (1886-87). 
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ResvMs  of  Tests  Made  an  Frue  Vanner,  February  to  April,  1905 

Revolutions  per  minute 106  196  106  196  196  196 

Len4Eth  of  stroke  in  inches. 1  1  1  1                 1                1 

Belt  speed  in  feet  per  minute 5  4  2  6                9  10 

Slope  of  belt,  in.  in  12  ft 6  7  9  5                8i              9i 

Number  of  tests  nukde 1  1  4  6                4               3 

Rate  of  feed,  gaUons  per  24  hr 4.620         4,350  5,127  5.977  5.745 

Rate  of  feed,  dry  solids,  pounds,  24  hr..  3,780  4,550  4.082  4,804  5.068  5.484 

Density  of  feed  in  grams  per  gallon....          380         406  391  398            427 

Assay  per  cent,  copper  in  feed 3.3  2.7  2.47  3.1  2.2           2.4 

Assay  per  cent,  oopper  in  concentrate..           8.9  7.2  6.7  7.2            5.1           6.5 

Assay  per  cent,  insoluble  in  concentrate  68.4  72.4  71.3  73.5  77.1  73.3 

Assay  per  cent.  Ctt  in  tailing 2.7  2.2  2.0  2.4            1.6           1.8 

Ratio  of  concentration,  tons  into  1 11.1  8.65  9.37  6.8  6.2           8.7 

Per  cent.  Cu  fed.  recov*d in  concentrate.  24.4  30.7  29.9  33.5  35.7  83.3 

faces  was  not  original  with  him  at  that  time,  he  having  read  of  its  use  al- 
though he  had  not  seen  tables  with  this  character  of  deck  surface  in  opera- 
tion. Mr.  Church  introduced  the  round  tables  in  the  Tombstone  district 
after  seeing  the  performance  of  the  revolving  round  tables  in  the  Lake  Su- 
perior copper  mills,  where,  at  that  time  they  were  made  entirely  of  wood. 
JThe  deck  slopes  used  by  Mr.  Church  were  as  follows:  1.75  in.  per  foot  for 
all  but  the  finest  slime,  for  the  treatment  of  which  the  deck  slope  was 
reduced  to  1.25  in.  per  foot.  A  novelty  introduced  by  Mr.  Church  was 
the  construction  of  some  tables  with  iron  framework,  under  the  impres- 
sion that  the  swelling  of  timbers  in  such  a  wet  place  as  a  mill  might 
throw  the  surface  out  of  true.  In  constructing  the  above-mentioned  con- 
crete-deck surfaces  the  body  of  the  table  surface  was  made  of  concrete 
with  broken  stones  up  to  |-in.  ring  and  with  the  cement  so  scant,  that 
the  concrete  was  visibly  (and  coarsely)  porous.  A  thin  skin  of  pure 
cement  was  laid  on  this,  of  not  much  more  than  paper  thickness.  Mr. 
Church  states  that  these  tables  kept  their  surface  extremely  well,  better 
than  some  all-cement  surfaces  that  he  has  seen;  he  thinks,  however  that 
the  quality  of  the  cement  has  more  to  do  with  the  results  than  the  mode 
of  laying  on. 

Tests  on  Wood,  Linoleum,  and  Cement  Decks 

To  return  to  the  Great  Falls  slime  plant.  In  January,  1900,  the  writer, 
who  was  placed  in  charge  of  the  slime  plant  during  the  first  year  of  its 
operation,  carried  out  a  series  of  tests  with  a  view  to  determining  the  rela- 
tive effectiveness  of  wood,  linoleum,  and  cement  deck  surfaces  on  a 
round  table,  two  series  of  tests  being  made  each  extending  over  a  10-day 
period.  During  the  first  test  the  total  feed  to  the  tables  was  distributed 
over  12  of  the  16  decks,  one  four-deck  table  being  shut  down,  while 
during  the  second  test  the  16  decks  were  used.  The  first  test  was 
called  a  high-tonnage  test  and  the  second  a  low-tonnage  test.  Three 
tables  were  tested,  the  deck  surfaces  being  wood,  linoleum,  and  cement, 
respectively. 
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The  average  results  of  the  high-tonnage  tests  only  are  given  in 
detail  in  the  foUowing  tabulation: 

High-Tonnage  Test  ReanUa. — ^The  tonnage  treated  per  24  hr.  during 
the  above-mentioned  tests  was  approximately  4.5  tons,  which  was 
called  a  high  tonnage  at  the  time  of  making  the  tests;  the  writer  will 
show  later  how  the  tonnage  treated  per  deck  surface  has  been  greatly 
increased.  In  considering  the  above  feed  it  must  be  remembered  that  this 
feed  contained  a  large  percentage  of  colloidal  slime  in  addition  to  the  very 
fine  sandS;  although  at  the  time  the  tests  were  made  it  had  been  decided 
to  subject  the  Callow  tanks  to  an  overload  in  order  to  secure  a  greater 
copper  production  from  the  plant,  it  being  more  profitable  under  the  exist- 

TesU  Made  on  Round  Tables  with  Wood,  Linoleum,  and  Cement  Deck 

Surfaces 

Kind  of  Deck  Surface 

Data  Wood  Linoleum  Cement 

Tons  diy  soUds  treated  per  24  hr 4.388  4.474  4.517 

Density  of  feed  in  grams  per  gallon 310  280  296 

Assay  per  cent,  copper  in  feed 2.77  2.75  2.76 

Tons  of  concentrate  produced  per  24  hr 1.422  1.149  0.954 

Assay  per  cent,  copper  in  concentrate 5.29  5.92  7.03 

Assay  per  cent,  insoluble  in  concentrate 76. 13  73.4  69.3 

Per  cent,  of  copper  fed,  recovered  in  concentrate 62 .  14  55 .  28  53 .  81 

Ratio  of  concentration,  tons  into  one 3.086  3.894  4.735 

Ratio  of  enrichment  (copper) 1.90  2.153  2.547 

Tons  feed-side  tailing  produced  per  24  hr 1.393  1.615  1.614' 

Assay  per  cent,  copper 1 .77  1 .86  1 .82 

Tons  wash-aide  tailing  produced  per  24  hr 1.573  1.709  1.969 

Assay  per  cent,  copper 1.35  1.45  1.44 

Tons  total  tailing  produced  per  24  hr 2.966  3.324  3.563 

Assay  per  cent,  copper 1.55  1.65  1.61 

Gallons  of  fresh  water  used  per  24  hr 26,423  22,254  24,501 

Gallons  of  fresh  water  used  per  ton  fed 6,022  4,974  5,424 

Per  cent,  of  original  feed  solids  in  concentrate 32.41  25.69  21 .  12 

Per  cent,  of  original  feed  solids  in  tailing 67.59  74.31  78.88 

ing  conditions  to  operate  the  plant  in  this  manner.  On  Jan.  1,  1906,  the 
feed  per  Callow  tank  was,  therefore,  increased  from  29.8  gal.  per  minute 
to  41.6  gal.  per  minute,  which  had  the  effect  of  raising  the  density  of 
the  Callow  tank  overflow  from  3.5  to  13.5  g.  of  solids  per  gallon  of  pulp. 
As  the  increased  overflow  loss  was  made  up  largely  of  colloidal  slime,  the 
character  of  the  spigot  discharge  of  the  tanks  (round-table  feed)  was 
changed  to  some  extent  and  in  a  manner  which  made  it  more  susceptible 
to  concentration  on  a  round  table  due  to  the  lesser  percentage  of  colloids 
in  the  feed.  This  accounts  for  the  fact  that  the  table  recoveries  shown 
by  the  test  results  are  from  4  to  12  per  cent,  higher  than  the  results 
obtained  by  Mr.  Callow. 
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A  reference  to  the  above  table  shows  that  the  wood  deck  surface 
recovered  6.86  per  cent,  more  of  the  feed  copper  in  concentrate  than  the 
linoleum-covered  deck  and  8.33  per  cent,  more,  than  the  cement  deck 
surface,  but  also,  that  this  additional  recovery  was  made  at  the  expense 
of  a  more  siliceous  concentrate  and  a  concentrate  with  a  lower  copper 
value,  the  wood-deck  concentrate  assaying  0.63  per  cent,  less  in  copper 
than  the  linoleum-deck  concentrate  and  1.74  per  cent,  less  than  the 
cement-deck  concentrate.  From  the  above  it  follows  that  the  wood 
deck  produced  a  lower  tonnage  of  a  lower  grade  of  tailing  than  the  other 
decks  and  this  is  shown  to  be  the  case,  the  wood  deck  producing  0.358 
ton  less  tailing  than  the  linoleum  deck  and  this  tailing  assaying  0.10 
per  cent,  less  in  copper,  and  0.597  ton  less  tailing  than  the  cement  deck 
assaying  0.06  per  cent,  less  in  copper. 

It  may  be  well  to  parallel  additional  data  on  the  tailing  losses  from  the 
tables  and  this  is  done  in  the  following  table: 

Data  on  Tailing  Losses 

Kind  of  Deck  Surface 

Wood  Linoleum  Cement 

Per  cent,  of  feed  solids  in  feed-side  tailing 31.75  36.11  36.39 

Per  cent,  of  feed  copper  in  feed-side  tailing 20. 16  24.39  24. 10 

Assay  per  cent.  Cu  of  -feedHside  tailing 1 .  77  1 .  86          1 .82 

Per  cent,  of  feed  solids  lost  in  wash-side  tailing 35.84  38.20  42.49 

Per  cent,  of  feed  copper  lost  in  wash-side  tailing 17 .  70  20 .  33  22 .  09 

Assay  per  cent.  Cu  of  washnside  tailing 1 .35  1 .45          1.44 

Per  cent,  of  feed  solids  lost  in  total  tailing 67.59  74.31  78.88 

Per  cent,  of  feed  copper  lost  in  total  tailing 37.86  44.72  46. 19 

Assay  per  cent.  Cu  of  total  tailing 1 .  55  1 .  65          1 .  61 

The  tailing  made  by  the  linoleum  and  cement  decks  does  not  show  a 
notably  higher  assay  copper  percentage  than  the  tailing  produced  by  the 
wood  deck,  especially  so  in  the  case  of  the  cement  deck,  the  greater  loss 
of  copper  in  tailing  being  largely  due  to  an  increased  production  of  tailing 
material.  For  this  reason  the  writer  favored  the  use  of  cement  deck 
surfaces  with  a  slightly  flatter  slope  than  the  deck  under  test  (this  deck 
having  a  slope  of  1.5  in.  per  foot),  providing  the  cement  was  laid  on  a  rigid 
framework  so  that  the  cement  could  not  crack  or  get  out  of  true  in  any 
way. 

Low-Tonnage  Test  Results. — The  reduction  of  the  tonnage  fed  to  the 
decks  per  24  hr.  from  4.5  to  3.5  tons,  improved  the  copper  recovery  and 
reduced  the  tailing  loss  on  all  three  decks  but  had  the  greatest  effect  on 
the  work  of  the  linoleum  and  cement  decks,  the  recovery  made  by  the 
latter  decks  approaching  to  within  3.0  per  cent,  and  1.4  per  cent,  respec- 
tively of  the  recovery  made  by  the  wood  deck,  this  being  partly  due  to  a 
slight  lowering  of  the  grade  of  concentrate  produced  in  each  case. 
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A  comparison  of  the  results  obtained  in  the  low-tonnage  tests  showed 
that  the  additional  loss  of  copper  in  tailing  from  the  linoleum  and  cement 
decks  was  due  entirely  to  the  production  of  a  greater  tonnage  of  tailing 
material  than  was  produced  by  the  wood  deck,  the  linoleum  deck  dis- 
carding 3.64  per  cent,  more  of  the  feed  solids  as  tailing  and  losing  2.99 
per  cent,  more  of  the  feed  copper  than  the  wood  deck,  and  the  cement 
deck  discarding  5.10  per  cent,  more  of  the  feed  solids  as  tailing  and  losing 
only  1.37  per  cent,  more  of  the  feed  copper.  These  results  also  favored 
the  use  of  cement  deck  surfaces  as  tending  to  produce  a  cleaner  grade  of 
concentrate  and  a  lower  grade  of  tailing  with  a  lower  consumption  of 
dressing  water  if  rigidly  constructed  and  given  the  right  slope.  During 
the  running  of  above  tests  the  writer  noted  the  fact  that  no  concentration 
took  place  on  the  feed  aprons  previously  described,  these  aprons  having  a 
slope  of  2  in.  in  1  ft.,  and  also  noted  that  very  little  settlement  took 
place  on  the  first  8  or  10  in.  of  the  working  radius  of  the  table,  due  to  the 
velocity  that  the  steep  slope  of  the  apron  and  the  fall  of  about  1  in.  from 
surface  of  apron  to  surface  of  table  deck  gave  to  the  feed  pulp. 

Central  Feed  Apron  Removed 

At-  the  conclusion  of  the  tests,  February,  1906,  the  writer  removed 
the  feed  apron  from  one  of  the  wood  decks,  filled  in  the  space  with  a  cement 
mortar  (3  sand,  1  cement),  with  a  finishing  coat  of  neat  cement.  A  slope 
of  but  1  in.  in  1  ft.  was  given  to  this  surface  since  it  was  considered  that 
the  initial  velocity  of  the  feed  when  discharged  from  the  feed  box  was 
suflScient  to  warrant  lesser  slope  than  that  given  to  the  remainder  of  the 
deck  surface.*  The  results  of  this  change  showed  that  a  considerable 
deposit  of  very  clean  concentrate  could  be  obtained  within  12  in.  of  the 
edge  of  the  wash-water  cup,  the  working  radius  of  the  table  being 
lengthened  about  3  ft.  in  the  direction  of  the  center.  Shortly  afterward 
another  of  the  wood  decks  was  changed  in  the  same  manner  and  a  new 
type  of  feed  and  wash-water  cup  was  introduced  with  a  view  to  getting  a 
better  delivery  of  feed  on  the  table.  These  feed  and  wash-water  cups, 
which  for  experimental  purposes  were  made  of  galvanized  iron,  were  so 
constructed  that  the  feed  and  wash  water  overflowed  the  rims,  falling  down 
the  sides  on  to  an  apron  with  3-in.  radius  and  15°  slope,  the  outer  edge  of 
the  apron  practically  touching  the  deck  surface.  These  feed  and  wash 
water  cups,  if  kept  perfectly  level  and  given  attention  by  the  operator 
about  twice  per  shift  to  remove  any  foreign  material,  gave  satisfactory 
service,  delivering  the  feed  and  wash  water  to  the  table  with  an  even 
distribution. 

Overflow  feed  and  wash-water  cups  had  been  previously  used  on  the 

'This  is  the  first  time  that  a  variable  deck  slope  was  tried  at  Great  Falls. 
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round  tables,  but  on  these  the  apron  attached  to  the  cup  had  a  slope  of 
45°  and  the  edge  of  the  apron  was  usually  from  6  to  8  in.  above  the  surface 
of  the  distributing  apron  on  the  table.  On  all  cement  deck  surfaces  con- 
structed since  this  time  the  central  distributing  apron  has  been  dis- 
pensed with,  the  working  radius  of  the  table  being  extended  to  the  feed 
and  wash-water  cup. 

Re-trecUment  of  Raund-Table  Tailing 

In  June,  1907,  the  writer  carried  out  a  series  of  tests  to  determine  to 
what  extent  the  recovery  of  copper  could  be  increased  by  re-treating  the 
round-table  tailing. 

The  feed  and  wash  side  tailings  from  six  round  tables  (four  wood  and 
two  linoleum  deck  surfaces)  were  fed  into  four  Callow  tanks,  the  plug 
discharges  of  the  tanks  in  turn  being  fed  on  to  a  cement-deck  round  table, 
while  the  overflow  went  to  the  tail  race.  The  cement-deck  table  made  a 
low  recovery  of  copper  (21.29  per  cent.)  which  when  figured  back  to 
original  slime  gave  an  additional  copper  recovery  of  about  2.5  per  cent. 
The  concentrate  produced  was  of  a  very  low  grade,  being  not  much  richer 
than  the  original  slime. 

A  test  was  then  made  on  the  re-treatment  of  the  feed-side  tailing  alone. 
A  better  grade  of  concentrate  was  obtained  than  from  re-treating  the  mix- 
ture of  feed  and  wash  side  tailings,  but  the  recovery  made  was  lower.  The 
tests  showed  conclusively  that  the  amount  of  original  slime  copper  to  be 
recovered  by  a  re-treatment  of  the  round-table  tailing  was  small,  probably 
no  more  than  would  be  gained  by  a  first  treatment  with  tables  properly 
designed  for  the  treatment  of  a  slime  feed. 

Determination  of  Conditions  for  Round-TabU  Treaiment  of  Slimes 

Early  in  1908  the  writer  had  an  experimental  slime  table  constructed 
similar  to  the  one  described  in  Richards's  Ore  Dressing ,  vol.  ii,  p.  1155, 
with  a  view  to  carrying  out  a  series  of  experiments  to  determine  the  proper 
slope  of  deck  surface,  and  rate  of  feed,  for  round  tables  operating  on  a 
through  0.07-mm.  feed.  The  table,  which  was  1  ft.  wide  and  6  ft.  long, 
was  made  adjustable  as  to  slope  by  an  arrangement  of  steps  which  in- 
creased the  slope  by  J  in.  per  foot  at  one  time.  A  smooth  cement  sur- 
face was  used  on  the  table  and  the  various  slimes  and  slime  mixtures  were 
tested  out  under  varying  rates  of  feed,  deck  slopes,  etc. 

The  conclusions  reached  from  the  results  of  the  tests  were  as  follows: 
The  table  should  be  18  ft.  in  diameter;  should  have  a  cement  deck  surface 
sloping  1.25  in.  in  1  ft. ;  and  should  make  1  rev.  in  200  sec.  A  re-treatment 
of  the  feed-side  tailings  on  a  canvas  deck  surface  was  recommended. 

During  the  sunmier  of  1909  we  carried  out  a  series  of  tests  in  the 
concentrator,  using  an  adjustable  segment  of  a  canvas-covered  round 
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table.  The  purpose  was  to  detennine  the  difference  in  behavior  of  the 
various  concentrator  slimes,  as  to  both  settling  and  concentration,  and  the 
proper  treatment  for  each. 

The  experimental  table  as  originally  constructed  was  a  segment  of  a 
round  table,  being  the  equivalent  of  one-tenth  of  an  18-ft.  table.  The 
slope  of  the  table  was  adjusted  by  raising  or  lowering  the  feed  end.  The 
surface  used  on  the  table  deck  was  No.  6  duck,  the  woof  (cross  threads) 
being  laid  approximately  parallel  to  the  direction  of  the  slope.  A  large 
number  of  tests  were  made,  both  on  the  individual  slimes  and  upon  certain 
slime  mixtures  such  as  the  slime  plant  was  handling  at  the  time. 

The  following  general  conclusions  were  arrived  at:  The  primary 
slimes  might  be  mixed,  dewatered  so  as  to  recover  about  98  per  cent,  of 
the  solids,  and  then  treated  on  a  canvas-deck  round  table  with  a  slope 
of  1.25  in.  per  foot.  The  table  should  make  1  rev.  in  20  min.  and  produce 
a  concentrate  assaying  7.0  per  cent,  copper,  and  a  tailing  assaying  1.15  per 
cent,  copper.  For  the  lower-grade  or  secondary  slime  a  slightly  greater 
deck  slope  (1.375  in.  per  foot)  was  suggested,  but  it  was  considered  prob- 
able that  the  1.25  in.  per  foot  slope  would  be  found  quite  satisfactory 
for  the  normal  mbcture. 

Toward  the  latter  part  of  1907,  Dr.  Robert  H.  Richards  suggested 
the  use  of  canvas-deck  round  tables  for  the  slime  plant,  the  tables  to 
be  given  a  speed  of  1  rev.  per  hour  and  to  be  fed  over  nine-tenths  of 
their  entire  surface,  no  dressing  water  to  be  used.  Acting  on  this  sug- 
gestion three  round-table  decks  were  covered  with  canvas  (No.  6  duck) 
and  the  speed  was  reduced  to  1  rev.  per  hour.  It  was  expected  that  the 
concentrate  would  be  so  low  in  grade  as  to  require  a  final  dressing  on  an- 
other table,  but  such  was  not  the  case,  as  a  very  fair  grade  was  produced. 

The  slime  plant  practice  recommended  by  Dr.  Richards  was  as  fol- 
lows: A  low  ratio  of  concentration,  a  low-grade  concentrate  and  a  high 
recovery  on  the  round  tables;  the  concentrate  to  be  re-treated  and  en- 
riched on  a  secondary  table,  from  which  the  tailing  would  go  back  to  the 
round  table.  In  accordance  with  this  suggestion,  the  round  tables  were 
recommended  for  use  as  roughing  tables.  Dr.  Richards  also  recom- 
mended that  the  Embrey  vanner  be  used  as  a  finishing  machine  for 
cleaning  up  the  rough  concentrate  from  the  round  tables,  but  up  to  the 
present  time  this  part  of  the  plan  has  not  been  tried  out,  Deister,  Craven, 
and  James  tables  having  been  used  as  finishing  machines. 

Variation  in  Slope  of  Round-Table  Deck 

The  first  round  table  with  a  variation  in  the  slope  of  the  deck  surface, 
tried  out  at  Great  Falls,  with  the  exception  of  the  change  made  when 
removing  the  central  feed  aprons,  was  installed  in  the  slime  plant  in 
June,  1910. 
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J.  H.  Klepinger,  Assistant  Superintendent,  suggested  the  use  of  a 
conoidal  deck  surface,  and  proposed  to  lay  a  cement  surface  of  this  char- 
acter on  one  of  the  wooden  decks.  As  the  wooden  decks  in  use  were  old 
tables,  and  as  the  cement  deck  would  add  greatly  to  the  weight  which 
the  framework  would  have  to  support,  it  was  thought  that  the  structure 
would  break  down  under  the  increased  load.  A  compromise  was  there- 
fore adopted,  a  cement  deck  surface  being  installed  which  was  divided 
into  two  sections,  at  first  of  the  same  length  radially,  the  feed  apron  pre- 
viously referred  to  being  left  in  the  center,  but  of  unequal  areas,  the  upper 
deck  being  concentric  to  the  lower  deck.  There  was  a  drop  of  about  1.25 
in.  between  the  first  and  second  deck  sections.  The  first  or  upper  deck 
section  was  given  a  slope  of  1  in.  in  1  ft.  and  the  second  or  lower  deck 
section  a  slope  of  1.25  in.  per  foot.  The  steep  feed  apron  with  a  slope 
of  2  in.  per  foot  was  afterward  removed  and  the  upper  deck  with  its 
slope  of  1  in.  per  foot  was  extended  to  the  feed  box. 

This  change  gave  the  upper  deck  a  radial  length  from  the  point  where 
it  received  the  feed,  to  its  perimeter,  of  5  ft.  About  3  in.  of  radial  length 
was  occupied  by  the  slope  of  the  upper  to  the  lower  deck,  leaving  a  radial 
length  of  30  in.  for  the  lower  deck. 

Data  From  Five  Tests  on  Cement  Step  Deck 


June, 
1910 

Time  for  table  to  make  1  rev.,  min 60 

Tons  dry  solidfl  treated  per  24  hr 5. 84 

Density  of  feed  in  grams  per  gallon. . .  314 

Assay  per  cent.  Cu  in  feed 2. 44 

Tons  total  concentrate  produced  per 

24  hr 0.750 

Assay  per  cent,  copper  in  concentrate.  '    7.75 

Assay  per  cent,  insoluble  in  concentrate  70.8 

Assay  per  cent.  FeO  in  concentrate. ...  8.0 

Per  cent,  of  copper  fed,  recov'd  in  conct.  31 .  93 

Ratio  of  concentration,  tons  into  one. .  7 . 750 

Ratio  of  enrichment  (copper) 3. 17 

Tons  feed-side  tailing  prod,  per  24  hr..  2.51 

Assay  per  cent,  copper 1 .  58 

Tons  wash-side  tailing  prod,  per  24  hr. .  2 .  58 

Assay  per  cent,  copper 2 .  24 

Tons  total  tailing  produced  per  24  hr..  5.1 

Assay  per  cent,  copper 1.9 

Gallons  of  fresh  water  used  per  24  hr. . .  8,382 

Gallons  of  fresh  water  used  per  ton  fed.  1,435 

Per  cent,  of  original  feed  solids  in  oonct.  12.91 

Per  cent,  of  original  feed  solids  in  tailing .  87 .  09 

This  table  was  tested  in  June,  1910,  being  set  to  make  1  rev.  per  hour. 
The  results  obtained  were  not  satisfactory,  a  heavy  building  up  of  solids 
occurring  on  the  upper  deck  which  caused  a  channeling  of  the  feed  and 
consequent  heavy  tailing  loss.     The  speed  of  the  table  was  then  increased 


Date  of  Test  Period 

Sept., 

April, 

March, 

1913 

1910 

1911 

No.  1 

No.  2 

19 

19 

19 

19 

11.3 

6.4 

6.184 

4.825 

432 

364 

495 

246 

2.21 

3.70 

3.24 

3.16 

3.2 

2.2 

2.558 

1.220 

4.83 

7.19 

6.98 

8.64 

75.8 

70.8 

71.5 

67.9 

7.5 

9.1 

9.9 

16.1 

61.15 

79.46 

76.31 

68.52 

3.6 

2.5 

2.38 

3.95 

2.18 

1.94 

1.84 

2.73 

4.02 

0.9 

1.388 

2.044 

1.08 

1.03 

1.58 

1.22 

4.14 

2.3 

2.238 

1.572 

1.30 

1.5 

1.14 

1.46 

8.2 

3.2 

3.626 

3.616 

1.19 

1.28 

1.31 

1.33 

12,347 

9.417 

15,659 

16.783 

1,093 

1.744 

2.530 

3,480 

28.04 

40.85 

41.36 

25.07 

71.96 

59.15 

58.64 

74.93 
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SO  that  it  made  1  rev.  in  19  min.  or  practically  3  rev.  per  hour,  the  table 
being  again  tested  in  September,  1910,  and  April,  1911.  In  spite  of  the 
fact  that  the  tonnage  fed  to  the  table  in  the  September  test  was  nearly 
double  the  tonnage  fed  in  the  June  test,  the  work  of  the  table  showed  great 
improvement,  the  channeling  of  the  feed  being  nearly  entirely  eliminated. 
The  April  test  was  made  on  a  lower  tonnage,  good  results  being  obtained. 
The  table  was  again  tested  in  March,  1913,  while  the  writer  was  carrying 
out  some  tests  on  conoidal  deck  tables,  the  steep  feed  apron  having 
been  removed  in  the  meantime,  two  tests  being  made  under  diflferent 
tonnage  and  feed-density  conditions.  The  test  results  showed  that  the 
removal  of  the  steep  feed  apron  further  improved  the  work  of  the  table. 

In  the  two  1910  tests  and  the  April,  1911,  test  the  table  was  operated 
as  a  roughing  table,  while  in  the  March,  1913,  tests  the  table  was  fed  over 
about  three-quarters  of  its  area  and  washed  with  dressing  water  over 
about  one-quarter  of  its  area;  this  accounts  for  the  smaller  quantity  of 
fresh  water  used  in  former  tests. 

In  the  April,  191 1,  test  the  central  feed  apron  had  been  trued  up  so  that 
a  better  distribution  of  feed  was  obtained. 

In  comparing  the  results  of  the  two  1910  tests  and  the  April,  1911, 
test  it  can  be  seen  that  the  work  of  the  table  improved  greatly  with  each 
succeeding  test.  In  the  June,  1910,  test  the  slow  speed  of  the  table 
caused  channeling  even  with  a  light  feed.  In  the  September,  1910,  test 
the  speed  of  the  table  and  the  tonnage  were  both  increased,  and  although 
the  tonnage  was  increased  rather  too  much,  the  work  done  showed 
considerable  improvement.  In  the  June,  1910,  test  and  the  April,  1911, 
test  the  tonnages  treated  by  the  table  were  very  nearly  the  same  so  that 
the  effect  of  the  increased  speed  can  be  better  observed  in  these  compari- 
sons. The  assay  per  cent,  of  copper  of  the  feed  in  the  April  test  was 
higher  than  in  the  June  test,  but  the  tailing  produced  was  lower  and  the 
work  done  by  the  table  showed  great  improvement.  It  was  considered 
doubtful  at  the  time,  however,  whether  the  work  by  this  type  of  table 
would  surpass  the  work  done  by  a  rigidly  constructed  cement-deck 
table  with  a  regular  slope  of  1.25  in.  per  foot  and  so  far  these  doubts 
have  been  justified. 

The  St^el-Frame  Cement-Deck  Round  Table 

The  construction  of  a  four-deck  steel-frame  cement-deck  round  table 
(Fig.  1)  was  started  early  in  1911,  the  table  being  installed  in  the  slime 
plant  and  put  into  commission  on  Apr.  17,  1911. 

Of  the  four  decks,  the  three  upper  decks  were  given  a  slightly  rough 
finished  cement  surface  while  the  lower  deck  was  cemented  in  such  a 
manner  that  canvas  could  be  laid  over  the  cement,  the  canvas  being 
tacked  to  strips  of  wood  laid  radially  in  the  cement.     By  this  arrangement 
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it  was  possible  to  change  the  deck  readily  from  a  canvas  to  a  cement  sur- 
face if  the  canvas  proved  unsatisfactory. 

When  the  steel-frame  table  was  designed  it  had  abready  been  proved 
that  the  rough  canvas  surface  was  satisfactory  for  a  roughing  table 
designed  to  produce,  with  high  efficiency,  a  low-grade  tailing  and  a  low- 
grade  concentrate.  The  disadvantages  of  the  use  of  canvas  were,  the 
cost  of  maintenance  and  excessive  amount  of  wash  water  required. 

It  was  evident  that  if  a  cement  surface  of  a  character  similar  to  canvas 
could  be  utilized,  these  disadvantages  could  be  eliminated.  It  was  for 
this  reason  that  three  of  the  decks  of  the  new  table  were  surfaced  with 
cement  at  the  start.  The  one  canvas  surface  was  soon  replaced  with 
cement. 

The  steel  frame  was  a  great  improvement  over  the  wood-frame 
construction;  the  cement  decks  being  rigidly  supported,  a  true  conical 
surface  could  be  maintained  and  the  liability  of  cracks  developing  in  the 
deck  surfaces  was  eliminated.  The  cement  decks  were  made  of  a  mixture 
of  one  part  cement  to  two  parts  concentrator-tailing  sand. 

The  decks  had  a  diameter  of  18  ft.  and  a  slope  of  1.25  in.  per  foot,  the 
distance  between  deck  surfaces  being  5  ft.  The  total  height  from  floor 
to  top  of  center  shaft  is  25  ft.  2  in.  The  diameter  of  the  center  shaft  is 
8  in.,  the  shaft  consisting  of  five  cast-iron  sections,  a  top  and  a  bottom 
section  and  three  intermediate  sections,  the  intermediate  sections  being 
5  ft.  1^  in.  long. 

The  tables  were  equipped  with  movable  sprays  for  washing  oflf  the 
concentrate.  These  were  supposed  to  wash  cleaner  with  less  consump- 
tion of  water  than  stationary  sprays.  The  sprays  had  a  throw  of  9  in. 
transmitted  by  means  of  an  eccentric  and  crank  and  made  4  strokes  per 
minute;  the  use  of  movable  sprays  was  afterward  discontinued,  since  no 
especial  advantage  was  shown  over  the  stationary  form. 

Testa  on  Cement  and  Canvas  Deck  Surfaces 

One  cement  deck  surface  and  the  canvas-covered  deck  were  thor- 
oughly tested  in  AprU,  1911,  the  results  of  the  tests  being  presented 
below. 

It  has  been  stated  above  that  the  decks  had  a  slope  of  1.25  in.  per  foot, 
but  it  was  found  from  accurate  measurements  made  on  April  29,  1911, 
that  the  actual  slope  of  the  cement  deck  tested  was  1.2  in.  per  foot  and 
of  the  canvas  deck  1.13  in.  per  foot.  The  chief  data  obtained  from  the 
tests  are  placed  in  parallel  columns. 

In  the  following  tests  the  two  tables  were  fed  at  the  same  rate  per  24 
hr.,  the  feed  for  the  canvas  deck,  however,  being  slightly  higher  in  assay 
per  cent,  of  copper  than  the  feed  for  the  cement  deck. 

The  cement  deck  made  a  recovery  of  82  per  cent,  of  the  copper  fed  in 
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2.9  tons  of  concentrate;  the  ratio  of  concentration  being  2.9  tons  into  one. 

The  canvas  deck  made  a  recovery  of  87  per  cent,  of  the  copper  fed  in 
4.3  tons  of  concentrate,  the  ratio  of  concentration  being  1.9  tons  into  one. 

If  these  concentrates  were  sent  direct  to  the  smelter  in  the  condition 


Deck  surface,  cement  mortar  (2  parts  sandjto  1  part  cement).  Slope  of  deck  sur- 
face, 1.25  in.  per  foot.  Diameter  of  decks,  18  ft.  Decks  make  one  revolution  in  20 
min. 

Fig.  1. — ^FoxTB-DscK  Steel-Frame  Round  Table,  Great  Falls. 

in  which  they  were  produced  by  the  round  tables,  the  additional  cost  of 
fluxing  the  silica  contained  in  the  canvas-deck  concentrate,  together  with 
the  additional  cost  of  loading,  transporting,  and  unloading,  would  prob- 
ably more  than  offset  the  advantage  gained  by  the  extra  recovery  of  5 
per  cent,  of  copper  made  by  the  deck. 

As,  however,  the  round  tables  were  used  as  roughing  tables,  the  con- 
centrate produced  being  cleaned  up  on  finishing  tables,  the  canvas-deck 
table  would  appear  to  have  some  advantages  in  making  a  5  per  cent. 
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higher  recovery  of  copper  than  the  cement  deck.  It  is  noted,  however, 
that  the  assay  value  of  the  total  tailing  produced  by  the  canvas  deck  is 
slightly  higher  than  that  of  the  similar  product  of  the  cement  deck,  the 
extra  recovery  of  copper  made  by  the  canvas  deck  being  traceable  to  a 
sUghtly  richer  feed. 

The  assay  value  of  the  feed-side  tailing  produced  by  the  canvas  deck 
is  slightly  higher  than  that  of  the  cement  deck,  while  for  the  wash-side 
calling  the  copper  content  is  lower  in  the  case  of  the  canvas  deck. 

iW  Results  Obtained  on  SteeL-Frame  Cement  and  Canvas  Deck  Surfaces 

Kind  of  Deck  Surface 

Cement  Canvas 

Time  to  make  one  revolution,  minutes 19                19 

Slope  of  table  deck  in  inches  per  foot 1.2              1 .  13 

Tons  of  dry  solids  fed  per  24  hr 8.3              8.3 

Assay  per  cent,  copper  in  feed 3.36            3.46 

Density  of  feed  in  grams  per  gallon 374             390 

Tons  of  concentrate  produced  per  24  hr 2.9              4.3 

Ratio  of  concentration,  tons  into  one 2.9              1.9 

Assay  per  cent,  copper  in  concentrate 7.84            5.79 

Assay  per  cent,  insoluble  in  concentrate 67.3  74.7 

Assay  per  cent.  FeO  in  concentrate 10.5              7.9 

Per  cent,  of  copper  fed,  recovered  in  concentrate 82.01  86.98 

Gallons  of  fresh  water  added  per  24  hr 10,112  12,589 

Gallons  of  fresh  water  added  per  ton  fed 1,218             1,517 

Gallons  of  fresh  water  added  per  ton  concentrate 3,487  2,928 

Tons  of  north-«ide  tailing  produced  per  24  hr 3.2                2.2 

Assay  per  cent,  copper  of  above 0. 96              0.98 

Per  cent,  of  feed  solids  in  north-mde  tailing ^ 38. 16  26.45 

Per  cent,  of  feed  copper  in  north-side  tailing 10.79              7.46 

Tons  of  southHside  tailing  produced  per  24  hr 2.2                1.8 

Assay  per  cent,  copper  of  above 0-. 91              0. 88 

Per  cent,  of  feed  solids  in  southnside  tailing 26. 69  21 . 57 

Per  cent,  of  feed  copper  in  south-side  tailing T.  19             5 .  56 

Tons  of  total  tailing  produced  per  24  hr 5.4               4.0 

Assay  per  cent,  copper  of  above 0. 98             0.94 

Per  cent,  of  feed  solids  in  total  tailing 64.85  48.02 

Per  cent,  of  feed  copper  in  total  tailing 17 .  99  13 .02 

From  the  results  obtained,  it  was  the  opinion  of  the  writer  that  if  the 
slope  of  the  canvas  deck  had  been  the  same  as  that  of  the  cement  deck, 
the  advantage  gained  by  the  canvas  deck  in  recovering  an  additional 
5  per  cent,  of  copper  would  have  been  wiped  out  in  an  increased  tailing 
loss  without  very  materially  benefiting  the  grade  of  concentrate  produced. 
It  was,  therefore,  considered  that  the  cement  deck  was  the  equal  of  the 
canvas  deck  in  regard  to  its  ability  to  recover  copper  mineral  and  its 
superior  in  producing  a  cleaner  grade  of  concentrate,  in  using  less  water, 
and  in  possessing  a  longer  life. 
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Our  experience  with  canvas  deck  surfaces  has  shown  that  the  canvas 
has  a  comparatively  short  life,  becoming  rotten  after  about  nine  months, 
use.  During  September,  1910,  a  test  had  been  made  on  a  canvas-deck 
round  table  at  the  slime  plant,  the  canvas  being  supported  on  a  wooden 
deck  surface  with  a  slope  of  1.25  in.  per  foot;  in  this  case  the  canvas 
deck  made  a  cleaner  concentrate  than  the  steel-frame  canvas  deck  with  a 
slope  of  1.13  in.  per  foot,  but  the  recovery  of  copper  made  was  much  lower. 
The  comparative  results  of  both  tests  are  shown  below. 

Data  from  Tests  Made  on  Canvas-Deck  Round  Tables 

Steel-frame      Wood-frame 
Canvas  Deck   Canvas  Deck 

Slope  of  deck  surface  in  inches  per  foot 1 .  13                  1 .  25 

Time  to  make  one  revolution,  minutes 19  19 

Tons  dry  solids  treated  per  24  hr 8.3                    7.6 

Assay  per  cent,  copper  in  feed 3 .  46                 2 .  23 

Density  of  feed  in  grams  per  gallon 390                   409 

Tons  of  concentrate  produced  per  24  hr 4.3                    1.5 

Ratio  of  concentration,  tons  into  one 1.9                   5.2 

Assay  per  cent,  copper  in  concentrate 5 .  79                  7 .  33 

Assay  per  cent,  insoluble  in  concentrate 74 .7  66 .0 

Assay  per  cent.  FeO  in  concentrate 7.9  10.7 

Per  cent,  of  copper  fed,  recovered  in  concentrate 86 .  98  63 .  42 

Gallons  of  fresh  water  added  per  24  hr 12,589      -  21,531 

Gallons  of  fresh  water  added  per  ton  fed 1,517  2,833 

Gallons  of  fresh  water  added  per  ton  of  concentrate ...  2,928  14,354 

Tons  of  north-side  tailing  produced  per  24  hr 2.2                    2 .  97 

Assay  per  cent,  copper  of  above 0.98                  0.94 

Per  cent,  of  feed  solids  in  north-side  tailing 26 .  45  39 .  75 

Par  cent,  of  feed  copper  in  north-side  tailing 7 .  46  16 .  92 

Tons  of  south-side  tailing  produced  per  24  hr 1.8                    3.17 

Assay  per  cent,  copper  of  above 0.88                  1 .07 

Per  cent,  of  feed  solids  in  south-side  tailing 21 .  57  42 .  30 

Per  cent,  of  feed  copper  in  southnside  tailing 5 .  56  20 .  54 

Tons  of  total  tailing  produced  per  24  hr 4.0                    6.1 

Assay  per  cent,  copper  of  above 0.94                  1 .01 

Per  cent,  of  feed  solids  in  total  tailing 48.02  82.05 

Per  cent,  of  feed  copper  in  total  tailing 13.02  37.46 

Tailing  products  called  north  and  south  side  tailings  when  the  round 
tables  are  operated  as  roughing  tables,  as  far  as  the  side  of  the  table 
from  which  they  are  delivered  is  concerned,  correspond  to  feed  and  wash 
side  tailings  of  finishing-table  practice. 

The  foregoing  comparison  is  given  to  show  that  a  clean  grade  of  con- 
centrate can  be  produced  from  the  canvas  deck  with  an  increase  of  the 
deck  slope.     The  recovery  of  copper  made  by  the  wood-frame  canvas 
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deck,  in  producing  a  concentrate  similar  in  character  to  the  concentrate 
produced  by  the  steel-frame  cement  deck,  is  18.6  per  cent,  lower  than  the 
recovery  made  by  the  steel-frame  cement  deck.  This  great  difference  in 
recovery  of  copper  is  partly  accounted  for  by  the  fact  that  the  canvas  deck 
treated  a  lower  grade  of  feed  than  the  cement  deck.  The  canvas  deck, 
however,  in  treating  a  slightly  lower  tonnage  of  a  lower  grade  of  feed, 
made  a  tailing  which  assayed  higher  in  copper  than  the  tailing  produced 
by  the  cement  deck. 

Referring  again  to  the  test  results  obtained  on  the  steel-frame  cement 
deck  and  the  steel-frame  canvas  deck.  Eight  sprays  were  used  to  wash 
off  the  concentrate  from  the  canvas  deck  and  two  sprays  on  the  cement 
deck;  the  spray  nozzles  on  the  canvas  deck,  however,  had  smaller  di- 
ameters than  those  used  on  the  cement  deck. 

A  great  deal  more  solid  material  settled  out  on  the  canvas  deck  than  on 
the  cement  deck,  during  the  test  when  a  similar  tonnage  was  treated  on 
each  kind  of  deck,  the  concentrate  on  the  canvas  deck  amounting  to  51.98 
per  cent,  of  the  total  solids  fed,  while  the  cement-deck  concentrate 
amounted  to  only  35.15  per  cent,  of  the  total  soUds  fed. 

The  results  of  the  test  indicate  that  given  the  same  slope  of  deck  sur- 
face, a  higher  grade  of  concentrate  can  be  produced  on  a  cement  deck 
surface  without  any  greater  tailing  loss  than  is  incurred  on  a  canvas 
surface. 

In  May,  1911,  the  speed  of  the  tables  was  increased  from  1  rev.  in 
19  min.  to  l*rev.  in  16  min.,  the  object  of  the  change  chiefly  concerning 
an  improvement  in  the  work  of  the  canvas-deck  table,  it  being  expected 
that  this  change  would  enable  this  deck  to  produce  a  cleaner  grade  of  con- 
centrate with  less  tailing  loss.  The  tables  were  tested  under  the  new 
speed  conditions  but  the  results  did  not  show  that  any  advantage  was 
gained. 

The  work  of  the  steel-frame  cement-deck  table  will  be  again  referred 
to  in  connection  with  tests  made  on  conoidal  deck  surfaces. 

Some  of  the  principal  data  obtained  from  the  sizing  tests  made  on  the 
feed  and  products  of  the  steel-frame  wood  and  canvas  decks  in  the  above 
test  are  given  below: 


_     -  ^     ,  , ,  Steel-frame  Deck 

Feed  to  tables:                                                                                 ^         .  ^ 

Cement  Canvas 

Per  cent,  of  total  solids  on  200  mesh  (0.07  mm.) 4.34  6.54 

Assay  per  cent,  copper  of  above 0.81  0.85 

Per  cent,  of  total  copper  on  200  mesh 1. 13  1 .74 

Per  cent,  of  total  solids  through  200  mesh 95,66  93.46 

Assay  per  cent,  copper  of  solids  through  200  mesh 2 .  98  2 .89 

Per  cent,  of  total  copper  through  200  mesh 98.87  9B.26 

Assay  per  cent,  copper  of  total  feed 2  .S7  2 .  76 
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Steel-frame  Decks 

Cement  Canvas 
Concentrate  produced: 

Per  cent,  of  total  solids  on  200  mesh 2.06  3.97 

Assay  per  cent,  copper  of  above 1 .35  2. 10 

Per  cent,  of  total  copper  on  200  mesh 0. 41  1 . 52 

Per  cent,  of  total  solids  through  200  mesh 97.95  96.03 

Assay  per  cent,  copper  of  solids  through  200  mesh 6.95  4.90 

Per  cent,  of  total  copper  through  200  mesh 99.59  98.48 

Assay  per  cent,  copper  of  total  concentrate 6.95  4.80 

North-Bide  tailing: 

Per  cent,  of  total  solids  on  200  mesh 5.36  9. 13 

Assay  per  cent,  copper  of  above 0. 28  0. 33 

Per  cent,  of  total  copper  on  200  mesh 1.30  2.70 

Per  cent,  of  total  solids  through  200  mesh 94.64  90.87 

Assay  per  cent,  copper  of  solids  through  200  mesh 1 .  20  1 .  12 

Percent,  of  total  copper  through  200  mesh 98.70  97.30 

Assay  per  cent,  copper  of  total  north-side  taiUng 1 .  20  1 .  05 

South-side  tailing: 

Per  cent,  of  total  solids  on  200  mesh 8.43  12.26 

Assay  per  cent,  copper  of  above 0 . 36  0. 66 

Per  cent,  of  total  copper  on  200  mesh 3.48  7. 13 

Per  cent,  of  total  solids  through  200  mesh 91 .57  87.74 

Assay  per  cent.  copx)er  of  solids  through  200  mesh 1.02  1.00 

Per  cent,  of  total  copper  through  200  mesh 96.52  92.87 

Assay  per  cent,  copper  of  total  south-side  tailing 0.99  0.93 

From  the  above  figures  it  can  be  seen  that  the  original  feed  to  the 
round  tables  contained  from  4.3  to  6.5  per  cent,  of  material  coarser  than 
200  mesh. 

The  figures  given  below  show  the  grade  of  tailing  made  by  the  round 
tables  from  the  material  coarser  than  200  mesh. 


Name  of  Total  Per  Cent.      Pounds  on 

Tailing  Pounds  per        on;800         200  Mesh 

24  Hour  Mesh 

SieelrFrame  CemetUrDeck  Table 

North 4,941  5.36  265 

South 3,693  8.43  311 

Total 8,634  6.67  576 

SteelrFrame  CaruHU-Deck  Table 

North 3,209  9.13  293 

South 5,765  12.26  707 

Total 8,974  11.26  1,000 


Assay 
Per  Cent. 
Copper 

Pounds 

Copper 

on  200   Mesh 

0.28 
0.36 

0.74 
1.12 

0.32 

1.86 

0.33 
0.66 

0.97 

4.67 

0.56 


5.64 
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The  above  figures  show  that  with  only  4.34  per  cent,  of  on  200-mesh 
material  contained  in  the  feed  to  the  table,  the  cement  deck  makes  a  very 
satisfactory  tailing,  assaying  only  0.32  per  cent,  copper,  this  figure  being 
comparable  with  a  result  of  0.49  per  cent,  copper  obtained  in  a  previous 
test  when  the  feed  to  the  deck  contained  9.09  per  cent,  of  on  200-mesh 
material.  The  on  200-mesh  tailing  produced  by  the  canvas  deck  was 
somewhat  higher,  the  amount  of  on  200-mesh  material  in  the  feed  being 
also  somewhat  higher. 

From  the  results  of  the  above  and  previous  sifting  tests  the  writer 
concluded  that  the  amount  of  on  200-mesh  material  in  slime-plant  feed 
should  not  exceed  4  per  cent.,  and  that  the  work  of  the  tables  could  be 
improved  if  this  amount  were  still  further  reduced. 

Conoidal  Deck  Round  Tables 

In  May,  1912,  the  question  of  the  use  of  conoidal  deck  round  tables 
for  slimes  again  came  up  for  discussion,  the  subject  being  brought  up  by 
Prof.  Henry  S.  Munroe  of  Columbia  University. 

Professor  Munroe  stated  that  his  object  in  making  the  round-table 
deck  conoidal  instead  of  conical,  was  to  make  the  movement  of  the  pulp 
on  the  deck,  and  the  concentration  conditions,  uniform,  in  spite  of  the 
divergence  of  the  water  on  the  deck  as  it  flows  from  the  center  toward  the 
circumference;  he,  therefore,  adopted  the  plan  of  gradually  increasing  the 
slope  of  the  table  from  the  center  to  the  circumference.  Referring  to  the 
fact  that  as  the  stream  of  pulp  on  the  table  spreads  out,  the  film  becomes 
shallower  and  the  transporting  power  becomes  less,  Professor  Munroe 
stated  that  the  most  advantageous  way  to  overcome  this  was  to  change  the 
deck  surface  as  described  above.  He  stated  that  the  frame  and  steel  top 
of  the  round  table  experimented  with  at  Columbia  had  a  uniform  slope 
of  4°. 

The  surface  of  the  cement,  however,  was  rounded  so  that  the  inclina- 
tion varied  from  3®  at  the  center  to  5°  at  the  circumference.  The  table 
had  a  diameter  of  18  ft.  5  in.,  so  that  the  change  of  inclination  was  very 
gradual,  something  less  than  a  quarter  of  a  degree  to  the  foot,  and  at  the 
middle  point  of  the  profile  the  curved  surface  was  only  about  J  in.  above 
a  straight  line.  This  table  was  designed  for  the  treatment  of  medium- 
fine  slime,  through  about  0.15  mm.;  for  the  very  fine  slime  treated  at 
Great  Falls,  Professor  Munroe  recommended  a  slightly  steeper  slope. 

The  first  conoidal  deck  surfaces  tried  out  at  Great  Falls  were  installed 
by  laying  a  conoidal  cement  surface  on  three  of  the  wooden  round-table 
decks  which  were  still  operating  in  section  No.  5  of  the  concentrator. 
The  tables,  therefore,  received  the  regular  sand-slime  feed  of  this  section, 
which,as  was  mentioned  earlier  in  this  paper,  was  very  poorly  classified, 
containing  grains  ranging  in  size  from  0.5  mm.  to  the  very  finest  slime. 
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A  rough  finish  and  a  smooth  finish  deck  surface  were  tested  out  under 
high,  medium,  and  low  tonnage  conditions.  The  conoidal  deck  surface 
was  laid  on  so  that  the  chord  of  the  arc  made  an  angle  of  4^  30'  (1  in.  per 
foot)  with  the  horizontal. 

A  large  number  of  tests  were  made  and  the  tables  did  good  work  con- 
sidering the  clasa  of  feed  treated;  a  good  recovery  of  copper  was  made  in  a 
fair  grade  of  concentrate  but  no  waste  tailing  could  be  made  by  the  tables 
when  handling  this  class  of  feed.  As  the  flow  sheet  for  future  use  in  this 
section  of  the  concentrator  had  already  been  decided  upon,  and  as  this 
practice  could  hardly  be  improved  by  the  use  of  round  tables  unless  a  very 
close  sorting  of  the  feed  was  resorted  to,  it  was  determined  to  try  out  the 
conoidal  deck  surfaces  in  the  slime  plant,  where  the  field  was  still  open  for 
any  suggested  improvements  in  round-table  practice. 

Results  with  Sand-Slime  Feed  on  Conoidal  Deck 

Before  presenting  data  on  the  use  of  conoidal  round-table  deck  sur- 
faces in  the  slime  plant,  a  few  of  the  test  results  obtained  from  the  opera- 
tion of  the  tables  in  the  sand-slime  section  of  the  concentrator  will  be 
presented  to  illustrate  the  character  of  the  work  done  by  the  tables. 


Test  ResvUs  from  Conoidal  Deck  Round  Tables 

Rough  Finish  Deck  Surface 

Character  of  feed  treated  (size) Medium 

Rate  of  feed High 

Rate  of  feed  in  tons  per  24  hr 31 .  500 

Density  of  feed  in  grams  per  gallon 693 

Density  of  feed,  per  cent,  of  solids  in  pulp..  16.48 

Assay  per  cent,  copper  in  feed 4.25 

Tons  of  concentrate  produced  per  24  hr 3 .  823 

Density  of  concentrate  in  grams  per  gallon .  126 

Density  of  concentrate,  per  cent,  solids  in 

pulp '  3.25 

Assay,  per  cent,  copper  in  concentrate 18.90 

Assay,  per  cent,  insoluble  in  concentrate. . .  18.4 

Assay,  per  cent.  FeO  in  concentrate 31 . 2 

Per  cent,  of  copper  fed,  recovered  in  concen- 
trate   54.02 

Ratio  of  concentration,  tons  into  one 8 .  24 

Feed-side  tailing  solids,  per  cent,  of  total 

solids  fed 63.57 

Feed-side  tailing,  assay  per  cent,  copper. . .  2 .  09 

Feed-side  tailing,  copper  per  cent,  of  total 

copper  fed 31.29 

Wash-side  tailing  solids,  per  cent,  of  total 

solids  fed 24.29 

Wash-side  tailing,  assay  per  cent,  copper. . .  2 .  57 
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Wash-side  tailing,  copper,  per  cent,  of  total 

copper  fed 14.69              28.73  23.04 

Gallons  of  dressing  water  used  per  24  hr . . .  13,887             25,133  18,077 

Gallonsof  dressing  water  used  per  ton  of  feed  440               2,035  3,746 

Gallons  of  spray  water  used  per  24  hr 25,640             30,624  29,334 

Gallons  of  spray  water  used  per  ton  of  feed  814               2,480  6,078 
Pounds  of  feed  water  per  minute  per  foot  of 

total  circumference 4. 15                2.88  1 .70 

Pounds  of  dressing  water  per  minute  per  foot 

of  total  circumference 1.39                2.60  1.82 

Pounds  of  spray  water  per  minute  per  foot 

of  total  circumference 2.86                3.32  3.18 

Revolutions  of  table  per  minute 2                     2  2 

Number  of  sprays  operating 8                      8  8 

Au  explanation  of  the  "Character  of  feed  treated"  in  the  preceding 
tests  is  as  follows:  Medium  feed  is  a  mixture  of  all  spigot  discharges  of 
the  feed  tank;  fine  feed  is  the  product  of  the  liast  three  spigot  discharges 
of  the  feed  tank.  The  spray  water  used  for  washing  off  the  concentrate 
was  afterward  greatly  reduced  by  using  five  spray  nozzles  of  smaller 
diameter  instead  of  eight. 

The  high-tonnage  test  above  mentioned  was  run  to  produce  a  slightly 
poorer  grade  of  concentrate  than  we  had  been  getting  in  previous  tests  on 
high-tonnage  feeds  and  in  this  respect  the  test  was  successful,  the  change 
in  the  concentrates  being  practically  the  only  variable  with  the  exception 
of  a  slight  drop  in  the  rate  of  feed.  By  increasing  the  insoluble  content  of 
the  concentrate  3  per  cent,  the  recovery  of  copper  in  concentrate  was 
raised  10  per  cent. 

In  the  medium-tonnage  test  made  on  a  fine  feed  a  very  clean  grade 
of  concentrate  was  produced  and  a  fair  recovery  of  copper  made,  the  re- 
covery being  as  good  and  the  grade  of  concentrate  better  than  in  the  low- 
tonnage  test  on  the  same  class  of  feed. 

Smooth  Finish  Deck  Surface 

Character  of  feed  treated Medium         Medium  Fine 

Rate  of  feed High  Medium  Low 

Rate  of  feed  in  tons  per  24  hr 20. 197  14.039  6.261 

Density  of  feed  in  grams  per  gallon 452  271  292 

Density  of  feed,  per  cent,  of  solids  in  pulp. .  11 .  93  7 .  15  7.71 

Assay  per  cent,  copper  in  feed 4. 86  3 .23  2.63 

Tons  of  concentrate  produced  per  24  hr . . . .  3 .  493  1 .  661  0 .  788 

Density  of  concentrate  in  grams  per  gallon.  1.39  90.0  44.0 

Density  of  concentrate,  per  cent,  solids  in 

pulp 3.64  2.36  1.19 

Assay  per  cent,  copper  in  concentrate 17.0  16 .  08  .13.9 

Assay  per  cent,  insoluble  in  concentrate. ...  29 . 6  26 . 0  35 . 3 

Assay  per  cent.  FeO  in  concentrate 26 . 4  27 .  50  25 . 6 

Per  cent,  of  copper  fed,  recovered  in  concen- 
trate   60.52  58.81  66.56 

Ratio  of  concentration,  tons  into  one 5 .  78  8 .  45  7 .  95 
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Feed-flide  tailing  solids,  per  cent,  of  total 

solids  fed 42.81  56.11  8.29 

Feed-side  tailing,  assay  per  cent,  copper 2.2  1 .  43  1 .  93 

Feed-side  tailing  copper,  per  cent,  of  total 

copper  fed 19.36  24.78  6.08 

Wash-flide  tailing  solids,  per  cent,  of  total  * 

solids  fed 39,90  32.06  79. 12 

Wash-«ide  tailing,  assay  per  cent,  copper. ...  2. 45  1.65  0.91 
Wash-side  tailing  copper,  per  cent,  of  total 

copper  fed 20. 12  16.41  27.36 

Gallons  of  dressing  water  used  per  24  hr . . .  13,150  19,992  21,151 

Gallons  of  dressing  water  used  per  ton  of  feed  651  1,424  3,378 

Gallons  of  spray  water  used  per  24  hr 22,106  16,447  15,598 

Gallons  of  spray  water  used  per  ton  of  feed.  1,094  1,171  2,491 
Pounds  of  feed  water  per  minute  per  foot  of 

total  circumference 3 . 88  4. 74  1 . 96 

Pounds  of  dressing  water  per  minute  per  foot 

of  total  circumference 1.34  2.15  2.11 

Pounds  of  spray  water  per  minute  per  foot  of 

total  circumference 2.40  1.79  1.69 

Revolutions  of  table  per  minute 2  2  2 

Number  of  sprays  operating 8  8  8 

The  high-tonnage  test  results  showed  a  fair  recovery  of  copper  in  a 
fair  grade  of  concentrate,  the  recovery  of  copper  being  higher  than  in  the 
medium-tonnage  test  immediately  following  although  the  grade  of  con- 
centrate is  not  so  good.  The  lower  copper  recovery  of  the  medium- 
tonnage  test  is  due  to  the  fact  that  a  lower  grade  of  feed  was  treated,  and 
the  cleaner  concentrate  to  the  greater  quantity  of  dressing  water  used. 
In  the  low-tonnage  test  a  higher  recovery  of  copper  was  made,  but  the 
grade  of  concentrate  produced  was  much  poorer,  the  grade  of  the  feed 
treated  being  much  lower. 

In  closing  a  report  on  the  above  tests  the  writer  suggested  that  the 
conoidal  deck  round  table  be  given  a  trial  in  the  slime  plant  as  it  pre- 
sented possibilities  of  development  into  a  useful  table  for  the  treatment  of 
very  fine  slime. 

In  the  slime-plant  practice  prevailing  at  this  time,  the  conical  deck 
round  tables  were  being  used  as  roughing  tables,  the  tables  being  fed 
over  their  entire  surface,  with  the  exception  of  the  part  reserved  for  wash- 
ing off  concentrate,  and  discharging  tailing  material  from  the  total  per- 
imeter with  the  above  exception.  The  round-table  decks  used^had  a  slope 
of  1.25  in.  per  foot.  This  slope,  with  a  favorable  density  of  feed,  had 
been  proved  to  give  a  maximum  recovery  of  free-mineral  grains,  the 
coarser  grains  being  recovered  on  the  upper  part  of  the  deck  and  the  very 
minute  grains  toward  the  perimeter  of  the  deck.  In  recovering  the  very 
minute  mineral  grains,  however,  the  tables  also  recovered  a  large  amount 
of  gangue  material,  this  having  been  determined  by  qualitative  experi- 
ments carried  out  at  the  suggestion  of  C.  W.  Goodale,  in  which  samples 
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of  the  concentrate  on  the  deck  surface  were  taken  for  each  foot  from  the 
center  of  the  table  to  the  perimeter.  These  experiments,  which  will  be 
described  later,  developed  the  fact  that  the  concentrate  deposited  on  the 
lower  half  of  the  deck  was  of  a  very  low  grade,  and  within  12  in.  of  the 
perimeter  of  the  deck  was  practically  a  tailing  material.  In  the  opinion 
of  the  writer,  the  conoidal  deck  with  its  very  gradual  increase  in  slope 
presented  possibilities  for  overcoming  the  above  defect.  The  first 
Munroe  conoidal  deck  round  table  with  cement  surface  (Fig.  2)  was  in- 
stalled in  the  slime  plant  and  ready  for  operation  on  Dec.  3,  1912.     The 


Deck  surface,  cement  mortar  (2  parts  sand  to  1  part  cement).  Slope  of  chord  of 
arc  =  1.25  in.  per  foot.  Diameter  of  deck,  17  ft.  Table  operating  to  produce  a  fin- 
ished concentrate,  a  middling  for  re-treatment,  and  a  low-grade  taifing  product.  One 
revolution  in  16  min. 

Fig.  2. — Conoidal  Deck  Round  Table,  Great  Falls.    Conoidal  Deck  No.  1. 

table  was  installed  with  a  total  slope  of  6°  (1.25  in.  per  foot),  as,  from  our 
preliminary  experiments  made  in  section  No.  5,  this  slope  seemed  to  be 
the  most  satisfactory.  Hence,  the  chord  of  the  arc  of  the  conoidal  deck 
made  the  same  angle  with  the  horizontal  as  the  surface  of  the  conical 
deck. 

The  cement  mortar  used  for  the  deck  surface  consisted  of  two  parts 
of  sand  to  one  of  cement,  the  surface  being  given  a  rough  finish  similar 
to  the  surface  of  the  steel-frame  conical  decks.  The  conoidal  deck  was 
laid  on  one  of  the  wooden  decks  in  the  slime  plant,  the  following  figures 
representing  the  cost  of  the  work  and  the  weight  of  materials  used: 
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Cost  Weight  of  Material  Used     Pounds. 

Sand,  2,890  lb.  @  17c.  per  ton  $0.25  Cement,   14  sacks  @  93  lb.  per 

Cement,  14  sacks  @  70c.  per  sack  9. 80         sack 1,302 . 

Laborers,  4  days  @  $3.25  per  day  13.00  Sand  at  3,000  lb.  per  cubic  yard. .  2,890 

Drayage 2.00                                                                

Total 4,192 

Total $25.06 

The  total  slope  of  6°  which  was  given  to  the  conoidal  deck  surface  gave 
the  following  slope  values  for  each  foot  pf  deck  surface  from  the  center 
of  the  table  to  the  perimeter. 

Degrees  and 

Minutes  to  Inches  per  Foot 

Nearest  Minute  to  Nearest  J  in. 

First  foot 4**  30'  to  4°  53'  ii|  to  1 

Second  foot 4*»  53'  to  5°  15'  1  to  li| 

Third  foot 5M 5'  to  5**  38'  lA  to  ]  I 

Fourth  foot 5**  38'  to  6**    0'  U  to  li 

Fifth  foot 6**    0'  to  6°  23'  U  to  1 A 

Sixth  foot 6**  23'  to  6°  45'  1 A  to  1| 

Seventh  foot 6°  45'  to  7**    8'  li  to  U 

Eighth  foot 7°    8'  to  7°  30'  U  to  1| 

The  deck  had  a  diameter  of  17  ft.  and  an  available  radial  width  of 
working  surface  of  7  ft.  3  in.  The  table  was  timed  to  make  1  rev.  in  20.5 
min.,  or  70.24  rev.  per  24  hr. 

This  table  was  tested  against  a  steel -frame  cement-deck  table  of  the 
following  specifications: 

The  table  tested  was  the  upper  deck  of  the  steel-frame  four-deck 
conical  table.  This  deck  had  a  slope  of  1.25  in.  per  foot  and  the  cement 
surface  of  the  deck  had  a  similar  finish  to  that  of  the  conoidal  deck.  The 
deck  had  a  diameter  of  18  ft.  and  an  available  radial  width  of  work- 
ing surface  of  7  ft.  9  in.  The  table  made  1  rev.  in  16  min.,  or  90  rev. 
per  24  hr. 

During  the  months  of  December,  1912,  and  January,  1913,  a  large 
number  of  comparative  tests  were  carried  out  on  the  conoidal  and  the 
conical  decks,  the  details  of  which,  although  very  interesting,  the  writer 
is  obliged  to  omit  in  order  to  keep  the  length  of  this  paper  within  reason- 
able limits.  During  this  period  the  tables  were  operated  both  as  roughing 
tables  producing  a  waste  tailing  product  and  a  rough  concentrate  for 
re-treatment  on  Deister  tables,  and  as  finishing  tables  producing  a  waste 
tailing,  a  middling  for  re-treatment  on  Deister  tables,  and  a  finished  con- 
centrate, both  systems  of  operation  being  carried  out  under  various  feed- 
density  conditions  and  various  tonnage  conditions. 

The  operation  of  the  tables  to  produce  a  finished  concentrate,  a  mid- 
dhng  for  re-treatment,  and  a  waste  tailing  resulted  from  a  consideration  of 
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the  assay  results  obtained  on  samples  of  rough  concentrate  taken  at 
regular  intervals  between  the  center  of  the  deck  and  its  perimeter.  From 
these  results  it  was  evident  that  a  considerable  percentage  of  the  rough 
concentrate  could  be  recovered  in  a  concentrate  which  would  be  equal  in 
grade  to  the  finished  concentrate  turned  out  by  the  plant  after  re- treating 
the  total  round-table  concentrate  on  Deister  tables. 

The  adoption  of  this  latter  system  would  mean  a  reduction  of  the  load 
on  the  Deister  tables  and  a  lowering  of  the  re-treatment  loss. 

The  middling  for  re-treatment  was  washed  off  the  lower  3  ft.  6  in.  to 
4  ft.  6  in.  of  the  deck,  by  a  jet  of  water,  into  a  separate  launder  which 
immediately  preceded  the  finished- concentrate  launder.  The  nozzle  used 
for  directing  the  jet  of  water  was  attached  to  a  flexible  connection  so  that 
the  amount  of  material  produced  for  re-treatment  could  be  varied  as 
desired. 

Another  method  used  for  producing  a  clean  concentrate  and  a  middling 
for  re-treatment  was  as  follows: 

The  corner  of  the  feed  box  nearest  to  and  preceding  the  concentrate 
wash-oflf  jets  was  partitioned  off  and  used  as  a  small  wash-water  box, 
fresh  water  being  added  at  this  point  and  allowed  to  flow  over  the  con- 
centrate just  before  it  reached  the  wash-oflf  sprays;  the  material  washed 
oflf  the  deck  in  this  manner  was  sent  to  the  Deister  tables  for  re-treatment. 
Either  method  gives  very  satisfactory  results. 

Conclusions  from  Preliminary  Tests  on  Conoidal  and  Conical  Decks 

It  was  evident  from  the  results  obtained  both  in  the  roughing  tests 
and  in  the  finishing  tests  that  a  conoidal  deck  with  an  overall  slope  of  1.25 
in.  per  foot  and  a  conical  deck  with  an  overall  slope  of  1.25  in.  per  foot  will 
not  yield  similar  end  results  under  similar  feed  conditions,  the  conoidal 
deck  requiring  a  denser  feed  pulp. 

The  tabular  comparison  (p.  1961)  illustrates  very  clearly  that  if 
we  feed  a  dense  pulp  to  the  conoidal  deck  and  a  more  dilute  pulp  to 
the  conical  deck,  practically  similar  end  results  may  be  expected;  this 
refers  to  the  tables  as  installed  at  this  time.  To  produce  similar  end 
results  it  was  found  that  the  feed  to  the  conoidal  deck  must  be  thick- 
ened to  a  density  about  75  per  cent,  greater  than  that  of  the  feed  to  the 
conical  deck. 

Since  it  might  not  be  found  advisable  to  thicken  the  table  feed  to  a 
density  of  500  g.  of  solids  per  gallon  of  pulp  (12.2  per  cent,  solids)  the 
next  best  thing  to  do  would  be  to  flatten  the  conoidal  deck;  that  is,  to 
reduce  the  overall  slope  from  1.25  in.  per  foot  to  1.125  or  1  in.  per  foot, 
the  latter  slope,  in  the  opinion  of  the  writer,  being  the  extreme  limit  in  this 
direction  for  the  class  of  feed  which  was  being  treated  in  the  slime  plant 
at  this  time. 
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Comparative  Results  of  Roughing  Tests  on  Conoidal  and  Conical  Decks 

Name  of  Deck 

Conoidal  Conical 

A  H  B  C  D 

Tons  dry  soUds  treated  per  24  hr 7.979  6.586  6.146  6.913  8.649 

Density  of  feed  in  grams  per  gallon....       469  501  287  295  280 

Assay  per  cent,  copper  in  feed 2.69  2.50  2.34  2.44  2.20 

Tons  concentrate  produced  per  24  hr..     2.243  2.180  1.711  1.890  2.438 

Assay  per  cent,  copper  in  concentrate. .     7.11  5.53  6.05  6.88  5.84 

Assay  per  cent,  insoluble  in  concentrate.  67.0  73.1  71.7  64.5  71.2 

Assay  per  cent.  FeO  in  concentrate....  11.8  9.2  9.6  12.8  10.4 
Per  cent,  of  copper  fed,  recovered  in 

concentrate 74.36  73.03  71.87  76.92  74.80 

Ratio  of  concentration,  tons  into  one . .     3 .  557  3 .  021  3 .  592  3 .  658  3 .  547 

Ratio  of  enrichment  (copper) 2.64  1.37  2.59  2.8  2.65. 

Tons   north-side  tailing  produced  per 

24  hr 2.071  2.086  2.496  2.062  3.183 

Assay  per  cent,  copper 1.01  0.98  0.96  0.75  0.77 

Tons  south-side  tailing  produced  per 

24hr 3.664  2.320  1.938  2.960  3.029 

Assay  per  cent,  copper 0.93  1.03  0.85  0.79  0.78 

Tons  total  tailing  produced  per  24  hr. .     5 .  735  4 .  406  4 .  434  5 .  022  6 .  212 

Assay  per  cent,  copper 0.95  1.01  0.91  0.78  0.77 

Per  cent,  of  copper  fed,  lost  in  north- 
side  taiUng 9.79  12.42  16.67  9.17  12.86 

Per  cent,  of  copper  fed,  lost  in  south- 
side  taiHng 15.85  14.55  11.46  13.91  12.34 

Per  cent,  of  copper  fed,  lost  in  total 

tailing 25.64  26.97  28.13  23.08  25.20 

Gallonsof  fresh  water  used  per  24  hr..      8,590  10,025  13,821  13,122  11,891 

Gallons  of  fresh  water  used  per  ton  fed     1,076  1,522  2,249  1,898  1,375 

Note. — North-side  tailing  »  tailing  usually  produced  from  feed  side.  South-side 
tailing  —  tailing  usually  produced  from  wash  side. 

Under  the  "deck  slope"  conditions  of  the  tests,  with  feed  conditions 
similar,  the  tables  operating  to  produce  a  rough  concentrate  and  a  waste  tail- 
ing, the  following  end  results  are  obtained: 

(a)  The  conoidal  deck  will  deliver  from  17  to  25  per  cent,  less  of  the 
feed  solids  in  the  concentrate  than  the  conical  deck. 

(6)  The  concentrate  produced  by  the  conoidal  deck  will  assay  from 
1.5  to  3.0  per  cent,  higher  in  copper,  6  to  12  per  cent,  less  in  insoluble 
and  3  to  5  per  cent,  higher  in  iron  than  the  concentrate  produced  by  the 
conical  deck. 

(c)  The  concentrate  produced  by  the  conoidal  deck  will  contain  from 
6.5  to  8.0  per  cent,  less  of  Ihe  copper  fed  to  the  table  than  the  concentrate 
produced  by  the  conical  deck. 
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The  same  relative  conditions  maintain  for  any  other  method  of  operat- 
ing the  tables,  hence,  if  we  wish  to  operate  conoidal  and  conical  decks  in 
parallel  under  similar  feed  conditions  to  produce  similar  end  results: 
For  any  given  density  of  feed  the  conoidal  decks  must  be  installed  with  a 
less  overall  slope  than  the  conical  decks. 

It  was  considered  possible  that  by  flattening  the  chprd  of  the  conoidal 
deck  by  jV  In.  per  foot  at  a  time,  using  an  experimental  deck  section, 
a  slope  might  be  found  which,  while  giving  a  recovery  equal  to  that  made 
by  the  conical  deck,  would  produce  a  better  grade  of  concentrate  than  is 
produced  by  the  conical  deck.  The  writer  considered  that  the  building 
of  a  conoidal  deck  for  regular  operation  with  an  overall  slope  of  1.125 
in.  per  foot  was  justifiable  and  this  was  done  later. 

A  conoidal  deck  with  an  overall  slope  of  1.0  in.  per  foot  was  first 
constructed,  this  table  doing  very  satisfactory  work  if  the  table  feed 
did  not  get  above  medium  density  and  did  not  contain  more  than  2  or  3 
per  cent,  of  fine  sand.  A  preliminary  test  was  made  on  this  table  on 
Feb.  28,  1913,  when  the  feed  to  the  table  had  a  density  of  468  g.  of 
solids  per  gallon  of  pulp;  the  density  of  feed  was  too.  high,  the  table 
making  an  extraction  of  85.6  per  cent,  of  the  copper  fed,  in  a  concentrate 
assaying  4.12  per  cent,  copper.  Other  tests  were  made  later  on  this 
table  using  less  dense  feed  with  better  results,  as  presented  in  the  follow- 
ing pages. 

In  a  general  way  it  would  seem  that  it  makes  very  little  difference 
which  type  of  deck  is  used  as  long  as  we  use  a  slope  on  each  type  of  deck 
which  is  most  suitable  for  the  average  density  of  feed  handled  at  the  slime 
plant.  This  conclusion  is  subject,  however,  to  results  to  be  obtained  by 
using  a  flatter  conoidal  deck,  as  stated  on  a  preceding  page,  as  it  was  con- 
sidered possible  that  the  recovery  made  by  the  conical  deck  might  be 
reached  in  a  better  grade  of  concentrate. 

In  tests  A  and  H,  when  a  high  density  of  feed  was  used,  averaging 
480  g.  of  solids  per  gallon  of  pulp,  the  writer  considered  that  the  work 
of  the  conoidal  deck  was  superior  to  that  of  the  conical  deck  in  spite  of 
the  fact  that  the  former  made  a  recovery  of  copper  lower  by  6.82  per 
cent,  than  the  other,  73.78  against  80.70  per  cent,  (averages  of  tests 
A  and  H). 

This  was  on  account  of  the  fact  that  the  conoidal  deck  sent  to  tailings 
20.4  per  cent,  more  of  the  feed  solids  than  the  conical  deck,  the  tailings 
having  similar  assay  values.  This  means  that  the  conoidal  deck  pro- 
duced much  less  material  for  re-treatment,  the  additional  loss  from  this 
deck  being  entirely  due  to  additional  tailing  production  and  this  tailing 
product  being  of  a  lower  grade  than  the  tailing  made  in  the  re-treatment 
system.  An  examination  of  the  following  figures  will  make  this  point 
clear. 
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1963 


Test 

Pounds  Totel          Per  Cent. 
Tailing  Produced        of  Solids 
per  24  Hr.              in  Feed 

Assay 

Per  Cent. 

Copper 

Pounds 

Copper 

per  24  Hr. 

Per  Cent. 

of  Copper 

in  Feed 

- 

Carundal  Deck 

A 
H 

11,472 
8,812 

71.89 
66.90 

0.96 
1.01 

0.98 

110 
89 

199 

25.64 
26.97 

Total  and  Average 

....  20,284 

69.63 

26.22 

Conical  Deck 

A 
H 

7,067 
7,133 

48.10 
50.41 

1.05 
0.98 

74 
70 

19.07 
19.55 

Total  and  Average  ....  14,200 


49.23 


1.01 


144 


19.30 


The  results  obtained  from  both  the  conoidal  and  the  conical  deck 
indicated  that  considerable  improvement  could  be  made  in  the  round- 
table  practice  if  the  slimes  were  roughly  classified  preceding  table 
treatment. 

The  main  difference  in  the  work  of  the  two  tables  under  discussion, 
both  having  an  overall  slope  of  1.25  in.  per  foot,  may  be  explained  as 
follows: 

The  conical  deck,  as  installed,  is  capable  of  retaining  upon  its  surface 
a  considerable  percentage  of  the  very  finest  mineral  grains  contained  in 
the  slime,  but  in  doing  so  also  retains  a  large  percentage  of  the  fine  sand, 
the  result  being  that  a  concentrate  high  in  insoluble  material  is  produced 
and  a  high  recovery  of  copper  made. 

The  conoidal  deck,  as  installed,  cannot  retain  upon  its  surface  a  high 
percentage  of  the  very  finest  mineral  grains,  but  in  losing  these  fine  min- 
eral grains  the  deck  also  gets  rid  of  a  high  percentage  of  the  fine  sand, 
the  result  being  that  a  clean  grade  of  concentrate  is  produced,  but  the 
recovery  of  copper  made  is  lower  than  that  made  by  the  conical  deck. 

From  the  behavior  of  the  two  types  of  table  deck  under  varying  feed 
densities  it  would  at  first  seem  that  the  work  of  the  two  types  of  tables 
under  constant  feed  conditions  could  be  made  similar  either  by  increasing 
the  slope  of  the  conical  deck  or  by  flattening  the  conoidal  deck.  The 
test  data  on  the  second  conoidal  deck  installed  in  the  slime  plant  will 
threw  some  further  light  on  this  subject. 

Professor  Munroe's  idea  in  adopting  the  conoidal  deck  surface,  as 
previously  stated,  was  to  make  the  movement  of  the  pulp  and  the  con- 
centration conditions  uniform  in  spite  of  the  divergence  of  the  water  as 
it  flows  from  the  centw  toward  the  circumference,  which  was  accomplished 
by  gradually  increasing  the  slope  of  the  table  and,  therefore,  the  speed  of 
the  film  of  water.  This  condition  allows  the  use  of  a  flatter  slope  than 
would  be  practical  on  a  conical  deck. 

A  heavy  deposition  occurs  at  the  center  of  the  table,  but  with  a  slope 
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at  this  point  of  4°  30'  (H  in.  per  foot),  which  is  the  slope  of  the  table  tested, 
this  deposition  has  been  very  clean  mineral.  The  writer  considers  that 
it  would  be  safe  to  make  the  slope  at  the  center  of  the  table  4°  or  possibly 
a  shade  less  if  the  density  of  the  feed  is  kept  at  about  350  g.  of  solids  per 
gallon  of  pulp  (9.26  per  cent,  solids).  With  a  3°  slope  at  the  center  of 
the  table,  as  suggested  by  Professor  Munroe,  a  good  deal  of  fine  sand  is 
deposited  with  the  mineral  if  the  slime  contains  2  or  3  per  cent,  of 
on  200-mesh  material,  and  it  is  difficult  to  clean  this  concentrate  with 
dressing  water. 

The  second  conoidal  deck  installed  at  the  slime  plant,  known  as  co- 
noidal  deck  No.  2,  was  given  an  overall  slope  of  4®  45',  or  1  in.  per  foot, 
this  giving  a  deck  surface  inclination  varying  from  3**  30'  at  the  center  to 
6**  16'  at  the  circumference,  or  very  nearly  the  slope  which  is  recom- 
mended by  Professor  Munroe. 

The  above  deck  was  tested  during  the  period  April  26  to  29,  inclusive, 
1913,  in  parallel  with  conoidal  deck  No.  1,  the  steel-frame  conical  deck, 
and  the  step-deck  previously  described  in  this  paper. 

During  the  test  an  endeavor  was  made  to  keep  the  tonnage  fed  to 
each  table,  and  the  density  of  the  feed  uniform. 

The  comparative  results  obtained  from  the  tests  made  on  the  four 
tables  are  shown  below: 

Comparison  of  Data  Obtained  on  Four  Round  Tables 

Conoidal  Deck  Step  Conical 

No.  1  No.  2  Deck  Deck 

Feed: 

GaUons  of  feed  pulp  per  24  hr 18,272  18,362  17,705  17,106 

Tons  dry  solids  in  feed  per  24  hr 9.909  9.736  9.700      9.296 

Density  of  feed  in  grams  per  gallon 492          481  497          493 

Density  of  feed,  per  cent,  solids 12.0  11.5  12.1  12.0 

Assay  per  cent,  copper  in  feed 2.91  2.94  2.74        2.71 

Pounds  of  copper  fed  per  24  hr 676          572  632          503 

Concentrate  No.  1: 

Gallons  per  24  hr 9,177  11,662  7,957  14,694 

Tons  dry  solids  per  24  hr 1.379  2.940  1.604      1.403 

Density  in  grams  per  gallon 136          231  183            87 

Density  in  per  cent,  solids.... 2.9  5.3  4.3          2.2 

Per  cent,  of  solids  in  feed 13.91  30.19  16.53  15.09 

Assay  per  cent,  copper 13.46  7.26  8.42  10.87 

Assay  per  cent,  insoluble 37.8  64.9  69.3  48.7 

Assay  per  cent.  FeO 23.6  12.4  14.9  18.8 

Pounds  of  copper  per  24  hr 371          427  270          305 

Per  cent,  of  copper  in  feed 64.41  74.65  50.76  60.64 

Concentrate  No.  2  (middling): 

Gallons  per  24  hr 2,048       4,643  10,274       6,205 

Tons  dry  solids  per  24  hr 0.150  0.680  0.637      0.952 

Density  in  grams  per  gallon 66          136  66          139 
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Conoidal  Deck  Step  Conical 

No.  1  No.  2  Deck  Deck 
Concentrate  No.  2  (middling) — Continued: 

Density  in  per  cent,  solids  (approximate) 1.7  3.5  1.6  3.6 

Per  cent,  of  solids  in  feed 1.51  6.99  6.55  10.23 

Assay  per  cent,  copper 4.35  1.91  7.16  2.99 

Assay  per  cent,  insoluble 76.6  88.1  65.3  84.0 

Assay  per  cent.  FeO 7.0  2.8  11.8  4.3 

Pounds  of  copper  per  24  hr 13  26  91  67 

Per  cent,  of  copper  in  feed 2.26  4.55  17.11  11.33 

Total  concentrate: 

Gallons  per  24  hr 11,225  16,105  18,231  20,899 

Tonsdry  solids  per  24  hr.... 1.528  3.620  2.239  2.354 

Density  in  grams  per  gallon 123  204  111  102 

Density  in  per  cent,  solids  (approximate) 3. 20  5.1  2.9  2.7 

Per  cent,  of  solids  in  feed 15.42  37.18  23.08  25.32 

Aasay  per  cent  copper 12.56  6.26  8.06  7.69 

Assay  per  cent,  insoluble 41.6  69.3  61.0  63.0 

Aasay  per  cent.  FeO 22.0  10.6  14.0  12.9 

Pounds  of  copper  per  24  hr 384  453  361  362 

Per  cent,  of  copper  in  feed 66.67  79.20  67.86  71 .97 

North-side  tailing: 

GaUons  per  24  hr 10,208  8,995  9,212  11,502 

Tons  dry  solids  per  24  hr ,. . .     4.056  2.726  2.536  3.616 

Density  in  grams  per  gallon 360  275  250  285 

Density  in  per  cent,  solids  (approximate) — ,     9.0  7.0  6. 35  7.3 

Per  cent,  of  solids  in  feed 40.92  28.0  26.14  38.90 

Assay  per  cent,  copper 1.08  1.08  1.16  1.05 

Pounds  of  copper  per  24  hr 88  59  59  76 

Per  cent,  of  copper  in  feed 15.28  10.31  11.09  15.11 

South-flide  tailing: 

GaUons  per  24  hr 10,801  9,009  13,838  9,606 

Tons  dry  solids  per  24  hr 4.326  3.390  4.925  3.326 

Density  in  grams  per  gallon 363  341  323  314 

Density  in  per  cent,  solids  (approximate) 9.0  8.5  8.1  7.8 

Per  cent,  of  solids  in  feed 43.66  34.82  50.78  35.78 

Assay  per  cent,  copper 1.20  0.88  1.14  0.98 

Pounds  of  copper  per  24  hr 104  60  112  65 

Percent,  of  copper  in  *feed 18.05  10.49  21.05  12.92 

Total  tailing: 

Gallons  per  24  hr 21,009  18,004  23,050  21,108 

Tons  dry  soUds  per  24  hr 8.382  6.116  7.461  6.942 

Density  in  grams  per  gallon 362  308  294  298 

Density  in  per  cent,  solids  (approximate) 9.0  7.8  7.5  7.5 

Per  cent,  of  solids  in  feed 84.68  62.82  76.92  74.68 

Assay  per  cent,  copper 1.14  0.97  1.15  1.01 

Pounds  of  copper  per  24  hr 192  119  171  141 

Per  cent,  of  copper  in  feed 33.33  20.80  32. 14  28.03 
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Discussion  of  Results  of  Four-Day  Test  on  Conical  and  Conoidal  Decks 

The  four-day  test  results  place  the  decks  in  the  following  order  in 
regard  to  efficiency. 


In  Regard  to  Grade  of  Concentrate 

Conoidal  deck  No.  1,  12.6  per  cent.  Cu;  41.6 

per  cent.  insoL;  22.0  per  cent.  FeO. 
Step  deck,  8.1  per  cent.  Cu;  61.0  per   cent. 

insoL;  12.9  per  cent.  FeO. 
Conical  deck,  7.7  per  cent.  Cu;  63.0  per  cent. 

insoL;  12.9  per  cent.  FeO. 
Conoidal  deck  No.  2,  6.3  per  cent.  Cu;  69.3 

per  cent.  insoL;  10.6  per  cent.  FeO. 
1 

In  Regard  to  Grade  of  Concentrate 

Conoidal  deck  No.  1,  13.5  per  cent.  Cu;  37.8 
per  cent.  insoL;  23.6  per  cent.  FeO. 

Conical  deck,  10.9  per  cent.  Cu;  47.8  per  cent, 
insol.;  18.8  per  cent.  FeO. 

Step  deck,  8.4  per  cent.  Cu;  59.3  per  cent. 
« insol.;  14.9  per  cent.  FeO. 

Conoidal  deck  No.  2,  7.3  per  cent.  Cu;  64.9 
per  cent.,  insol.;  12.4  per  cent.  FeO. 


Before  discussing  the  above  results  some  figures  will  be  given  showing  the 
fresh  water  added  on  the  tables  during  the  test  period. 


In  Regard  to  Copper 
Recovery 

Conoidal  deck  No.  2 

Based  on  Total 

Concentrate 

Per  Cent. 

Recovery 

79.20 

Conical  deck 

71.97 

Step  deck 

67.86 

Conoidal  deck  No.  1 

66.67 

In  Regard  to  Copper 
Recovery 

Conoidal  deck  No.  2 

Based  on  No. 

Concentrate 

Per  Cent. 

Recovery 

74.65 

Conoidal  deck  No.  1 

64.41 

Conical  deck 

60.64 

Step  deck 

50.75 

Conoidal  Deck 
No.  1       No.  2 

Step 
Deck 

Conical 
Deck 

13,960 
1,410 
9,180 
2,050 

15,750 
1,620 

11,560 
4,540 

23,580 
2,430 
7,960 

10,270 

24,900 
2,680 

14,690 
6,210 

66.0 
34.0 

73.0 
27.0 

34.0 
66.0 

59.0 
41.0 

Gallons  of  frerh  water  used  per  24  hr 

Gallons  of  fresh  water  used  per  ton  fed 

Gallons  of  No.  1  concentrate  produced 

Gallons  of  No.  2  concentrate  produced 

Per  cent,  of  added  water  to  wash  off  No.  1  con- 
centrate  

Per  cent,  of  added  water  used  as  dressing  water . 


Most  of  the  water  used  as  dressing  water  finds  its  way  into  No.  2 
concentrate  (middling),  some  of  it,  however,  going  to  south-side  tailing 
and  some  to  concentrate  No.  1. 

The  order  of  the  decks  as  regards  efficiency  in  copper  recovery  made  in 
concentrate  and  as  regards  grade  of  concentrate  is  about  what  should  be 
expected.  Had  less  dressing  water  been  used  per  ton  fed  to  the  conical 
deck  the  copper  recovery  made  by  this  deck  would  undoubtedly  have  been 
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raised  to  the  level  of  the  recovery  made  by  conoidal  deck  No.  2,  but  the 
grade  of  the  concentrate  would  have  been  correspondingly  lowered.  The 
gallons  of  dressing  water  used  per  ton  fed  and  some  further  comparative 
data  are  shown  by  the  following  figures. 

Conoidal  Deck  Step  Conical 

No.  1  No.  2  Deck        Deck 

Gallons  of  dressing  waterused 4,780  4,190  16,620  10,210 

Tons  fed 9.909  9.735  9.699  9.296 

Gallons  of  dressing  water  used  per  ton. .  .*. 483  430  1,610          968 

Ratio  of  concentration,  tons  into  one 6 .  486  2 .  689  4 .  334  3 .  949 

Ratio  of  enrichment  (copper) 4.316  2. 129  2.942  2.838 

Copper  in  concentrate  No.  1,  per  cent,  of  total 

concentrate,  Cu 96.6  94.2  74.8  84.2 

It  should  be  noted  that  the  total  concentrate  produced  by  conoidal 
deck  No.  1  (chord  of  arc  on  1.26-in.  slope)  is  of  a  much  better  grade  than 
the  No.  1  concentrate  produced  by  any  of  the  other  decks,  while  the  re- 
covery of  66.7  per  cent,  of  the  copper  made  by  this  deck  in  total  concen- 
trate is  greater  than  the  recovery  made  by  the  other  decks  in  No.  1  con- 
centrate, with  the  exception  of  conoidal  deck  No.  2,  which  on  account  of 
its  flat  slope  at  the  head  of  the  deck,  makes  a  7  per  cent,  higher  recovery  in 
No.  1  concentrate  than  is  made  by  conoidal  deck  No.  1  in  total  concen- 
trate, the  concentrate  being,  of  course,  of  very  much  lower  grade. 

The  total  recovery  made  by  conoidal  deck  No.  1  and  the  grade  of  con- 
centrjtte  produced  will  now  be  compared  with  the  recovery  in  concen- 
trate No.  1  made  by  conoidal  deck  No.  2  and  the  conical  deck.  As  the 
step  deck  made  a  concentrate  No.  2  of  high  enough  grade  to  be  considered 
in  the  finished-concentrate  class,  its  recovery  in  total  concentrate  and 
grade  of  concentrate  will  also  be  placed  in  comparison. 

Conoidal  p       . ,  , 

Deck  No.  1  Step             ^     ^           Conical 

Total  Deck            j^    *          Concentrates 
Concentrates 
Per  cent,  of  copper  fed,  recovered .       66 .  67  67 .  86            74 .  66            60 .  64 
Assay  per  cent,  copper  in  concen- 
trates        12.66  6.26              7.26             10.87 

Assay  per  cent,  insoluble  in  con- 
centrates        41.6  69.3              64.9              48.7 

Assay  per  cent.  FeO in  concentrates      22.0  10.6               12.4               18.8 

The  No.  2  concentrate  or  middling  made  by  conoidal  deck  No.  1  and 
by  the  step  deck  are  the  only  ones  which  can  be  considered  as  concentrate, 
the  concentrate  No.  2  from  conoidal  deck  No.  2  being  of  much  lower  grade 
than  the  feed,  and  the  middling  from  the  conical  deck  being  of  about  the 
same  grade  as  the  feed. 
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In  May,  1913,  conoidal  deck  No.  3  was  installed  in  the  slime  plant. 
The  deck  was  given  a  cement  surface  of  similar  finish  to  that  on  the  other 
two  conoidal  decks  installed  in  the  slime  plant. 

This  deck  varied  from  the  first  two  conoidal  decks  installed  in  that  the 
chord  of  the  arc  was  laid  on  a  slope  of  1.126  in.  per  foot  instead  of  1.25  in. 
per  foot  for  conoidal  deck  No.  1,  or  1  in.  per  foot  for  conoidal  deck  No.  2. 
I'his  was  the  only  variable. 

The  three  conoidal  decks  and  the  steel-frame  conical  deck  were  tested 
in  parallel  during  the  eight-day  period  May  17  to  24,  inclusive,  1913,  the 
results  obtained  from  these  tests  being  presented  below.  The  conoidaJ- 
deck  results  have  been  placed  in  the  order  of  decreasing  slope  of  deck 
surface.  This  arrangement  brings  out  more  clearly  the  differences  in  the 
work  of  the  conoidal  decks,  and  also  places  the  results  of  conoidal  deck 
No.  2  by  the  side  of  those  of  the  conical  deck,  the  work  done  by  these 
tables  being  very  similar. 

Comparative  Results  on  Four  Round  T^ables 


No.  1 

Slope  of  chord  of  arc  in  inches  per  foot 1 .  25 

Feed: 

Gallons  of  feed  pulp  per  24  hr 14,546 

Tons  of  dry  solids  in  feed  per  24  hr 6 .  626 

Density  of  feed  in  grams  per  gallon 407 

Assay  per  cent,  copper  in  feed 2 .  67 

Pounds  of  copper  fed  per  24  hr 349 

Concentrate  No.  1: 

Gallons  per  24  hr 10,522 

Tons  dry  solids  per  24  hr 0.821 

Density  in  grams  per  gallon 71 

Per  cent,  of  solids  in  feed 12 .  68 

Assay  per  cent,  copper 13 .  03 

Assay  per  cent,  insoluble 39.6 

Assay  per  cent.  FeO   22.9 

Pounds  of  copper  per  24  hr 214 

Per  cent,  of  copper  in  feed 61 .  32 

Concentrate  No.  2  (middling) : 

Gallons  per  24  hr 2,005 

Tons  dry  sohds  per  24  hr 0. 101 

Density  in  grams  per  gallon 45 

Per  cent,  of  solids  in  feed 1 .  54 

Assay  per  cent,  copper 4 .  97 

Assay  per  cent,  insoluble 74.6 

Assay  per  cent.  FeO 8.0 

Pounds  of  copper  per  24  hr 10 

Per  cent,  of  copper  in  feed 2 .  86 


Conoidal 

Conical 

No.  3 

No.  2 

1.125 

1.00 

15,427 

15,280 

16,341 

6.887 

6.882 

7.007 

405 

405 

389 

2.66 

2.46 

2.37 

367 

336 

332 

11,672 

10,523 

13,562 

1.280 

1.643 

1.489 

99 

142 

100 

18.59 

24.08 

21.24 

9.84 

7.03 

7.56 

53.4 

65.5 

63.3 

17.4 

12.3 

13.3 

252 

231 

225 

68.66 

68.75 

67.77 

2,206 

4,107 

4,587 

0.193 

0.442 

0.588 

79 

98 

116 

2.80 

6.49 

8.39 

2.59 

1.81 

1.79 

84.7 

88.1 

88.3 

4.1 

2.8 

2.7 

10 

16 

21 

2.73 

4.76 

6.33 
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Conoidal  Conical 

No.  1       No.  3       No.  2 

Total  concentrate: 

GaUons  per  24  hr 12,527     13,878 

Tons  dry  solids  per  24  hr 0.922       1.473 

Density  in  j^rams  per  gallon 67  96 

Per  cent,  of  solids  in  feed 14. 12  21 .39 

Assay  per  cent,  copper 12. 15        8. 89 

Assay  per  cent,  insoluble 43 . 4  57 . 5 

Assay  per  cent.  FeO 21 .3  15.6 

Pounds  of  copper  per  24  hr 224  262 

Per  cent,  of  copper  in  feed 64 .  18  71 .  39 

North-side  tailing: 

Gallons  per  24  hr 8,519       9,718 

Tons  dry  solids  per  24  hr 2.288      2.602 

Density  in  grams  per  gallon 244  243 

Per  cent,  of  solids  in  feed 36.05  37.78 

Assay  per  cent,  copper  0. 98        0. 96 

Pounds  of  copper  per  24  hr 45  60 

Per  cent,  of  copper  in  feed 12.89  13.62 

South-side  tailing: 

Gallons  per  24  hr 10,852       9,289 

Tons  dry  solids  per  24  hr 3.317      2.812 

Density  in  grams  per  gallon 277  275 

Per  cent,  of  solids  in  feed 50.83  40.83 

Assay  per  cent,  copper 1 . 21        0.98 

Pounds  of  copper  per  24  hr 80  55 

Per  cent,  of  copper  in  feed 22.93  14.99 

Total  tailing: 

GaUons  per  24  hr 19,371  19,007 

Tons  dry  solids  per  24  hr 5.605      5.414 

Density  in  grams  per  gallon 262  258 

Per  cent,  of  solids  in  feed 85.88  78.61 

Assay  per  cent,  copper 1.11        0 .  97 

Pounds  of  copper  per  24  hr 125  105 

Per  cent,  of  copper  in  feed 35 .  82  28 .  61 

Ratio  of  concentration  (No.  1  concentrate) 7.9  5.4 

Ratio  of  concentration  (total  concentrate) 7.1  4.7 

Ratio  of  enrichment,  copper  (No.  1  concentrate)    4.9  3.7 

Ratio  of  enrichment,  copper  (total  concentrate).    4.6  3.3 

Gallons  of  fresh  water  used  per  24  hr 17,352  17,458 

Gallons  of  fresh  water  used  per  ton  fed 2,659       2,535 

Discussion  of  Results  of  Eight-Day  Test 

The  following  tabulation  shows  that  the  test  results  arrange  the  diflferent 
decks  in  just  the  order  which  should  be  expected  both  in  regard  to  copper 
recovery  and  grade  of  concentrate  produced. 


14,630 

18,149 

2.085 

2.077 

129 

104 

30.57 

29.63 

5.92 

5.92 

70.3 

70.4 

10.3 

10.4 

247 

246 

73.51 

74.10 

8,555 

9,634 

2.037 

2.261 

216 

232 

29.85 

35.12 

1.08 

0.93 

44 

46 

13.10 

13.85 

10,593 

9,351 

2.700 

2.470 

231 

240 

39.58 

35.25 

0.83 

0.81 

45 

40 

13.39 

12.05 

19,148 

18,985 

4.737 

4.931 

224 

236 

69.43 

70.37 

0.94 

0.87 

89 

86 

26.49 

25.90 

4.2 

4.7 

3.3 

3.4 

2.8 

3.2 

2.4 

2.5 

18,498 

20,793 

2,711 

2,967 
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Order  of  Deck  Efficiency  Based  on  Total  Concentrate 


In  Regard  to  Copper  Recovery 

In  Regard  to  Grade  of  Concentrate 

Recovery,  Per  Cent. 

Cu 

Insol. 

FeO 

Conical  deck, 

74.10 

Conoidal  deck 
No.  1 

12.15 

43.14 

21.3 

Conoidal  deck 

73.51 

Conoidal  deck 

8.89 

57.5 

15.6 

No.  2 

No.  3 

Conoidal  deck 

71.39 

Conoidal  deck 

5.92 

70.3 

10.3 

No.  3 

No.  2 

Conoidal  deck 

64.18 

Conical  deck 

5.92 

70.4 

10.4 

No.  1 

The  work  of  the  conical  deck  is  practically  identical  with  the  work 
of  the  conoidal  deck  No.  2.  The  conoidal  deck  results  illustrate  very 
clearly  the  eflfect  of  the  slope  on  the  work  of  the  table,  the  grade  of 
concentrate  produced  being  lowered  by  a  decrease  in  slope  while  the 
recovery  of  copper  is  raised.  Conoidal  deck  No.  3  with  the  chord  of 
its  arc  laid  on  a  slope  of  1.125  in.  per  foot  was  designed  to  produce  a 
cleaner  grade  of  concentrate  than  the  conical  deck  with  its  slope  of 
1.25  in.  per  foot,  at  the  same  time  making  practically  the  same  recov- 
ery of  copper.  The  tests  showed  that  the  results  desired  were  very 
closely  approximated,  conoidal  deck  No.  3  recovering  71.39  per  cent, 
of  the  copper  fed  in  21.39  per  cent,  of  the  total  feed  solids  while  the 
conical  deck  recovered  74.10  per  cent,  of  the  copper  fed  in  29.63  per 
cent,  of  the  feed  solids.  In  considering  these  results  it  must  be 
remembered  that  the  conical  deck  had  a  radial  width  6  in.  greater  than 
the  radial  width  of  the  conoidal  deck  and  that,  therefore,  in  order  to  make 
the  results  strictly  comparable,  the  deposit  on  the  lower  6  in.  of  the  conical 
deck  should  have  been  washed  into  the  tailing  launder. 

Order  of  Deck  Efficiency  Based  on  Concentrate  No.  1 


In  Regard  to  Copper  Recovery 

In  Regard  to  Grade  of  Concentrate 

Recovery,  Per  Cent. 

Cu 

Insol.         FeO 

Conoidal  deck 

68.75 

Conoidal  deck 

13.03 

39.6          22.9 

No.  2 

No.  1 

Conoidal  deck 

68.66 

Conoidal  deck 

9.84 

63.4           17.4 

No.  3 

No.  3 

Conical  deck 

67.77 

Conical  deck 

7.56 

63.3           13.3 

Conoidal  deck 

61.32 

Conoidal  deck 

7.03 

65.5           12.3 

No.  1 

No.  2    • 

The  above  tabulation  shows  that  the  conical  deck  and  the  conoidal 
deck  No.  2  did  very  similar  work  in  producing  a  finished  concentrate, 


Digitized  by 


Google 


DEVELOPMENT   OF  THE   ROUND  TABLE  AT   GREAT  FALLS  1971 

the  conical  deck  making  a  slightly  cleaner  grade  of  concentrate  and  a 
slightly  lower  recovery  of  copper. 

The  tabulation  also  shows  that  conoidal  deck  No.  3  made  a  higher 
recovery  in  a  much  cleaner  grade  of  finished  concentrate  than  the  conical 
deck,  recovering  68.66  per  cent,  of  the  copper  fed,  contained  in  18.59 
per  cent,  of  the  original  feed  solids,  while  the  conical  deck  recovered  67.77 
per  cent,  of  the  copper  fed,  contained  in  21.24  per  cent,  of  the  original 
feed  solids.  ' 

After  making  a  few  tests  on  the  first  conoidal  deck  installed  in  the 
slime  plant,  the  writer  became  impressed  with  the  fact  that  the  conoidal 
deck  surface  presented  possibilities  for  producing  a  cleaner  grade  of  con- 
centrate than  is  produced  by  a  conical  deck  with  a  slope  of  1.25  in.  per 
foot  while  at  the  same  time  making  as  high  a  recovery  of  copper,  and, 
that  a  conoidal  deck  could  be  installed  which  would  yield  just  such  re- 
sults as  ar3  recorded  above  for  conoidal  deck  No.  3.  The  recovery  made 
by  a  conical  deck  can,  of  course,  be  increased  by  a  slight  flattening  of 
the  slope,  the  increase  in  recovery  being  made  at  the  cost  of  lowering  the 
grade  of  the  concentrate,  or  the  grade  of  concentrate  may  be  enriched 
by  a  slight  increase  of  the  slope,  the  enrichment  being  made  at  the  cost 
of  'a^lower  recovery  of  copper.  Thus,  at  first  glance,  it  might  appear 
that  by  merely  juggling  with  deck  slopes  or  feed  densities,  the  feed  den- 
sity being  fully  as  important  as  the  slope,  the  results  obtained  upon  any 
conoidal  deck  could  be  duplicated  upon  any  conical  deck,  or  vice  versa. 
While  the  writer  is  not  yet  prepared  to  state  emphatically  that  such  is 
not  the  case,  it  may  be  stated  that  a  conoidal  deck  can  be  installed  which 
will  make  a  cleaner  grade  of  concentrate  and  as  high  a  recovery  of  copper 
as  a  conical  deck  with  a  slope  of  1.25  in.  per  foot.  It  may  be  possible 
that  further  experiment  may  develop  the  fact  that  a  combination  of  the 
two  types  of  deck  surfaces  will  be  beneficial,  making  the  deck  semi 
conoidal,  semi-conical,  the  upper  part  of  the  deck  being  conical. 

Qiuxlitalive  Sampling  of  Concentrates  Across  Conical  Deck 

Early  in  August,  1912,  the  writer,  at  the  suggestion  of  Mr.  Goodale, 
obtained  qualitative  samples  of  the  rough  concentrate  on  the  deck  of 
the  steel-frame  conical  table  for  each  foot  of  deck  surface  from  the 
center  to  the  perimeter.  The  assay  results  on  these  samples  showed  that 
the  concentrate  deposit  at  the  head  of  the  deck  was  considerably 
richer  than  the  finished  concentrate  produced  by  the  slime  plant,  while 
the  deposit  nearer  the  perimeter  of  the  deck  was  of  very  low  grade.  The 
table  was  tested  on  August  11,  12,  and  13,  being  sampled  quantitatively 
preceding  the  qualitative  sampling  of  the  concentrate,  two  or  three 
revolutions  of  the  table  being  allowed  to  elapse  before  the  qualitative 
samples  were  taken. 
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The  density  of  the  feed  was  increased  with  each  day's  sampling,  the 
light  density  of  the  first  day  making  a  lighter  tonnage  of  feed  to  the  table 
than  was  the  case  on  the  two  following  days.  The  quantitative  results 
of  the  tests  will  first  be  presented: 

Date  of  Test 

Aug.  11  Aug.  12  Aug.  13 

Rate  of  feed,  tons  per  24  hr 9.10  11.60  11.05 

Density  of  feed  in  grams  per  gallon 386  454  482 

Assay,  per  cent,  copper  in  feed 2. 00        2. 50        2. 44 

Tons  of  concentrate  produced  per  24  hr 1 .687      3. 112      4. 151 

Assay  per  cent,  copper  in  concentrate 6. 05        6. 45        4.70 

Assay  per  cent,  insoluble  in  concentrate 71 .0  71.6  77.2 

Assay  per  cent.  FeO  in  concentrate 8.7  8.7  7.8 

Per  cent,  of  copper  fed,  recovered  in  cdhcentrate 56.04  69.86  72.36 

Ratio  of  concentration,  tons  into  one 5.4  3.7  2.7 

Assay  per  cent,  copper  north  tailing 1 .  05        1 .  05        1 .  05 

Assay  per  cent,  copper  south  tailing 1 .  10        1 .00        1 .  10 

Assay  per  cent,  copper  total  tailing 1.08         1.03        1.08 

Gallons  of  fresh  water  used  per  24  hr 12,803  10,800  12,126 

Gallons  of  fresh  water  used  per  tons  fed 1,407        939         1,097 

Gallons  of  fresh  water  used  per  ton  concentrate 7,589  3,470         2,921 

On  August  11,  the  table  was  receiving  a  low  grade  of  feed  and,  there- 
fore, making  a  lower  percentage  recovery  of  copper  than  would  be  made 
with  a  richer  feed.  The  feed  was  also  more  dilute  than  on  the  two  follow- 
ing days  which  may  have  helped  the  tailing  loss  to  some  extent.  On 
August  12,  a  slightly  richer  and  denser  feed  was  treated  and  an  increase 
made  in  the  recovery  of  copper  in  concentrate,  the  grade  of  the  concen- 
trate being  slightly  better  as  regards  copper  value  than  that  made  on  the 
preceding  day. 

On  August  13,  the  table  feed  had  about  the  same  assay  value  as  on 
the  preceding  day,  but  had  a  greater  density.  The  percentage  of  copper 
in  feed  recovered  in  concentrate  showed  a  further  increase,  chiefly  due 
to  the  lower  grade  of  concentrate  produced.  (In  a  test  made  on  the  above 
deck  in  May,  1911,  a  73  per  cent,  recovery  of  copper  was  obtained  in  a 
concentrate  assaying  7.03  per  cent,  copper,  69.1  per  cent,  insoluble,  and 
9.4  per  cent.  FeO.  This  recovery  was  made  on  a  feed  assaying  2.91 
*  per  cent,  copper,  and  with  a  rate  of  feed  of  6.2  tons  per  24  hr.,  as  against 
11.05  tons  per  24  hr.  in  the  present  test.) 

The  following  tabulation  shows  the  results  obtained  on  the  qualita- 
tive samples  of  rough  concentrate. 

During  the  test  of  August  13,  the  end  of  the  feed  box  was  partitioned 
oflF  to  prevent  new  feed  from  coming  on  the  table  at  the  head  of  the  sam- 
pling line,  therefore,  in  this  case  a  uniform  increase  in  copper  and  iron 
percentages  and  a  uniform  decrease  in  insoluble  content  of  the  con- 
centrate was  obtained  from  the  perimeter  to  the  feed  box.     The  samples 
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were  taken  along  a  line  on  the  table  immediately  preceding  the  wash- 
off  spray,  so  that  the  samples  may  be  said  to  represent  the  rough  concen- 
trate produced  by  the  table. 

Analyses  of  Rough  Concentrate  from  Steel-Frame  Conical  Table 

Sample.  Copper  Insoluble  Ferrous  Oxide 

Aug.  11  Aug.  12  Aug.  13  Aug.  11  Aug.  12  Aug.  13  Aug.  11  Aug.  12  Aug.  13 

No.  Per        Per        Per        Per        Per        Per        Per        Per        Per 

Cent.     Cent.     Cent.    Cent.     Cent.     Cent.     Cent.     Cent.     Cent. 

1 3.75  2.25  1.15  80.8  87.2  91.6        4.9  2.9  2.2 

2 5.5  2.9  2.15  74.0  85.2  87.6        7.5  3.3  3.6 

3 7.1  3.35  2.2  67.6  83.8  87.4        9.8  4.2  3.2 

4 8.1  6.95  2.9  63.0  70.6  84.4  11.6  9.1  4.5 

5 9.35  7.55  4.2  57.6  68.4  79  8  13.9  9.8  6.9 

6 10.2  12.3  6.0  54.4  48.4  72.8  14.7  17.8  8.6 

7 9.2«  12.1*  10.9  57.4*  49.4^  52.2  13.8-  17. 4«  17.1 

8. 7.35*  11. 45«  13.2  64.8*  52. 6^  40.8  11. 3«  16.3*  22.0 

Total  Conct.  6.05  6.45  4.7  71.0  71.6  77.2  8.7  8.7  7.8 

Sample  No.  1  taken  from  first  foot  above  perimeter  of  table;  sample  No.  8  taken  from 
first  foot  below  feed  box. 

'  The' lowering  of  the  copper  and  FeO  percentages  at  this  point  was  caused  by  new 
feed  coming  on  the  table. 

*  The  increase  in  insoluble  content  at  this  point  was  caused  by  new  feed  coming 
on  the  table. 

The  results  obtained  on  August  13  are  shown  graphically  in  Fig.  3. 
The  curves  illustrate  the  results  obtained  when  the  new  feed  is  excluded 
from  the  two  upper  samples. 

The  results  showed  that  in  using  the  conical  round  tables  as  roughing 
tables,  which  was  the  regular  slime-plant  practice  at  the  time  the  samples 
were  taken,  a  grade  of  concentrate  was  being  produced  on  the  upper  part 
of  the  deck  which  was  of  a  better  grade  than  the  usual  run  of  finished 
concentrate,  and  that  in  removing  this  concentrate  from  the  deck  it  was 
remixed  with  a  large  quantity  of  very  siliceous  material  from  the  lower 
part  of  the  deck. 

Another  set  of  qualitative  samples  was  obtained  during  a  two-day 
test  made  on  August  26  and  28,  1912,  the  material  on  the  deck  surface 
being  sampled  just  preceding  the  wash-oflF  spray  and  also  on  a  radial 
line  diametrically  opposite  the  wash-oflf  spray.  In  the  tabulation  (p.  1975) 
^'A"  samples  are  those  taken  immediately  preceding  wash-oflf  spray, 
and  "S"  samples  those  taken  on  a  radius  diametrically  opposite  the  wash- 
oflF  spray.  Plus  and  minus  signs  indicate  that  results  on  "5"  samples 
are  greater  or  less  than  results  on  "A"  samples. 
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Another  set  of  qualitative  samples  was  taken  on  June  17,  1913,  in- 
cluding samples  taken  on  each  of  the  three  conoidal  decks  which  were  in 
operation  at  this  time  and  on  one  of  the  steel-frame  conical  decks. 


0 


Perimeter  of  Deck 
Fig.  3 


7  0  5  4  3 

DISTANCE  FROM  CENTER  OF  TABLE  IN  FEET 


Feed  Box 

Curves  Showing  Grade  of  Concentrate  for  Each  Foot  of  Deck 
Surface  of  Steel-Frame  Cement-Deck  Round  Table 

Insoluble  curve,  one-half  scale  of  Cu  and  FeO  curves. 


It  was  at  first  intended  to  make  a  more  extended  test  in  this  direction 
but  it  was  afterward  decided  that  enough  experimental  data  had  been 
secured  to  answer  all  practical  purposes. 
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1975 


Comparison  of  Average  Results  of  "A"  and  ^'B"  Samples 


Sara 

-  ' 

Coppe 

X 

Insoluble 

' — Ferrous  Oxide — ^' Sulphur * 

pie 

A 

B 

Differ- 

A 

B      Differ 

-       A 

B   Differ-    A 

B  Differ- 

So, 

Per 

Per 

ence 

Per 

Per      ence 

Per    Per   ence    Per 

Per   ence 

Cent. 

Cent. 

Per 
Cent. 

Cent. 

Cent.       Per 
Cent. 

Cent 

.  Cent.  Per  Cent. 
Cent. 

Cent.  Per 
Cent. 

1   . 

1.80 

1.33 

-0.47 

89.2 

90.3     +0.11 

2.7 

2.2  -0.5      2.8 

1.9  -0.9 

2.. 

3.17 

2.16 

-1.01 

83.7 

87.7    +4.0 

4.6 

3.4  -1.2      5.3 

3.4  -1.9 

5.. 

3.94 

2.99 

-0.95 

80.5 

84.4     +3.9 

6,0 

4.3  -1.7      6.7 

4.8  -1.9 

4.. 

4.37 

4.36 

-0.01 

78.9 

78.9 

6.6 

6.2  -0.3      7.5 

7.3  -0.2 

5.. 

6.97 

6.72 

-0.25 

68.2 

69.1     +0.9 

10.7 

10.2  -D.5    12.1 

12.0  -0.1 

6.. 

9.60 

8.85 

-0.75 

57.5 

60.2     +2.7 

14.7 

13.6  -1.1     17.0 

15.9  -0.1 

7.. 

11.51  10.48 

-1.03 

48.4 

52.2    +3.8 

18.4 

16.8  -1.6    21.3 

19.7  -1.6 

8.. 

11.15 

8.86 

-2.30 

48.3 

58.3+10.0 

18.6 

15.1  -3.5    21.6 

17.2  -4.4 

Samples  are  numbered  from  the  perimeter  of  the  deck  to  the  feed  box. 

The  following  results,  while  not  absolutely  uniform,  serve  to  illustrate 
the  diflferenee  in  the  work  of  the  tables: 


Conoidal  Decks 


Conical  Deck 


Sample 
No. 


No.  1, 
slope  1.25  in. 


No.  3, 
slope  1.125  in. 


No.  2, 
slope  1.00  in. 


Slope  1.25 
in. 


Assay  Per  Cent. 


I  ! 

Cu   Insol.  FeO 

1 1   12.1  44.5  20.0 

2 12.1  45.7  19.1 


12.9  41.8  21.0 
10.9  50.0  18.0 
9.1  58.0  14.71 
9.5  66.6  15.3 
10.6  50.2  18.11 
14.4  33.4  25.9, 


Cu  Insol.  FeO^ 
3.62  80.7  4.9' 
5.65  73.9 
6.53  69.7 
5.50  73.2 
4.9  76.0 

5.1  74.4 

6.2  69.3 
9.4  54.3 


7.4 
9.1 
8.6 
7.4 
8.5 
10.6 
17.5! 


Cu 
2.5 
4.6 
4.1 
4.8 
4.7 
4.9 
5.6 
7.4 


Insol. 
85.1 
76.2 
78.5 
74.9 
75.9 
76.7 
71.8 
62.8 


FeO| 
3.9 
7.6i 
6.7 
7.9 
7.8| 
7.61 
9.7i 


Cu  Insol.  FeO 
2.23  86.8  3.1 
2.05  87.1 
2.01  87.6 
2.95  83.8 
3.56  81.2 
6.03  70.0 


2.9 
2.7 
4.4 
5.4 
10.3 


9.22  54.9  17.0 
13.612.59  40.2  23.3 


I 


Samples  are  numbered  from  perimeter  to  center  of  table.  At  the  time 
the  first  of  above  samples  was  taken,  and  for  some  two  years  previous  to 
this  time,  all  of  the  slime-plant  round  tables,  with  the  exception  of  one 
table  which  was  used  for  clearing  up  finishing-table,  middling,  were 
operated  as  roughing  tables,  the  rough  concentrate  being  cleaned  on 
Deister  No.  3  slime  tables.  This  roughing  system,  or  two-stage  system, 
was  installed  under  the  supervision  of  G.  M.  Bates,  slime-plant  fore- 
man, along  the  lines  recommended  by  Dr.  Richards  some  time  previ- 
ously, with  the  exception  that  the  tables  were  set  to  make  3  rev.  an  hour 
instead  of  1  rev. 

This  system  gave  very  satisfactory  results,  but,  of  course,  necessitated 
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the  re-treatment  of  a  large  amount  of  material  and  the  continuous  circu- 
lation of  a  large  quantity  of  middling. 

On  a  conical  deck  round  table,  operating  as  a  roughing  table,  taking 
an  average  of  all  decks  in  operation,  about  70  per  cent,  of  the  original 
feed  copper  is  concentrated  in  about  30  per  cent,  of  the  original  feed  solids, 
and  about  30  per  cent,  of  the  copper  and  70  per  cent,  of  the  feed  solids  are 
sloughed  off  as  tailing.  Hence,  imder  above  conditions,  about  30  per 
cent,  of  the  original  feed  to  the  round  tables  requires  re-treatment  on 
finishing  tables  before  a  satisfactory  concentrate  can  be  obtained. 

Feed 
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Fig.  4. — Original  Slimb-Plant  Flow-Sheet. 


After  some  further  investigation  of  the  grade  of  the  rough  concentrate 
on  various  parts  of  the  deck  surface  of  the  round  tables,  it  became  evident 
to  the  writer  that  it  was  unnecessary  to  re-treat  the  whole  of  the  rough  con- 
centrate, as  by  far  the  greater  proportion  of  the  concentrate  copper  was 
contained  in  a  concentrate  which  was  clean  enough  for  a  finished  product. 

Arrangements  were  therefore  made  to  operate  the  round  tables  in  the 
slime  plant  to  make  two  products  in  addition  to  the  tailing  product,  a 
finished  concentrate  and  a  rough  concentrate  or  middling,  the  latter 
product  only  being  subject  to  r-etreatment. 

The  necessary  changes  for  operating  the  plant  as  noted  above  were  com- 
pleted under  the  supervision  of  Mr.  Bates  and  the  plant  put  into  operation 
on  Mar.  1,  1913. 
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Summary  of  Slime-Plant  Practice 

The  following  summary,  submitted  by  George  M.  Bates,  foreman  of 
the  slime  plant,  illustrates  the  progress  in  slime-plant  practice  as  the  result 
of  the  application  of  the  knowledge  gained  by  sampling.     Four  successive 
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flow  sheets  are  presented,  followed  by  a  tabulation  of  figures  to  show  the 
improvement  at  each  step  forward. 

"  Fig.  4  Ulustrates  the  original  slime  plant,  as  operated  from  1905  to 
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1910.  Three  kinds  of  deck  surface  were  in  use,  viz.,  plain  wood,  linoleum, 
and  smooth  cement.  All,  however,  were  operated  for  two  finished  prod- 
ucts, concentrate  and  tailing. 

''Fig.  5  illustrates  the  so-called  roughing  system.  The  round-table 
decks  were  canvas  covered  and  operated  primarily  for  finished  tailing. 
The  rough  concentrate  was  re-dressed  on  Deister  tables  producing 
finished  concentrate  and  a  middling  which  was  dewatered  and  returned 
to  the  round-table  system. 

"  In  this  connection  the  writer  wishes  to  call  attention  to  the  fact 
that  this  roughing  system  is  more  than  its  name  implies.  Previous  to 
this  time  the  round  tables  had  probably  operated  as  true  film-sizing 
tables.     But,  with  the  adoption  of  the  roughing  system,  the  tables  ceased 
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Fig.  7. — Slime-Plant  Flow  Sheet  Adopted  March,  1913. 


to  be  film  sizers,  and  became  building  tables.  The  feed  b^an  to  bed 
on  the  tables,  sometimes  as  much  as  |  in.  in  thickness.  The  rough  can- 
vas surface  undoubtedly  assisted  in  the  rapid  formation  of  this  bed. 
After  this  bed  was  once  established,  however,  the  character  of  the  deck 
surface  at  that  point  would  seem  to  be  of  small  moment,  except  in  so  far 
as  it  tended  to  hold  back  quartz  grains  and  thus  rendered  washing  more 
difficult.  Whatever  enrichment  took  place  in  the  bed  itself,  as  it  was 
subjected  to  the  action  of  fresh  feed,  must  have  been  due  to  replacement 
of  quartz  grains  by  mineral  grains. 

**Fig.  6  illustrates  the  revised  roughing  system  or  building-table  system, 
in  which  the  return  middling,  instead  of  being  returned  to  the  round- 
table  system,  was  subjected  to  an  individual  treatment  on  a  single 
round  table.  The  equipment  at  this  time  included  several  rough  cement 
decks.  The  cement  surface  was  adopted,  not  for  any  particular  virtue  in 
itself,  but  as  an  economical  substitute  for  canvas.     The  cost  of  mainte- 
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nance  of  the  canvas  surface  was  high.  It  was  evident  that  if  a  cement 
surface  of  similar  character  could  be  produced  it  would  be  much  cheaper 
to  maintain.  Upon  trial  it  was  found  that  the  cement  surface  had  the 
added  advantage  of  requiring  less  wash  water  for  the  removal  of  the 
concentrate. 

"Fig.  7  illustrates  the  latest  slime-plant  practice  and  a  distinct  step 
forward.  The  space  samples  taten  at  regular  intervals  from  the  center 
to  the  perimeter  of  the  round  table  (described  by  Mr.  Crowfoot)  showed 
that  the  round  table  would  produce  a  certain  amount  of  high-grade 
concentrate  directly.  The  operation  of  the  plant  was  immediately 
changed  to  conform  to  this  knowledge.  The  rough  surface  deck  was  re- 
tained (either  canvas  or  cement)  but  the  tables  were  equipped  to  make 
three  .products,  viz.,  a  finished  tailing,  a  certain  amount  of  finished  con- 
centrate, and  a  considerable  amount  of  middling,  the  latter  then  enriched 
on  a  secondary  table  (Deister  or  James).  The  return  middling  was 
re-treated  on  a  round  table  as  before.  While  Mr.  Crowfoot's  tests  indi- 
cated that  a  very  high-grade  concentrate,  namely  from  10  to  14  per  cent, 
copper  content,  was  possible  under  this  system,  owing  to  certain  considera- 
tions of  recovery  and  smelting  costs,  the  production  of  a  concentrate 
richer  than  8  per  cent,  copper  content  has  not  been  attempted. 

*'The  following  figures,  corresponding  to  the  flow  sheets  just  pre- 
sented, show  that  the  progress  in  slime  concentration  has  been  real.'' 

Average  Monthly  Figures  of  Slime  Plant 

Plow  sheet  number 1  2  3  4 

Year 1908  1911  1912  1913« 

Average  number  round  tables ...  15.5  14.0  14. 5  14.9 

Table  feed: 

Tons  per  month 2,091  2,-273  2,474  3,010 

Tons  per  table  per  24  hr 4.70              5.68  6.16  7.28 

Assay  per  cent,  copper 2.56  2.63  2.63  2.78 

Density  in  grams  per  gallon ...  385                372  386  499 

Density  in  per  cent,  solids 9.5  9.2  9.5  12. 0 

Plant  concentrate: 

Assay  per  cent,  copper 5. 14  9.87*  9.27*  8.02*' 

Copper  content,  pounds 56, 160  64, 180  47,420  1 14,680 

Tailing: 
Assay  per  cent,  copper 1.65  1.38  1.33  1.15 

Percentage  copper  recovery: 

Plant 40.4  39.8  43.0  50.7 

Tables 52.4  53.6  57.2  68.6 

*  April  to  September. 

*  Final  concentrate  after  being  finished  on  one  or  two  Deisters. 

*  Final  concentrate  —  round-table  concentrate  plus  secondary  table  concentrate. 
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Suggested  Flow  Sheet  for  Slime  Classification  and  Treatment 

While  testing  out  the  conoidal  decks  in  the  slime  plant  the  writer  took 
up  the  question  of  classifying  the  through  0.07-nim.  slime  preceding  round- 
table  treatment  with  a  view  to  obtaining  a  further  increase  in  slime-plant 
efficiency,  having  in  mind  the  following  flow  sheet  for  the  treatment  of 
slime-. 

(1)  The  slime  overflowing  the  hydraulic  classifiers  in  the  mill  to  be  sent 
to  V-settling  tanks  equipped  with  transverse  or  longitudinal  baffles  set 
at  an  angle  of  45®  to  insure  the  overflowing  of  colloidal  or  semicoUoidal 
material  only,  the  fine  crystalloid  material  to  be  discharged  with  a  certain 
amount  of  the  colloidal  material  through  the  spigot. 

(2)  The  spigot  discharges  of  the  V-tanks,  a  comparatively  small  vol- 
ume of  slime,  to  be  sent  to  cone-shaped  hydraulic  classifiers,  designed  to 
effect  a  separation  between  the  colloidal  and  the  crystalline  material. 
The  spigot  discharge  of  the  cone  classifiers  to  be  fed  to  fine-sand  tables 
of  the  Wilfley  or  James  type  or  to  round  conoidal  deck  tables  having  a 
comparatively  flat  slope.  The  overflow  of  the  classifiers  to  join  the 
overflow  of  the  V-tanks. 

(3)  The  combined  overflow  product  of  the  V-tanks  and  cone  classifiers 
to  be  dewatered  in  Callow  tanks  equipped  with  conical  baffles  set  at  an 
angle  of  45®  (about  seven  baffles  per  tank).  Some  of  the  very  finest  of 
the  colloidal  material  to  be  sloughed  off  as  waste  in  the  overflow  of  the 
Callow  tanks,  probably  about  10  per  cent,  of  the  total  solids  fed.  The 
overflow  of  the  Callow  tanks  to  go  to  waste,  or  to  be  pumped  for  re-use  in 
mill;  the  spigot  discharges  of  the  Callow  tanks  to  be  sent  to  free-settling 
classifiers,  or  long  tanks  equipped  with  longitudinal  baffles  set  at  an 
angle  of  45®.  The  cross-sectional  area  of  the  tanks  to  be  large  enough  to 
permit  the  slime  to  pass  through  the  tanks  at  a  very  slow  rate.  The  speed 
of  the  current  at  all  points  in  the  cross  section  to  be  kept  uniform  by  the 
use  of  a  feed  sole  and  the  longitudinal  baffles  spaced  3  in.  apart.  The  over- 
flow of  the  tanks,  if  any,  to  go  to  waste.  The  spigot  discharge  of  the  tanks 
to  be  combined  in  three  products  representing  head  end,  center  and  tail 
end  of  tanks.  The  combinations  of  the  spigot  discharges  of  the  tanks  to 
be  distributed  as  follows:  Spigots  from  head  end  of  tank  to  go  to  revolv- 
ing round  tables  with  conical  or  conoidal  deck  surfaces  and  with  about  the 
same  overall  slope  as  conoidal  deck  No.  2,  previously  mentioned  (flat 
slope).  Spigots  from  center  of  tank  to  go  to  similar  tables  with  about 
the  same  overall  slope  as  conoidal  deck  No.  3,  previously  mentioned 
(medium  slope).  Spigots  from  tail  end  of  tank  to  go  to  similar  tables 
with  about  the  same  overall  slope  as  conoidal  deck  No.  1,  previously 
mentioned  (steep  slope). 
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All  round  tables  to  be  operated  to  produce  a  finished  concentrate^  a 
middling  for  re-treatment,  and  a  waste  tailing  product. 

The  re-treatment  middling  to  be  pumped  back  to  head  of  Callow  tank 
system,  to  go  over  again.  No  finishing  tables  other  than  the  round  tables 
to  be  employed.   . 

In  connection  with  the  classification  of  through  0.07-mm.  slime,  the 
writer  carried  out  a  laboratory  test  on  the  classification  of  slime  by  free 
settling,  and  on  the  subsequent  concentration  of  the  settled  products,  the 
results  of  which  will  be  presented  in  another  paper.  The  wet  mechanical 
concentration  of  the  through  0.07-mm.  slime  resulting  from  the  milling 
of  the  copper  and  irpn  sulphide  ores  of  the  Butte  district  of  Montana  is 
still  in  process  of  development,  although  rapid  progress  has  been  made  in 
increasing  the  efficiency  of  the  practice  since  Mr.  Callow  introduced  the 
use  of  the  round  table  as  a  concentrating  machine  for  the  slime  in  1904. 

Conclusion 

As  stated  earlier  in  this  paper,  the  round  table  has  been  able  to  main- 
tain its  supremacy  over  all  other  types  of  machines  on  this  particular  class 
of  work,  and  in  the  opinion  of  the  writer  it  will  continue  to  do  so  as  long  as 
wet  mechanical  concentration  continues  to  be  the  most  satisfactory  method 
of  extracting  the  valuable  minerals  from  this  class  of  material. 

In  making  the  above  statement  the  writer  does  not  mean  to  convey 
the  impression  that  the  revolving  convex  round-table  practice  described 
in  this  paper  represents  the  last  word  in  round-table  practice  on  fine 
slime;  it  is  possible  that  with  further  experimenting  we  may  find  that 
decks  of  a  lesser  diameter  can  be  used,  or,  that  a  combination  of  the  con- 
ical and  the  conoidal  deck  may  prove  effective.  In  the  opinion  of  the 
writer,  the  work  of  the  conical  steel-frame  cement  deck  would  be  greatly 
improved  if  a  smoother  finish  were  given  to  the  deck  surface  than  has 
so  far  been  used. .  The  comparatively  rough  cement  deck  surface  used 
is  an  excellent  surface  for  saving  slime  mineral  grains  but  offsets  this 
advantage  to  a  large  extent  by  retaining  a  large  amount  of  fine  gangue 
material,  especially  upon  the  lower  radial  half  of  the  deck  surface,  which 
includes  by  far  the  greater  part  of  the  deck  area.  On  this  area,  the  trans- 
porting power  of  the  water  film  having  been  lessened,  a  considerable 
amount  of  fin^  gangue  material  settles  out  which  should  be  kept  in  a 
state  of  semi-suspension  if  a  clean  grade  of  concentrate  is  to  be  produced. 
On  the  upper  radial  half  of  the  deck  surface  a  rough  finished  surface  is 
permissible  because  a  heavy  deposition  of  free-mineral  grains  occurs  on 
this  area  which  fills  up  the  minute  pits  in  the  deck  surface  and  tends  to 
displace  any  of  the  lighter  grains  of  gangue  material  which  may  settle 
out  on  this  area. 
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Therefore,  a  cement  deck  surface  might  be  constructed  with  the 
upper  radial  half  rough  finished  and  the  lower  radial  half  very  smoothly 
finished.  It  is  probable,  however,  that  the  result  obtained  would 
closely  approximate  the  results  obtained  from  a  conoidal  deck  having  the 
chord  of  the  arc  laid  on  a  slope  of  1.126  in.  per  foot  and  having  a  rough 
finished  cement  surface. 

In  concluding  this  paper  the  writer  wishes  to  acknowledge  his  indebted- 
ness to  the  following  gentlemen  for  data  furnished,  the  source  of  which  is 
not  fully  acknowledged  in  the  preceding  pages  of  this  paper. 

Henry  Fisher  and  C.  H.  Benedict  of  the  Calumet  &  Hecla  Mining 
Co.,  John  A.  Church  of  New  York,  Gordon  S.  Duncan  of  the  Mines 
Management  Co.  of  New  York  and  London,  Eng.,  and  H.  Foster  Bain 
of  the  Mining  and  Scientific  Press.  The  writer  also  wishes  to  acknowledge 
the  courtesy  of  C.  W.  Goodale,  A.  E.  Wheeler,  and  M.  W.  Krejci  of  the 
management  of  the  Anaconda  Copper  Mining  Co.,  Boston  &  Montana 
Reduction  Department,  in  allowing  access  to  the  company's  files  bearing 
on  the  subject  and  to  thank  Mr.  Goodale  for  valuable  suggestions  result- 
ing from  his  reading  and  criticism  of  the  manuscript. 

Note. — As  the  expressing  of  the  density  of  a  pulp  in  grams  of  solids  per  gallon 
of  pulp,  which  is  the  practice  at  Great  Falls,  is  probably  unique  (the  usual  practice 
being  to  express  the  density  in  per  cent,  of  solids) »  three  charts,  Figs.  8,  9  and  10, 
are  presented  with  this  paper  which  may  be  used  as  follows:  Fig.  8:  To  convert 
grams  per  gallon  to  specific  gravity.  Fig.  9:  To  convert  grams  per  gallon  to  per 
cent,  solids.    Fig.  10:  To  convert  grams  per  gallon  to  degrees  Baum6. 
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FiQ.  8. — Slime  Density.    Grams  per  Gallon  to  Specific  Gravity 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  RBVIBIO  n] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  praferably  ht  piMented  in  person  at  the 
Salt  Lake  meeting,  August,  1914.  when  an  abetraot  of  the  p^>er  will  be  read.  If  this  u  imposrible, 
then  diecuarion  in  writina  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  89  West 
39th  Street,  New  York,  N.  Y..  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  SDedal  arrangement  is  made,  the  discuasion  of  this  paper  will  dose  Oct.  1, 1914.  Any  discusaioo 
offered  thereafter  should  preferably  be  in  the  forni  of  a  new  paper. 


An  Amendment  to  Sales's  Theory  of  Ore  Deposition 

BT  FBEDBBICK  W.  BACORN,  BUTTB,  MONT. 
(Salt  Lake  Meeting,  August,  1914) 

The  paper  of  Reno  H.  Sales  on  Ore  Deposits  at  Butte,  Mont.,^  is  a 
careful  and  painstaking  work,  an  important  contribution  to  the  literature 
of  the  subject.  As  is  almost  inevitable  in  a  work  of  such  magnitude,  a 
few  misstatements  occur;  and  some  of  these  I  shall  endeavor  to  point  out. 
Mr.  Sales  has  also  fallen,  into  error,  as  I  think,  in  the  application  of  his 
theory  of  ore  deposition;  and  while  the  modification  which  I  venture  to 
suggest  is  a  minor  one  geologically,  it  is  of  great  economic  importance.  I 
refer  to  Mr.  Sales's  idea  of  an  outward  migration  of  mineralizing  solu- 
tions from  a  supposed  central  copper  zone.  In  order  that  I  may  make 
myself  plain,  I  must  first  epitomize  the  theory  as  a  whole,  which  I  under- 
stand to  be  this: 

All  of  the  Butte  ore  deposits  (save  those  along  the  Continental  fault, 
not  herein  considered)  are  derived  from  solutions  of  magmatic  origin, 
which,  at  the  beginning  of  their  ascent  from  a  great  depth,  were  acid  in 
reaction,  hot,  and  were  carriers  of  copper,  zinc,  manganese  and  other 
metals.  As  they  departed  from  their  point  of  origin  they  lost  heat,  and, 
because  of  reactions  with  the  wall  rock,  became  more  and  more  alkaline. 
The  metal  deposited  from  these  solutions  in  their  hot  condition  was  prin- 
cipally copper;  and,  as  they  cooled,  they  deposited  less  and  less  copper 
and  more  and  more  manganese  and  zinc,  until  the  copper  practically 
disappeared. 

With  this  theory  in  general  I  have  no  fault  to  find,  nor  have  I,  it 
must  be  stated,  the  qualifications  necessary  to  enable  me  to  pass  upon  it 
critically;  but  it  seems  to  me  to  be  reasonable  and  probable,  and  is  one 
which  I  am  quite  willing  to  accept. 

But  Mr.  Sales,  for  what  seem  to  me  to  be  insufficient  reasons,  has 
assumed  that  there  is  one  deep  central  source  of  copper,  relatively  rich  and 
small,  from  which  all  the  solutions  emanated.  From  this  central  source 
the  solutions  rose,  through  one  channel  or  through  a  group  of  channels, 
to  the  surface,  at  and  within  a  small  area  called  the  central  copper  zone, 
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shown  in  Fig.  7  of  Mr.  Sales's  paper,  p.  1575.  From  this  central  copper 
zone,  via  channels  relatively  near  the  surface,  the  solutions  migrated 
concentrically. 

In  the  veins  within  the  first  ring,  called  the  intermediate  zone,  was 
deposited  copper  more  or  less  intermixed  with  manganese,  zinc,  etc.  Fur- 
ther out,  in  the  peripheral  zone,  was  deposited  little  copper  with  much 
manganese  and  zinc.  Still  further,  beyond  the  peripheral  zone,  the 
depleted  solutions  made  no  noteworthy  deposits. 

I  have  spoken  of  the  channels  through  which  the  solutions  migrated 
outwardly  as  being  relatively  near  the  surface.  Mr.  Sales  is  not  clear  on 
this  point;  but  I  think  his  idea  is  that  of  a  main  trunk  channel  rising  from 
the  central  source  of  copper,  and  tapped  near  the  surface  for  horizontal 
distribution.  If  his  idea  were  that  of  a  radial  distribution  from  the  central 
source  of  copper,  he  would  have  said  so;  and,  besides,  a  radial  distribu- 
tion, or  any  distribution  from  a  point  relatively  near  the  central  source, 
would  not  have  produced  the  concentric  arrangement  which  Mr.  Sales 
conceives,  within  the  small  area  considered  in  his  paper.  A  circle  10,000 
ft.  in  diameter  takes  in  practically  everything  shown  in  the  map  on  p. 
1575,  yet  if  the  central  source  were  20,000  ft.  deep,  no  point  in  the  circle 
would  be  more  than  615  ft.  further  away  from  the  central  source  than  any 
other  point,  and  615  ft.  would  be  relatively  insignificant.  There  is  no 
radial  arrangement  of  the  veins  themselves,  either  on  strike  or  on  dip. 

I  think  that  I  have  stated  Mr.  Sales's  views  correctly,  though  perhaps 
not  with  technical  accuracy.  His  views  on  this  point,  as  I  so  understand 
them,  I  believe  to  be  erroneous. 

In  the  first  place,  I  do  not  think  that  there  is  any  "concentric  zonal 
arrangement "  of  the  district.  There  may  be  a  sort  of  concentric  arrange- 
ment about  the  area  which  Mr.  Sales  calls  the  "central  copper  zone;" 
but  this  concentric  arrangement,  in  a  view  of  the  district  as  a  whole,  is  a 
local  phenomenon,  and  it  may  be  one  of  a  plurality  of  such. 

Within  this  central  copper  zone  are  the  great  copper  mines  of  the  dis- 
trict. The  veins,  as  explained  by  Mr.  Sales,  carry  little  or  no  manganese 
or  zinc.  .  Ordinarily  they  do  not  outcrop,  and  their  apices,  when  exposed 
by  surface  cuts,  show  only  iron-stained,  crushed,  altered  granite,  with 
stringers  of  iron-stained  quartz. 

West  and  northwest  of  this  central  zone  is  the  "silver  district,"  so 
called  because  here  were  the  first  mines  of  Butte,  wherein  mining  opera- 
tions were  for  silver  only.  North  of  the  central  copper  zone  is  an  east- 
ward projection,  in  the  shape  of  a  wedge,  of  the  silver  district.  The  veins 
within  the  silver  district  ordinarily  outcrop  strongly,  the  outcrops  being 
principally  quartz,  stained  black  by  manganese.  In  depth  the  veins 
carry  manganese  and  zinc;  and  until  recently  they  were  supposed  to  carry 
little  or  no  copper. 

From  the  central  copper  zone  into  this  silver  district,  there  is  a  pro- 
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gressive  change  from  veins  of  the  characteristic  "copper"  type  to  veins  of 
the  characteristic  "silver"  type;  but  eastward  and  southward  from  the 
central  zone,  this  progression,  if  it  exists  at  all,  is  by  no  means  so  obvious; 
and  discoveries  in  these  directions  are  coming  so  rapidly  that  it  is  safest  to 
say  that  conditions  there  are  unknown. 

Furthermore,  on  going  northward,  across  the  wedge-shaped  projection 
of  the  silver  district,  the  order  of  progression  is  reversed;  and  one  comes 
again  into  a  region  of  " copper"  veins;  that  is. to  say,  of  veins  which  ordi- 
narily do  not  outcrop,  which  do  not  show  the  prominent  black  outcrops  of 
typical  "silver"  veins,  and  which  show  little  or  no  manganese  or  zinc; 
but  which,  on  the  other  hand,  show  the  typical  crushed  and  altered  gran- 
ite and  iron-stained  quartz  of  the  "copper"  veins. 

Here  is  a  large  section  within  which  veins  of  the  "copper"  type  pre- 
dominate; and  for  specific  illustration  there  may  be  pointed  out  at  Moun- 
tain View  Junction,  only  a  little  over  a  mile  from  the  great  Badger  copper 
mine,  many  large,  strong  veins,  which  completely  fulfill  Mr.  Sales's 
description  of  "copper"  veins,  and  which,  so  far  as  developed,  show  no 
evidence  whatsoever  of  inferiority. 

jThe  point  of  all  this  is,  that  while  Mr.  Sales  is  careful  to  state  that  the 
limits  of  pay  ore  are  as  yet  unknown,  his  theory  of  the  outward  migration 
of  the  mineralizing  solutions  from  the  central  copper  zone  implies  to  the 
outlying  and  undeveloped  territory  some  degree  of  inferiority.  His 
attention  being  not  unnaturally  focused  on  the  ground  which  comes  under 
his  daily  observation,  he  has  unconsciously  assumed  that  the  present 
absence  of  operating  copper  mines  in  the  outlying  sections  is  proof  of  the 
absence  of  copper;  and  on  this  assumption  he  has  predicated  the  idea  of 
the  concentric  arrangement  of  the  district. 

As  a  matter  of  fact,  Butte  is  peculiar  among  all  the  mining  districts 
of  the  world  in  that  development  and  growth  have  extended  outward  from 
the  point  where  the  first  discovery  of  profitable  copper  ore  was  made;  not, 
as  elsewhere  when  bonanzas  are  discovered,  by  leaps  and  bounds,  but 
slowly  and  haltingly,  usually  from  vein  to  vein  and  from  claim  to  claim. 
The  reasons  for  this  have  been  sociological,  and  have  had  nothing  to  do 
with  geology. 

But  to  continue  the  discussion,  not  only  does  it  appear  that  any 
concentric  arrangement,  if  it  exist,  is  a  local  phenomenon,  but  there  seems 
to  be  no  other  good  reason  to  support  the  theory  of  outward  migration. 

The  deep  central  source  of  copper  is,  of  course,  purely  hypothetical. 
Nor  is  it  necessary  thus  to  account  for  the  copper  in  the  Butte  mines,  as 
Mr.  Sales  suggests  (p.  1601).  Hundreds  of  analyses  of  Butte  granite, 
made  in  the  course  of  mining  litigation,  have  disclosed  the  presence  of 
copper.  One  specimen  taken  from  a  point  without  the  central  copper 
zone  and  particularly  studied  by  Mr.  Weed^  carried  copper  to  the  extent 
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Digitized  by  VjOOQIC 


1988  AMENDMENT  TO   SALES's  THEORY   OP   ORE   DEPOSITION 

of  0.006  per  cent.  A  rough  calculation  shows  that,  at  this  rate,  every 
3  or  4  cubic  miles  of  rock  contains  as  much  copper  as  has  ever  been 
mined  in  Butte;  and  it  cannot  be  doubted  that  very  many  cubic  miles 
of  rock  were  drawn  upon  in  the  process  of  the  mineralization  of  the 
district. 

Much  importance  is  attached  by  Mr.  Sales  to  the  porphyry  dikes, 
although  he  does  not  clearly  specify  the  part  which  he  believes  them  to 
have  taken.  I  think  it  will  be  found  that  these  dikes  are  much  more  com- 
mon phenomena  than  now  believed  to  be,  for  on  the  surface  they  are 
ordinarily  not  conspicuous,  and  nobody  has  hunted  for  them;  but  even 
assuming  that  none  exist  save  those  described  by  Mr.  Sales,  their  connec- 
tion with  the  ore  bodies  is  not  obvious.  They  appear  without  as  well  as 
within  the  central  zone;  copper  is  foimd  near  them  and  thousands  of  feet 
distant;  they  are  not  permeable  and  were  not  channels  for  the  solutions; 
they  do  not  carry  copper;  and  the  veins  are  not  enriched  where  they  cut 
through  the  dikes.  The  only  evidence  of  their  relation  to  the  ore  deposits 
is  in  the  fact  that  one  of  the  series  of  ore-bearing  fissures  roughly  parallels 
them.  Standing  alone,  as  it  does,  this  fact  would  seem  to  mean  only  that 
the  rock  stresses  which  formed  the  porphyry-filled  fissures  persisted  until 
after  the  Anaconda  vein  fissures  were  formed.  Later,  different  rock 
stresses  caused  another  series  of  fissures,  not  parallel  with  the  dikes,  but 
forming  with  them  an  angle  of  45°,  and  these  fissures,  like  the  Anaconda 
fissures,  are  ore  bearing,  so  that  the  evidentiary  value  of  the  parallelism 
between  the  dikes  and  the  Anaconda  fissures  is  greatly  weakened. 

From  this  review,  it  would  seem  that  the  evidence  of  the  outward 
migration  of  the  mineralizing  solutions  is  very  slight;  and,  on  the  other 
hand,  there  are  certain  facts  which  are  incompatible  with  that  theory. 

The  Jessie  and  the  Edith  May  veins  run  outwardly  from  the  central 
zone  into  the  intermediate  and  peripheral  zones;  and  hence,  if  there  has 
been  an  outward  migration,  these  veins  must  have  been  among  those 
channels  through  which  the  flow  took  place.  In  such  cases,  we  should 
expect  to  find,  as  we  depart  from  the  central  zone,  that  the  ore  deposits 
would  partake  more  and  more  of  the  characteristics  of  the  silver  veins, 
or,  for  short,  that  they  would  be  more  and  more  zincky.  At  any  given 
point,  the  character  of  the  deposit  must  be  more  zincky  than  at  any  point 
nearer  the  central  zone,  because  the  solutions,  once  cooled,  would  not 
regain  heat,  nor,  once  released  from  pressure,  enter  channels  under  greater 
pressure.  What  we  do  find  is  stated  by  Mr.  Sales  on  p.  1581;  that  is,  a 
zonal  arrangement  on  a  small  scale.  "High-grade  chalcocite-enargite- 
bornite  ores  form  the  central  part  of  the  ore  shoot  with  but  little  sphaler- 
ite and  chalcopyrite  and  shade  almost  imperceptibly  into  zincky  ore  with 
chalcopyrite  toward  the  ends  of  the  shoots.'' 

Now  this  is  exactly  what  we  should  expect  to  find  if  the  mineralizing 
solutions  had  come  up  through  the  open  portions  of  the  veins,  there  depos- 
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iting  the  copper  minerals,  and  in  the  thinner  places  cooling  off  and  de- 
positing zincky  minerals. 

Again,  the  Badger  vein,  at  the  surface  and  for  the  first  1,000  ft.  in 
depth,  is  what  would  be  called  a  silver  vein.  At  about  the  1,000-ft.  level 
copper  begins  to  come  in;  and  from  the  1,300-ft.  level  to  the  present 
bottom  of  the  mine  is  one  of  the  finest  bodies  of  copper  ore  in  the  district. 

No  part  of  this  vein  is  within  about  4,000  ft.  of  the  central  zone;  and 
it  is  a  practical  impossibility  to  figure  out  any  connection  between  it  and 
the  central  zone  which  would  accoimt  for  the  facts  on  the  theory  of  the 
outward  migration.  This  vein,  unlike  the  Jessie  and  the  Edith  May,  does 
not  run  from  the  central  zone  outward,  but  strikes  eastward  and  westward. 
It  does  not  approach  the  central  zone  on  its  dip;  but  is  approximately 
vertical,  whereas  the  principal  veins  in  the  central  zone  dip  to  the  south; 
that  is,  away  from  this  vein. 

Again,  as  in  the  case  of  the  Jessie  and  Edith  May  veins,  the  facts 
observed  in  the  Badger  vein  are  compatible  only  with  the  hypothesis 
that  it  was  mineralized  by  solutions  rising  through  the  vein  itself. 

Finally  are  the  veins  at  Mountain  Vein  Junction  above  referred  to. 
In  these  the  granite  filling  has  been  altered,  as  in  the  copper  veins  else- 
where, and  at  one  point  there  is  a  considerable  showing  of  copper  carbon- 
ates, within  the  walls  of  and  unmistakably  a  part  of  one  of  the  veins.  In 
addition  to  this,  nearby  in  the  railroad  cut  is  an  exposure,  for  500  ft., 
of  altered  granite  similar  to  or  identical  with  the  altered  granite  of  the 
central  copper  zone. 

What  produced  this  alteration  and  what  deposited  this  copper?  Me- 
teoric waters  do  not  make  such  alterations  (Sales,  p.  1553).  This  place 
is  2  miles  distant  (northeasterly)  from  the  central  copper  zone;  and 
between  are  great  areas  of  unaltered  granite,  zinc  mines,  silver  veins,  and 
all  the  phenomena  of  the  "peripheral  zone."  There  is  no  north-and- 
south  fissure  which  could  have  carried  the  mineralizing  solutions  from 
the  central  zone.  There  is  no  flat,  blanket-like  fissure,  known  or  sus- 
pected, which  might  have  acted  as  a  channel;  and  if,  for  the  sake  of  this 
discussion,  we  assume  the  existence  of  such  a  blanket  fissure,  then  we  are 
confronted  with  the  difficulty  that  where  tapped  by  the  Black  Rock  vein, 
a  mile  from  the  central  zone,  the  solutions  rising  through  the  Black 
Rock  vein  made  deposits  characteristic  of  "silver"  veins;  and  where 
tapped  in  the  neighborhood  of  Mountain  View  Junction,  2  miles  from 
the  central  copper  zone,  the  solutions  have  effected  results  characteristic 
of  the  "copper"  veins. 

We  are,  therefore,  driven  to  the  conclusion  in  this  case,  as  in  the 
cases  of  the  Badger,  the  Jessie,  and  the  Edith  May  veins,  that  the  solu- 
tions came  up  through  the  veins  themselves,  from  whatever  may  have 
been  their  source. 

There  are  a  great  many  veins  in  the  outlying  territory  which  show  no 
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variation  (material  to  this  discussion)  from  the  veins  mentioned:  and  as 
the  process  of  reasoning  which  has  been  applied  to  a  few  veins  is  applicable 
to  each  of  the  others,  it  must  be  that  all  veins  which  were  strong  enough 
and  open  enough,  acted  as  channels  through  which  the  mineralizing 
solutions  found  their  way  from  great  depths  to  the  surface. 

There  is  nothing  unreasonable  about  this  view.  The  Boulder  batho- 
lith,  of  which  the  Butte  district  is  a  part,  was  a  mass  of  lately  molten 
granite  (so  Mr.  Sales  thinks)  thousands  of  square  miles  in  area  and  of 
great  depth.  There  was  a  solid  crust  overlying  a  solidifying  mass. 
Within  the  comparatively  small  area  of  the  Butte  district  the  crust  was 
much  broken  and  fissured.  Steam  and  water  were  being  forced  to  the 
surface.  All  openings  must  have  acted  as  channels;  and  the  fact  that 
many  fissures  now  show  the  effects  of  the  hot  water  (''solutions")  which 
flowed  through  them,  is  exactly  what  we  might  expect. 

As  will  have,  been  inferred  from  the  foregoing  discussion,  the  amend- 
ment to  Mr.  Sales's  theory  or  hypothesis  which  I  venture  to  propose,  is 
this:  that  instead  of  there  having  been  an  outward  migration  of  the 
mineralizing  solutions,  during  which  outward  migration  the  cooling  and 
the  chemical  changes  took  place,  the  flow  of  the  solutions  was  generallj'' 
upward,  and  the  cooling  and  the  chemical  changes  took  place  during 
the  upward  flow. 

I  see  no  difficulties  in  the  way  of  accepting  this  modification.  I  do 
not  see  why  the  entire  series  of  changes  in  the  chemical  character  of  the 
solutions,  as  well  as  the  loss  of  heat,  described  by  Mr.  Sales,  may  not  have 
taken  place  in  each  vein.  I  believe  it  possible  to  explain  on  this  hypothe- 
sis all  the  phenomena  described  by  Mr.  Sales.  This  I  can  myself  attempt 
only  in  a  very  general  way;  and  it  is  to  be  hoped  that  Mr.  Sales  and  other 
geologists  will  give  the  matter  further  attention. 

I  think  the  phenomenon  of  the  central  copper  zone  may  be  explained 
in  the  following  manner: 

Here  are  many  veins,  including  a  number  belonging  to  the  Anaconda 
system.  The  Anaconda  fissures  were  the  earliest,  and  the  solutions  rising 
through  them,  because  of  the  long  period  during  which  they  acted,  or 
because  of  their  greater  concentration,  or  perhaps  of  their  greater  pressure 
and  heat,  or  perhaps  because  of  all  these  conditions,  altered  the  granite  to 
a  greater  extent  than  has  yet  been  observed  elsewhere  in  the  district. 

There  is  little  zinc  or  manganese  in  the  central  zone.  If  the  deposition 
of  these  metals  depended  on  the  lowering  of  the  temperature  of  the  solu- 
tions to  a  certain  critical  point,  then  we  have  only  to  assume  that  the 
temperature  of  the  solutions  in  this  region  remained  above  that  critical 
point  until  they  reached  the  surface,  or  until  they  rose  higher  than  the 
present  surface.  The  larger  the  volume  of  solution,  or  the  faster  its  flow, 
the  further  up  would  its  temperature  be  maintained. 

In  the  case  of  the  Emily  vein,  in  the  Badger  mine,  we  have  another 
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condition,  and  we  may  say  that  most  of  the  copper  contained  in  the  solu- 
tions was  deposited  by  the  time  they  had  reached  the  1,300-ft.  level,  in 
the  form  of  chalcocite  and  enargite.  A  little  copper  was  left,  and  this 
was  deposited  as  a  fringe,  perhaps  300  ft.  deep,  above  the  enargite  and 
chalcocite,  in  the  form  of  bornite  and  chalcopyrite.  A  similar  fringe, 
in  a  number  of  other  cases,  is  reported  by  Mr.  Sales.  Above  the  copper, 
the  temperature  of  the  solutions  was  lowered  to  a  point  permitting  the 
deposition  of  the  minerals  characteristic  of  a  "silver"  vein.  Now  if  the 
critical  point  for  the  deposition  of  the  '*  silver  vein"  minerals  had  been  a 
few  hundred  feet  deeper  than  it  actually  was,  or  if  the  Emily  vein  had 
never  been  explored  to  a  depth  greater  than  1,000  ft.,  then  the  Emily 
would  now  be  regarded  as  a  typical  "silver"  vein.  Quite  likely  all  "sil- 
ver" veins  are  copper  veins  in  depth,  though  it  may  often  be  the  case  that 
the  point  at  which  copper  comes  in  is  too  deep  for  commercial  exploitation. 

In  some  veins  are  large  copper  ore  shoots  which  do  not  extend  to  the 
surface,  above  which  copper  there  are  no  notable  deposits  of  "silver  vein" 
minerals.  Perhaps  these  cases  can  be  explained  on  the  theory  that  the 
copper  in  the  solutions  was  exhausted  at  the  tops  of  the  copper  ore  bodies; 
and  that  the  temperature  of  the  solutions,  at  these  points,  had  not  fallen 
to  the  critical  point  for  the  deposition  of  the  "silver  vein"  minerals. 
From  the  top  of  the  copper,  up  to  the  points  where  the  temperature  so  fell, 
which  points  might  be  above  the  present  surface,  the  veins  would  be 
practically  barren,  showing  only  an  alteration  of  the  gr^anite. 

These  are  matters  which  must  be  worked  out  in  detail  by  qualified 
men;  and  it  is  greatly  to  be  hoped  that  not  only  will  Mr.  Sales  himself  be 
able  to  give  further  attention  to  the  work  which  he  has  so  well  begun,  but 
that  others  will  enter  the  field,  where  much  remains  to  be  done. 

People  coming  to  Butte  from  the  outside  may  well  be  surprised  to  dis- 
cover how  much  does  remain.  In  view  of  the  many  years  during  which 
Butte  has  been  known  as  a  "bonanza  camp,"  in  view  of  the  enormous 
production  of  copper,  which  continues  without  diminution,  it  is  indeed 
strange  that  almost  all  knowledge  of  the  district  is  confined  to  the  small 
area,  perhaps  2,000  acres,  which  Mr.  Sales  has  described  in  detail. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Salt  Lake  meeting,  August,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  mi^  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  20  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1, 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


A  Comparison  of  the  Huntington-Heberiein  and  Dwight-Lloyd  Processes 

BY  W.  W.  NORTON,  MURRAY,  UTAH 
(Salt  Lake  Meeting.  August,  1914) 

The  gradually  increasing  proportion  of  sulphide  ores  which  lead 
smelters  of  to-day  are  called  upon  to  handle  has  caused  the  roasting 
problem  to  become  one  of  ever  greater  importance. 

We  may  look  back  a  score  of  years  or  so  and  recall  the  old  hand 
roasters,  some  of  which  turned  out  a  finely  divided  roasted  product,  and 
others  fashioned  with  a  "fuse-box"  wherein  the  roasted  ore  was  slagged. 
Then  came  mechanical  furnaces  of  several  types,  the  Bruckner  cylinder, 
the  Brown-O'Harra,  the  Ropp,  and  others,  all  designed  to  cut  out  the 
cumbersome  hand  labor  of  the  old  reverberatories.  Roasting  costs  were 
thereupon  reduced  and  tonnages  stimulated  to  a  gratifying  extent. 
However,  it  seems  to  have  been  early  recognized  that  this  very  feature  of 
a  greater  amount  of  roasted  sulphide  ore  as  compared  with  oxide  ore 
brought  with  it  a  train  of  difficulties  at  the  blast  furnaces.  The  mechan- 
ically roasted  ore  was  fine  physically,  the  blast  furnaces  were  choked  and 
the  troubles  of  the  smelterman  were  not  at  an  end.  Then  the  Huntington- 
Heberiein  pot  system  of  roasting  appeared  upon  the  scene,  and  later  on 
the  Dwight-Lloyd  machines  were  invented,  and  inasmuch  as  both  of 
these  processes  were  designed  not  only  to  roast  the  ore  but  to  agglomerate 
it  as  well,  it  was  apparent  that  distinct  steps  in  advance  has  been  achieved. 

At  the  Murray  plant,  modern  up-to-date  roasting  practice  is  fully 
exemplified  and  there  are  now  in  successful  operation  roasting  furnaces 
or  devices  of  several  sorts:  namely,  Godfrey  revolving-hearth  furnaces. 
Wedge  multiple-hearth  mechanical  roasters,  Dwight-Lloyd  sintering 
machines,  and  Huntington-Heberiein  pots.  Godfriey  and  Wedge 
furnaces  will  properly  handle  material  high  in  sulphur,  say  ores  with  25, 
30,  and  35  per  cent,  of  that  element;  D.  &  L.  machines  and  H.  &  H.  pots 
will  positively  not  treat  efficiently  ores  or  mixtures  containing  anywhere 
near  the  sulphur  content  mentioned,  but  are  confined  to  charges  contain- 
ing in  the  neighborhood  of  15  or  18  per  cent.  In  passing,  it  may  also  be 
explained  that,  so  far  as  the  knowledge  of  the  writer  goes,  Godfrey  and 
Wedge  furnaces  do  not  economically  eliminate  sulphur  to  an  extent 
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sufficiently  low  for  lead-smelter  practice.  With  these  simple  facts  in 
mind,  it  will  be  perfectly  clear  to  all  that  the  metallurgist  in  charge  may 
elect  to  treat  sulphide  ores  in  either  one  of  two  ways:  he  may  pre-roast 
in  Godfrey  and  Wedge  furnaces  and  subject  the  partly  roasted  product 
to  a  final  treatment  on  D.  &  L.  machines  and  H.  &  H.  pots,  or  he  may 
dilute  the  average  sulphur  in  the  raw  ore  to  15  or  18  per  cent,  by  means  of 
an  admixture  of  the  requisite  quantity  of  non-sulphur  fines  and  send  the 
mixture  thus  obtained  to  D.  &  L.  and  H.  &  H.  machines.  The  Murray 
plant  does  both.  A  certain  flexibility  is  thus  aflforded  for  a  segregation 
of  the  various  classes  of  sulphide  ores;  moreover,  in  the  matter  of  oxide 
fines,  one  can  limit  screening  operations  to  a  point  deemed  best  metal- 
lurgically. 

Godfrey  and  Wedge  furnaces  are  essentially  pre-roasters,  D.  &  L. 
machines  and  H.  &  H.  pots  are  final  roasters.  At  Murray  all  final  roast 
is  either  D.  &  L.  or  H.  &  H.  We  turn  now  to  the  primary  object  of  this 
paper,  namely,  a  brief  discussion  of  the  comparative  merits  of  these  two 
widely  distinct  methods  of  final  roasting. 

Cost  of  Installation 

The  Murray  plant  is  equipped  with  two  D.  &  L.  machines,  the  total 
daily  capacity  of  which  may  be  stated  at  220  tons,  and  23  H.  &  H.  pots, 
with  capacity  of  400  tons.  It  would,  of  course,  be  manifestly  unfair  to 
directly  compare  the  total  costs  of  these  two  installations,  but  it  seems 
quite*  safe  to  say  that  for  almost  any  given  tonnage  capacity  a  D.  &  L. 
plant  can  be  built  for  considerably  less  than  an  H.  £  H.  plant,  it  being 
understood  that  by  H.  &  H.  is  meant  the  converting-pot  portion  of  an  in- 
stallation only,  with  no  reference  to  Godfrey  furnaces.  In  the  case  of  the 
H.  &  H.  one  must  have  heavy  cast-iron  pots  for  handling  ore  in  compara- 
tively large  units,  expensive  overhead  traveling  crane,  substantial  cool- 
ing floor,  and,  finally,  a  crusher  which  the  D.  &  L.  does  not  require  at  all. 
The  cost  of  the  installation  item  must  be  put  down  in  favor  of  the  D.  &  L. 

Cost  of  Roasting 

Any  discussion  of  roasting  costs  should  of  course  be  based  on  units  of 
sulphur  eliminated.  In  a  general  way,  our  experience  has  shown  that  the 
D.  &  L.  will  reduce  an  initial  sulphur  of  about  15  or  16  per  cent,  to  about 
4  per  cent,  in  the  roasted  product,  while  the  H.  &  H.  is  capable  of  handling 
a  slightly  higher  initial  sulphur,  say  17  to  18  per  cent.,  with  resultant  5 
per  cent,  in  product.  During  a  very  recent  period  of  47  consecutive  days, 
it  is  known  that  units  of  sulphur  eliminated  per  ton  of  charge  by  the  D.  & 
L.  practically  equaled  units  of  sulphur  eliminated  per  ton  of  H.  &  H., 
and  it  is  probable  that  an  exhaustive  examination  of  Murray-plant  roasting 


Digitized  by 


Google 


HUNTINGTQN-HEB£KL£IN   AND  DWIQHT-LLOTD  PROCESSES         1995 

records  would  show  about  the  same  amount  of  sulphur  per  ton  of  charge 
driven  off  as  between  the  two  sorts  of  roasters  now  under  review.  It 
follows  that  figures  representing  costs  of  roasting  are  truly  comparable. 

The  limitations  of  this  paper  will  not  permit  of  a  detailed  review  of 
roasting  costs,  but  it  may  be  stated  that  during  the  entire  year  1913  the 
H.  &  H.  made  the  better  showing  to  the  extent  of  about  5c.  per  ton  roasted, 
and  for  the  first  three  months  of  1914  the  H.  &  H.  also  had  an  advantage 
of  about  3c.  per  ton.  Murray  experience,  everything  considered,  indi- 
cates slightly  lower  costs  for  H.  &  H.  as  compared  with  D.  &  L.,  but  the 
fact  that  all  calculations  are  based  on  operations  at  an  H.  &  H.  plant  hav- 
ing twice  the  capacity  of  a  D.  &  L.  plant  must  not  be  overlooked. 

Adaptability  to  Wide  Range  of  Charge  Ingredients 

Any  intelligent  discussion  of  analysis  of  raw  charge  to  roasters  should 
have  the  fundamental  thought  in  mind  that  the  metallurgist  must  treat 
what  comes  to  the  plant.  He  cannot  always  be  favored  with  the  pro- 
portions of  silica,  iron,  and  lead  which  would  give  the  best  results,  con- 
sequently the  adaptability  of  any  given  roasting  device  to  a  variety  of 
materials  will  be  accepted  as  an  item  of  far-reaching  importance. 

Some  two  or  three  years  ago,  in  connection  with  a  visit  to  three  or  four 
custom  lead  smelters  newly  equipped  with  D.  &  L.  machines,  the  writer 
was  somewhat  impressed  with  the  limitations  placed  pn  the  charge  the 
machines  were  capable  of  handling.  Inquiry  brought  forth  the  informa- 
tion that  certain  sorts  of  materials  could  be  attempted  only  by  resort  to  a 
special  layer  of  fine  limestone  or  other  infusible  material  carried  next  to 
the  grates;  any  percentage  of  raw  matte  at  all  seemed  out  of  the  question; 
zinc  was  naturally  side-stepped  as  highly  deleterious;  much  stress  was 
placed  upon  the  proportion  of  silica  to  the  iron,  and  nearly  all  the  en- 
thusiasts demanded  a  goodly  percentage  of  lead  provided  a  choice  quality 
of  sinter  was  to  be  in  evidence.  Of  late,  however,  the  staff  at  Murray 
have  found  that  a  wide  range  of  mixtures  may  be  efficiently  handled 
over  the  D.  &  L.,  and  have  no  doubt  that  equally  good  progress  has 
been  accomplished  at  other  works.  ,Pre-roasted  ore,  any  kind  of  raw 
sulphide  ore  or  concentrates,  flue  dust,  pre-roa^ted  matte,  or  even  raw 
matte  may  be  combined  in  certain  proportions  and  successfully  sintered 
over  these  machines.  A  sufficient  quantity  of  non-sulphur  diluent  to 
bring  the  average  of  the  mixture  down  to  16  per  cent,  sulphur  must  always 
be  added  and  of  course  the  details  of  operation  must  be  cared  for. 

However,  equally  pleasing  results  have  been  attained  with  H.  &  H. 
pots.  With  reference  to  chemical  make-up  of  charge,  the  H.  &  H.  will 
also  handle  "any  old  thing." 

Turning  now  to  physical  character  of  the  raw  ore,  it  is  of  course  rec- 
ognized that  the  air  currents  are  required  to  permeate  a  thin  layer  of 
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charge  in  case  of  D.  &  L.  treatment,  whereas  the  pot  roasters  are  com- 
mitted to  a  very  much  thicker  layer;  however,  a  physically  fine  charge  will 
restrict  tonnage  on  D.  &  L.  just  as  surely  as  it  will  on  H.  &  H.  machines, 
although  the  D.  &  L.  process  is  able  to  successfully  treat  slimes  or  other 
fine  material  which  it  would  be  wholly  useless  to  attempt  to  treat  on  the 
H.  &H. 

By  way  of  summing  up,  it  may  be  stated  that  the  D.  &  L.  process 
possesses  a  slight  advantage  over  the  H.  &  H.  in  the  matter  of  flexibility 
or  range  of  charge  because  the  D.  &  L.  permits  more  delicate  application  of 
operating  details  which  are  essential  to  success,  and  also  because  ex- 
tremely fine  materials  find  no  proper  place  in  the  H.  &  H.  charge. 

Lead  Losses 

We  have  certain  data  at  hand  showing  a  very  moderate  lead  loss  on 
D.  &  L.  machines,  these  data  being  based  on  standard  operating  con- 
ditions during  which  the  resultant  gases  and  fumes  were  sampled  and 
analyzed.  No  data  are  available  as  covering  losses  with  H.  &  H.  pots. 
The  expense  and  difficulties  in  connection  with  accurately  sampling  an 
H.  &  H.  output  of  400  tons  per  day  need  not  be  pointed  out  and  gas 
measurements  and  samples  taken  from  the  combined  gases  of  23  pots  on 
two  different  main  flues  might  eventuate  in  metal-recovery  data  not 
wholly  dependable. 

At  the  Murray  plant  there  have  been  periods  of  time  when  either  the 
D.  &  L.  pr  the  H.  &  H.  machines  have  been  wholly  or  partly  out  of  com- 
mission, and  the  metal  losses  of  the  whole  smelter  during  these  periods 
have  been  observed.  It  is  regarded  as  doubtful  if  the  D.  &  L.  process  is 
productive  of  any  lower  metal  losses  than  is  the  H.  &  H. 

Physical  Condition  of  Product 

Final  roasting  treatment  results  in  a  sintered  or  agglomerated  prod- 
uct, and  incidentally  material  of  a  desirable  physical  character  is  passed 
along  to  the  blast  furnaces.  The  D.  &  L.  sinter  is  usually  of  a  porous  or 
cellular  structure;  the  H.  &  H.  tends  to  greater  density  or  firmness. 
Published  and  unpublished  opinions  of  metallurgists  have  sought  to  show 
that  the  peculiarly  open  or  coke-like  structure  of  the  D.  &  L.  sinter  carried 
with  it  certain  extraordinarily  favorable  properties  when  subjected  to 
the  smelting  process  in  the  blast  furnace,  and  have  even  claimed  appreci- 
able saving  in  the  coke  percentage  used  for  smelting.  Rather  exaggerated 
ideas  concerning  the  efficiency  of  an  exposure  of  porous  surfaces  to  con- 
tact with  reducing  gases  have  been  advanced  and  intimate  mixtures 
(possibly  intimately  combined  silica  and  lead)  have  been  proclaimed  as 
"predigested"  and  therefore  more  easily  reduced.     The  writer  believes 
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that  a  partly  fused  or  **predigested"  combination  may  tend  to  poor 
results  rather  than  to  good  results  when  smelted,  for  the  reason  that  such 
substances  fuse  at  too  low  a  temperature  in  the  furnace.  Certain  writers 
have  gone  so  far  as  to  examine  the  cell  structures  of  the  D.  &  L.  product 
microscopically  and  have  declared  that  glazed  or  unglazed  surfaces  have 
a  bearing  upon  the  readiness  with  which  the  products  were  later  reduced  in 
furnaces. 

With  all  due  respect  to  the  theories  above  set  forth,  it  was  considered 
that  more  dependable  conclusions  could  be  drawn  by  means  of  actual 
operating  tests  and  accordingly  the  Murray  plant  furnaces  during  five 
days  of  August,  1912,  were  run  on  two  charges,  the  one  containing  no 
D.  &  L.  roast  at  all,  the  other  containing  a  rather  large  amount  of  this 
material.  It  was  believed  that  any  peculiar  virtue  existing  in  D.  &  L. 
product  would  have  abundant  opportunity  to  make  itself  manifest. 
The  exact  charges  used  are  given  below,  together  with  the  average  lead 
in  resultant  slag  and  matte. 

Furnaces  Fumaoe 

1,  3,  7  and  8  5 

(NoD.  &L.)  (D.  &L.) 

Coke,  920  (114  per  cent.) 

Bed  36,  bin  7 2,970  320 

H.  &  H.  rofast 2,000  

D.  &  L.  roast 4,800 

Hand-Toasted  matte 600  400 

Iron  ore 690  540 

Limestone 1,640  1,840 

Scrap  iron 100  100 

8,000  8,000 

Per  Cent.        Per  Cent. 

Average  lead  in  slag  for  the  run 0 .  63  0. 91 

Average  lead  in  matte  for  the  run 10.7  14.96 

Great  pains  were  used  to  make  the  experimental  run  one  of  value. 
The  D.  4  L.  roasted  product  was  of  a  typically  honeycombed  character. 
No.  5  furnace  was  in  excellent  condition,  its  operations  were  closely 
watched  by  the  metallurgist  in  charge  of  the  furnaces  and  by  the  writer, 
3''et  absolutely  no  strengthening  of  reduction  appeared.  On  the  contrary, 
No.  5  did  worse  than  the  other  furnaces. 

General  blast-furnace  experience  covering  a  wide  range  of  charges 
and  a  considerable  period  of  time  indicates  that  no  particular  effect, 
either  good  or  bad,  can  be  claimed  for  D.  4  L.  sinter  as  relating  to  strength 
of  reduction  during  the  smelting  process,  and  exactly  the  same  remark 
will  apply  to  H.  4  H.  agglomerated  material.  (Of  course  the  D.  4  L. 
sintered  cakes  must  be  broken  to  the  proper  size  and  the  H.  4  H.  material 
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must  be  crushed  suitably  small,  or  distinctly  bad  reduction  will  ensue.) 
That  both  of  these  products  of  modern  roasting  development  help  the 
speed  of  furnaces  enormously  is  certainly  a  fact.  The  final  roasters  of 
modem  smelters,  in  supplanting  the  old  hand  roasters  and  fine-ore 
producing  mechanical  furnaces,  have  very  naturally  served  to  increase 
blast-furnace  tonnages  to  a  remarkable  extent. 

As  to  which  product  is  the  better  physically,  that  is  to  say,  which 
will  produce  the  heavier  tonnage  at  blast  furnaces,  a  first-class  D.  &  L. 
sinter  does  not  excel  a  first-class  H.  &  H.  agglomerated  product.  More- 
over, given  a  proposition  of  inferior  quality  of  both,  it  would  seem  that 
the  admittedly  cellular  or  at  times  fragile  D.  &  L.  can  hardly  equal 
the  more  firm  and  stable  H.  &  H.  Here  again,  however,  real  experience 
at  blast  furnaces  may  outweigh  mere  conjecture  or  theorizing,  so  the 
following  data  are  submitted  with  the  idea  of  showing  that  in  this  instance 
at  least  the  physical  character  of  the  D.  &  L.  produced  no  better  tonnage 
at  blast  furnaces  than  did  the  physical  character  of  the  H.  &  H. 

On  Aug.  12  and  13,  1912,  the  following  two  charges  were  smelted 
side  by  side  with  the  same  coke  percentage,  the  same  blast  pressure,  and 
as  near  like  conditions  in  other  respects  as  it  was  possible  to  obtain. 

Furnaces  Furnaces 

1,  3  and  5  7  and  8 

(H.  &  H.)  (D.  &  L.) 

^joke,  920  (Hi  per  cent.) 

Bed  37,  bin  4 1,400  2,060 

H.&H.  roast 3,000  

D.  &  L.  roast 3,000 

Hand-roasted  matte 400  400 

Iron  ore 1,140  580 

Limestone 1,960  1,860 

Scrap  iron 100  100 

8,000  8,000 

Average  tons  per  furnace  per  day 294  287 

Per  Cent.  Per  Cent. 

Average  lead  in  slag 0.81  1 . 03 

Average  lead  in  matte 13.47  13.0 

Recapitulation 

The  D.  &  L.  and  the  H.  &  H.  plants  are  operated  conjointly  in  some  re- 
spects; indeed,  both  are  supplied  with  ore  from  the  same  cylindrical  mixing 
bins  and  from  the  same  belt  conveying  system.  One  metallurgist  and  one 
and  the  same  set  of  foremen  guide  the  destinies  of  the  two  types,  abun- 
dant opportunity  is  oflfered  for  comparison,  and  absolutely  no  circum- 
stances exist  which  would  swerve  opinion  either  one  way  or  the  other.    It 
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is  believed  that  a  fair  summary  of  the  actual  experience  set  forth  in  this 
paper  would  be  as  follows: 

Advantage  in 
Favor  of 

Cost  of  installation D.  &  L. 

Cost  of  roasting H.  &  H. 

Adaptability  of  charge D.  &  L. 

Metal  losses Doubtful 

Phjrsical  condition  of  product H.  &  H. 

Conclusions 

The  D.  &  L.  is  a  good  modern  machine  now  brought  to  a  state  of 
efficiency  where  it  is  splendidly  adapted  to  leadnsmelter  work.  The 
H.  &  H.  process  is  still  operated  with  a  good  measure  of  success.  A  good- 
sized,  compact  H.  &  H.  plant  at  Murray,  well  designed  and  operated  in 
a  painstaking  manner,  permits  of  possibly  an  unusually  good  expression 
being  recorded  in  favor  of  the  I{.  &  H. 

The  low  first  cost  of  D.  &  L.  units  and  the  ease  and  flexibility  with 
which  successive  units  may  be  added  to  any  given  lead  smelter  are  perhaps 
the  reasons  why  a  greater  number  of  400-ton  H.  &  H.  plants  have  not 
received  thorough  trial. 

Actual  experience  with  D.  &  L.  machines  at  Murray  has  caused  them 
to  gradually  grow  in  favor  from  year  to  year.  We  are  highly  pleased  with 
the  flexibility  of  charge  and  other  important  items.  The  beautifully 
sintered  product  is  so  exceedingly  good  as  to  make  it  unfortunate  that 
exaggerated  claims  for  its  virtues  should  have  been  published. 

This  article  is  unable  to  point  out  any  overwhelming  advantage  of  the 
D.  A  L.  over  the  H.  &  H.  system,  although  continued  progress  may  upset 
the  balance  at  any  time.  If  history  repeats  itself  some  new  roasting 
system  will  take  rank  over  both  within  a  few  years. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  rkvisionI 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Salt  Lake  meeting,  August,  1914,  when  an  abstraot  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Exigineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  ia  madd,  the  disciusion  of  this  paper  will  dose  Oct.  1, 1914.  Any  discussion 
oflFered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Bag  House  in  Lead  Smelting 

BT  H.  H.  ALEXANDER,  MAURER,  X.  J. 

(Salt  Lake  Meeting.  August,  1914) 

In  the  early  part  of  the  last  century  textile  fabric  was  used  for  the 
filtration  of  products  of  combustion  and  lampblack  was  obtained  by  pass- 
ing smoke  through  a  series  of  canvas  bags.  Natural  draft  was  used  to 
draw  and  force  the  smoke  through  the  bags.  About  1850  bag  filtration 
was  used  for  collecting  zinc  oxide.  Around  1876  it  was  introduced  for 
collecting  the  fume  from  lead-ore  hearth  smelting  in  Missouri.  Shortly 
afterward  it  was  used,  first  at  Portland,  Me.,  and  later  at  CafLon  City, 
Colo.,  for  the  collection  and  production  of  zinc-lead  pigment  in  treating 
mixed  zinc-lead  sulphides.  In  1890  the  Globe  Smelting  &  Refining  Co., 
at  Denver,  Colo.,  installed  a  bag  house  containing  1,458  bags  for  the  re- 
covery of  fume  from  silver-lead  blast  furnaces.  This  installation  was  too . 
small  to  handle  all  of  the  gases  and  was  increased  to  approximately 
2,300  bags.  In  1900  the  number  of  bags  was  again  increased,  making 
a  total  of  approximately  2,800. 

The  usual  difficulties  incident  to  new  installations  were  encountered, 
but  they  were  gradually  overcome  and  the  bag  house  became  accepted 
as  standard  practice  for  this  class  of  smelting.  As  all  of  the  bag  houses 
built  since  have  followed  the  general  lines  of  the  Globe  installation,  a 
short  description  may  be  of  interest. 

The  general  construction  of  the  Globe  bag  house  is  shown  in  Figs.  1, 
2,  and  3. 

The  building  is  149  ft.  8  in.  long  by  67  ft.  4  in.  wide  and  40  ft.  2  in. 
high  from  the  basement  floor  to  the  eaves  of  the  roof,  having  brick  walls 
26  in.  thick  from  the  foundation  up  to  the  thimble  floor,  from  there  an 
18-in.  wall  for  16  ft.  and  a  13-in.  wall  from  this  point  to  the  top,  a  distance 
of  14  ft.  2  in.  Additional  stiflfening  is  given  to  the  walls  above  the  base- 
ment by  pilasters  located  every  16  ft.  The  end-wall  construction  is  similar 
to  that  of  the  side  walls  with  the  exception  of  the  spacing  of  the  pilasters, 
which  is  somewhat  greater.  The  roof  is  made  of  corrugated  iron  laid  on 
1-in.  boards  and  supported  by  a  timber  frame  work  spaced  16  ft.  apart 
resting  on  the  basement  partition  walls.     On  top  is  a  louver  running  the 
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Fig.  1. — Elevation  and  Plan  of  Bag  House  of  Globe  Smelting  &  Refining 

Co.,  Denver,  Colo. 


Fig.  2. — Sectional  End  Elevation  of  Bag  House. 
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length  of  the  building  to  allow  the  gajs  to  escape.  The  basement  is  10  ft. 
high  and  divided  into  compartments  by  brick  walls  13  in.  thick  spaced 
8  ft.  apart,  made  tight  to  prevent  the  gases  from  interfering  with  the 
cleaning  out  of  the  fume  in  any  one  compartment  while  the  others  are  in 
operation.  These  walls  also  carry  the  thimble  floor  above,  which  is  made 
of  No.  10  gauge  sheet-iron  plates  riveted  together  as  nearly  gas  tight  as 
possible,  so  that  all  gas  entering  the  basement  will  be  forced  through  the 
thimble  floor  into  the  bags  above.  On  the  thimble  floor  are  fastened  the 
thimbles,  which  are  17  in.  in  diameter  and  10  in.  high,  made  of  No.  14 
gauge  sheet  iron,  with  a  head  at  the  top  to  attach  the  bag  and  a  flange  at 
the  bottom  for  riveting  to  the  floor  plate.  They  are  spaced  on  2  ft.  1  in. 
centers  and  arranged  as  shown  on  the  floor  plan.  To  these  thimbles  one 
end  of  the  bag,  which  is  31  ft.  long,  is  fastened  by  means  of  a  soft  iron  or 
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Fig.  3. — Detail  of  Thimble  Construction. 


copper  wire;  the  other  end  is  hung  by  means  of  a  similar  wire  fastened  to 
the  bag  and  then  given  several  turns  around  a  2  by  12  in.  plank  overhead 
which  runs  parallel  with  and  directly  over  each  row  of  thimbles.  These 
planks  are  carried  on  cross  timbers  resting  on  the  frame  work  which 
supports  the  roof.  The  bags  usually  begin  to  deteriorate  around  the 
thimbles.  As  this  takes  place  the  lower  end  of  the  bag  is  cut  off  and  the 
hanging  wire  at  the  top,  which  has  been  left  sufficiently  long  for  this 
purpose,  is  lengthened  out;  in  this  way  the  bag  may  still  be  used,  although 
slightly  decreased  in  filtering  area.  The  gas  is  drawn  from  the  furnaces 
through  the  flue  by  means  of  a  fan  and  discharged  into  a  flue  passing 
along  the  side  of  the  bag  house.  Short  connecting  flues  24  in.  in  diameter, 
equipped  with  gas-tight  dampers,  lead  the  gas  from  the  main  flue  into 
each  separate  compartment  in  the  basement.  The  thimble  floor  being  gas 
tight,  the  fumes  are  forced  up  into  the  bags,  the  gas  filtering  through  the 
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fabric  and  passing  out  through  the  louver  on  top  of  the  roof.  The  fume 
retained  in  the  bags  is  dislodged,  at  regular  intervals,  by  shaking,  and 
deposited  in  the  basement,  and  is  removed  through  the  basement  doors 
after  first  shutting  oflf  the  gas  from  that  compartment. 

The  ideal  filtering  material  is  a  thin  layer  of  absorbent  cotton,  but, 
owing  to  the  difficulty  of  cleaning  and  recovering  the  fume  without 
destroying  the  material  for  filtering  purposes,  it  is  impractical.  The  bags 
used  are  either  cotton  or  woolen,  and  while  various  other  substances  have 
been  experimented  with,  they  have  not  been  successful,  either  on  account 
of  excessive  cost,  or,  lacking  in  nap,  the  material  would  act  as  a  screen  and 
fail  to  abstract  the  solid  particles  from  the  gases.  Some  20  years  ago 
the  writer  treated  woolen  cloth  with  titanium  chloride.  This  treated 
material  filtered  as  well  as  untreated  cloth  and  resisted  the  corrosive 
effect  of  sulphuric  acid  to  a  point  where  the  condensed  acid  fully  saturated 
the  bag.  The  material  of  the  saturated  bag  then  either  clogged  up  and 
no  amount  of  shaking  would  dislodge  the  fume  and  all  filtering  ceased,  or, 
if  the  gases  were  low  in  fume  and  high  in  acid,  the  nap  of  the  cloth  would 
fold  up  on  the  strands  and  the  fumes  would  pass  through  without 
filtering. 

Cotton  bags  do  not  offer  as  great  a  resistance  to  the  corrosive  action  of 
acid  and  will  not  stand  as  high  temperatures  as  woolen.  It  is  difficult  to 
determine  from  the  analysis  of  the  gas  which  material  should  be  used,  as 
the  acid  contents  and  temperatures  of  the  gases,  particularly  from  an 
oxidizing  furnace,  are  liable  to  vary  greatly.  It  is  better  to  use  woolen 
bags  whenever  there  is  doubt.  As  woolen  bags  cost  from  three  to  four 
times  as  much  as  cotton,  they  must  last  correspondingly  longer. 

The  writer  recalls  seeing  all  the  bags  in  a  building  destroyed  within  30 
min.  This  happened  with  gases  from  a  converter  working  on  lead-bearing 
copper  mattes  and  occurred  on  the  finishing  blow  to  blister,  when  the 
lead  content  of  the  converter  charge  was  low — under  2  per  cent.  The 
converter  delivered  the  gases  into  a  brick  flue,  the  openic^  of  which  made 
a  snug  joint  with  the  converter  snout.  The  temperature  in  the  brick 
flue  back  of  the  converter  ranged  from  800°  to  1,300°  F.,  and  at  the 
discharge  end  of  this  brick  flue  the  temperature  ranged  between  400° 
and  700°  F.  In  this  range,  giving  the  proper  temperature — ^from  800° 
to  1,200°  F. — ^for  conversion,  by  contact,  of  sulphur  dioxide  to  sulphur 
trioxide,  the  amount  of  sulphur  trioxide  formed  was  in  excess  of  the  lead 
oxide  carried  by  the  gases;  the  surplus  acid  rapidly  destroyed  the  bags. 
This  was  overcome  by  enlarging  the  opening  in  the  flue,  also  an  opening 
with  a  damper  was  made  in  the  side  of  the  flue  close  to  the  point  where  the 
converter  discharged  into  it;  the  fan  was  speeded  up,  thus  diluting  and 
cooling  the  gases.  A  recording  thermometer  was  placed  in  the  flue  25  ft. 
from  the  converter,  and  600°  F.  was  the  maximum  reading  permitted  on 
this  thermometer.    The  dilution  of  the  gas  was  also  regulated  by  analyses, 
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never  allowing  the  sulphur  dioxide  content  of  the  gases  to  get  over  4  per 
cent.  It  had  formerly  run  as  high  as  9  per  cent,  on  the  finishing  blow. 
After  these  precautions  were  taken  a  set  of  cotton  bags  lasted  over  a  year. 

The  same  action  may  occur  on  concentrating  and  cupelling  furnaces 
where  the  only  sulphur  present  comes  from  the  fuel.  With  the  tempera- 
ture of  the  flue  as  noted  above,  the  conversion  of  sulphur  dioxide  into 
sulphur  trioxide  proceeds  rapidly  and  destroys  the  bags.  Fortunately, 
in  a  majority  of  these  cases  there  is  sufficient  lead  oxide  in  the  gases  to 
combine  with  the  sulphur  trioxide  formed,  rendering  it  harmless. 

Another  cause  for  the  corrosion  of  bags  is  the  presence  of  selenium. 
The  selenium  being  volatilized  and  passing  off  with  the  gases  as  an 
oxide,  upon  coming  into  contact  with  the  sulphur  dioxide  converts  the 
latter  into  sulphur  trioxide  with  the  production  of  selenium,  and  unless 
there  are  sufficient  bases  to  combine  with  the  sulphur  trioxide  produced 
the  bags  are  attacked. 

The  difficulties  of  an  accurate  determination  for  small  amounts  of 
sulphur  trioxide  in  the  presence  of  sulphur  dioxide  are  well  known,  and 
while  a  large  number  of  determinations  were  made,  they  were  used  for 
comparative  purposes  only. 

Exhaustive  tests  were  made  to  determine  the  critical  temperature  of 
cotton  and  woolen  bags.  The  fabrics  used  in  these  tests  were  cut  from 
the  cotton  and  woolen  bags  in  use  in  the  bag  house.  The  test  pieces  were 
cut  to  3  by  4  in.  and  were  pulled,  always  against  the  warp,  in  an  Olsen 
testing  machine.  In  making  a  test  for  any  given  temperature  and  period 
of  time,  a  piece  of  cloth  8  by  15  in.  was  cut  into  10  rectangular  pieces,  as 
shown  below. 
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The  pieces  bearing  the  odd  numbers  were  laid  aside  and  those  bearing 
the  even  numbers  were  placed  in  a  Freas  electric  oven,  which  was  kept  at 
the  proper  temperature  for  the  desired  period  of  time,  at  the  expiration  of 
which  they  were  removed  and  all  10  pieces  broken  in  the  Olsen  machine. 
In  most  cases,  especially  at  or  near  the  critical  points,  two  or  more,  and 
sometimes  as  many  as  five,  independent  tests  were  made.  All  told, 
something  more  than  1,000  test  pieces  were  pulled.  Individual  tests 
varied,  but  sufficient  work  was  done  to  make  the  results  given  below,  which 
are  averages,  correct. 
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Percentage  Loss  in  Tensile  Strength  Due  to  HeaMng 
Cotton  Cloth 


Temper  ature  of  | 
Oven,  Deg.  F.    I 


210 
216 
220 
225 
230 
235 
240 
245 
260 
265 
270 
280 


Ihr. 


0.3 
3.5 
5.3 
9.6 


Time  Pieces  were  Kept  in  Oven 
96  hr. 


24  hr. 


48  hr. 


144  hr. 


Per   cent,  j    Per  cent,    i    Per  cent. 


0.0 

0.0 

4.2 

5.25 

7.3 

12.1 

17  1 

20.7 


0  9 


Per  cent.       Per  cent. 


6.1 


0.0 
9.4 


Woolen  Cloth 


Temperature  of 
Oven,  Deg.  F. 


270 
275 
280 
285 
290 
295 
300 
355 
365 
370 
375 
385 


Ihr. 


Time  Pieces  were  Kept  m  Oven 


Per  cent. 


0.0 
0.0 
2.3 
4.4 
6.7 


24  hr. 

Per  cent. 
0.0 


0.0 

4.0 

10.7 


48  hr. 

Per  cent. 
0.0 


0.0 
0.0 
2.8 


96  hr. 

Per  cent. 
0.0 
0.3 
5.3 


144  hr. 

Per  cent. 
0.0 
3.2 
6.9 


Each  plant  has  its  favorite  brand  of  cloth,  which  is  required  to  have  a 
definite  number  of  strands;  in  cotton  cloth  these  vary  from  30  by  30  to 
48  by  48,  depending  upon  the  character  of  the  fume  to  be  filtered;  with 
woolen  cloth,  owing  to  the  longer  nap,  a  coarsr  weave  may  be  used,  and 
the  number  of  strands  is  usually  in  the  twenties.  The  woolen  cloth  should 
contain  the  natural  grease,  but,  as  the  manufacturers  object  to  this,  the 
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wool  is  usually  scoured  and  manufactured  into  cloth  and  the  grease  added. 
After  numerous  working  tests,  checked  by  the  laboratory,  the  following 
specifications  were  formulated  for  a  satisfactory  woolen  cloth: 

The  weight  is  to  average  12  oz.  per  yard  and  the  tensile  strength  is  to  be  not  less 
than  21.5  lb.  per  lineal  inch.  The  test  pieces  are  to  be  square,  3  i  in.  on  a  side,  and  the 
pull  is  to  be  against  the  warp.  The  fabric  is  to  contain  not  less  than  S5  per  cent, 
wool  fiber,  estimated  by  taking  the  difference  between  100  per  cent,  and  the  sum  of 
grease,  dirt,  moisture,  burrs,  and  cotton  fiber,  and  to  be  practically  free  from  vegetable 
matter  of  all  kinds.    The  weave  is  to  be  22  ends  by  20  picks  per  inch. 

Yarn  is  used  for  sewing  woolen  material.  Linen  thread  should  be 
used  for  cotton  bags,  usually  No.  40  Barbour*s  Irish  Linen,  with  a 
double  lap  seam,  and  lock  stitch  is  specified. 

There  is  a  diversity  of  opinion  as  to  the  necessity  of  ventilation  around 
the  bags,  but  the  consensus  of  opinion  is  that  good  ventilation  lengthens 
the  life  of  a  bag.  Some  plants  have  gone  to  the  extent  of  drawing  the 
gases  from  around  the  bags  with  a  fan  and  discharging  them  into  a  stack. 
An  iron  stack  4  ft.  6  in.  in  diameter  and  68  ft.  above  the  roof  has  proved 
satisfactory.  This  stack  takes  care  of  15,000  cu.  ft.  of  gas  per  minute  and 
maintains  a  draft  of  about  0.05  in.  of  water.  The  temperature  of  the 
gases  entering  this  stack  varies  from  110°  to  130°  F.  Diffusion  stacks 
after  the  Wislicenus  type  were  tried  for  converter  gases.  They  worked 
nicely,  but  the  rain  beating  through  the  openings  caused  rapid  deteriora- 
tion and  they  were  abandoned. 

The  number  of  bags  in  a  compartment  which  can  be  closed  off  from 
the  main  current  varies  greatly.  The  original  Globe  bag  house  contained 
81  bags.  Some  smelting  works  have  as  many  as  a  thousand  bags  in  a 
compartment.  As  most  bag  houses  are  run  continuously,  one  or  two 
compartments  are  usually  cut  out  for  cleaning,  shaking,  etc.,  and  it  is 
therefore  better  that  a  unit  be  of  such  size  as  not  to  have  too  lai^e  a 
percentage  of  the  filtering  area  cut  out  when  one  or  more  compartments 
are  closed  off. 

The  filtering  area  or  bag  surface  necessary  to  handle  a  given  amount  of 
gas  is  entirely  dependent  upon  conditions,  and  what  is  ample  in  one  case 
may  be  insufficient  in  another.  The  area  necessary  is  not  only  dependent 
upon  the  volume  of  gases,  but  upon  the  amount  of  solids  per  cubic  foot, 
the  stronger  or  weaker  adhesion  of  the  fume  to  the  filtering  material, 
and  the  number  of  times  the  bags  are  shaken  in  24  hr. 

Few  smelters  accurately  measure  the  volume  of  gases  being  handled, 
but  use  the  manufacturer's  rating  of  the  fan  at  the  different  speeds.  As 
this  depends  upon  character,  resistance,  temperature,  etc.,  of  the  flue 
to  the  fan,  and  the  same  variable  factors  on  the  discharge  end  of  the  fan, 
the  rated  amount  is  not  always  delivered.  Comparing  performances  of 
bag  houses  with  fan  rating,  one  bag  house  could  be  cited  in  which  each 
bag  is  filtering  130  cu.  ft.  of  gas  per  minute  and  recovering  5  lb.  of  fume 
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per  bag  per  day,  with  bags  shaken  once  in  24  hr.,  and  another  in  which 
each  bag  filters  70  cu.  ft.  of  gas  per  minute  and  recovers  27  lb.  of  fume  per 
day,  with  bags  shaken  eight  times  during  that  period. 

In  dislodging  the  adhering  fume  from  the  bags,  hand  shaking,  when 
done  properly,  gives  the  best  results,  but  it  is  a  slow  and  disagreeable 
task  and  is  being  replaced  by  various  mechanical  shakers.  This  mechan- 
ical shaking  is  accomplished  by  striking  the  inflated  bag  lengthwise; 
quickly  jerking  the  deflated  bag  up  and  down;  swinging  back  and  forth; 
or  a  combination  of  the  two  motions.  Another  method  is  to  reverse 
the  flow  of  the  gas  through  the  bags  by  means  of  an  individual  fan  or  by 
a  second  connection  between  each  compartment  and  the  suction  side  of 
the  main  fan.  The  best  results  were  obtained  with  the  arrangement 
shown  in  Fig.  4.     In  this  arrangement  we  have  the  combination  of  the 
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Fig.  4. — Bag-Shaking  Device. 


up-and-down  and  the  back-and-forth  motions.  The  bags  in  each  row 
are  hung  from  a  2-in.  pipe,  which  in  turn  is  supported  from  above  by 
hangers  spaced  about  8  ft.  apart  and  21  in.  long.  The  ends  of  the  pipe 
pass  through  cast-iron  spools  placed  in  the  walls,  with  holes  in  them 
sufficiently  large  to  allow  for  the  up-and-down  motion  caused  by  the 
swinging  around  the  21-in.  radius.  On  the  ends  of  this  pipe  are  placed 
collars,  one  on  each  side  of  the  cast-iron  spool,  and  set  for  8-in.  stroke. 
A  lever  is  fastened  to  one  end  of  the  pipe,  which;  when  pulled  quickly 
back  and  forth,  gives  the  bags  an  up-and-down  as  well  as  a  back-and- 
forth  motion,  and  on  coining  up  sharp  against  the  collars  also  produces  a 
sudden  jar  which  assists  in  dislodging  the  fume  from  the  bags.  This 
device  when  handled  properly  will  lower  the  pressure  in  the  bags  to  0.15 
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in.  of  water.  Good  hand  shaking  will  lower  the  pressure  to  0.10  in.  or 
slightly  less. 

It  is  important  that  the  bags  are  so  hung  that  when  inflated  they 
will  stand  straight;  otherwise,  upon  shaking,  the  fune  will  collect  around 
the  thimble  top,  distorting  the  bottom  of  the  bag  and  thus  obstructing 
the  flow  of  the  gases  into  the  bag,  at  the  same  time  putting  an  undue 
strain  upon  the  bag  at  this  point. 

Fume  from  blast  furnaces  carries  enough  sulphides  and  finely  divided 
carbon  to  bum.  The  burned  material,  after  moistening  thoroughly,  can 
be  handled  safely.  Sluicing  the  fume  from  the  compartment  promises  to 
be  the  quickest  and  most  sanitary  method,  but  filter  pressing  and  the 
large  amount  of  moisture  left  in  the  cake  are  objectionable.  In  any  case, 
cleanliness  should  be  demanded  from  all  employees  and  no  scattering 
of  fume  should  be  permitted  around  a  bag  house. 

Bag  filtration,  with  its  high  percentage  recovery  of^fume,  diffusion 
of  gases,  and  simplicity  of  operation,  is  very  satisfactory,  and  the  bag 
house  has  well  proved  its  worth  to  the  lead  smelter.  Credit^for  its  in- 
troduction into  this  branch  of  metallurgy  is  due  Dennis  Sheedy,  Manager, 
and  Dr.  M.  W.  lies,  Superintendent,  of  the  Globe  Smelting  &  Refining  Co. 
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[subject  to  reyibion] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  prwented  in  person  at  the 
Salt  Lake  meeting,  August,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y..  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1, 1914.  Any  diwuBsion 
ofTered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Ajo  Copper-Mining  District 

BY  IRA  B.  JORALEMON,   WARREN,  ARIZ. 
(Salt  Lake  Meeting,  August.  1914) 

The  Ajo  copper  district  is  in  the  heart  of  the  Arizona  desert,  near  the 
western  boundary  of  Pima  county.  Gila  Bend,  the  nearest  raikoad  point, 
is  43  miles  north  of  the  camp,  and  the  little  Mexican  border  townof  Sonoita 
is  30  miles  south.  Between  Gila  Bend  and  Sonoita,  Ajo  is  the  only 
settlement  save  for  one  or  two  small  cattle  ranches  and  the  uncertain 
villages  of  nomadic  Papago  families. 

The  Little  Ajo  mountains  rise  a  few  hundred  feet  above  wide  desert 
valleys,  beyond  which  are  lava  mesas.  The  camp  itself  lies  at  an  eleva- 
tion of  about  1,900  ft.  above  sea  level,  in  a  little  basin  on  the  east  side  of 
the  range,  separated  from  the  open  desert  by  low  hills.  In  the  center  of 
the  basin  the  brilliantly  iron  and  copper  stained  rocks  of  Copper  moun- 
tain rise  150  ft.  above  the  village.  Many  varieties  of  cactus  and  low 
desert  bushes  cover  the  hills,  while  in  the  large  valleys  there  are  clusters 
of  mesquite,  paloverde,  and  ironwood  trees  which  furnish  limited  amounts 
of  fairly  good  fuel.  A  scanty  supply  of  water  is  obtained  from  wells  in 
the  desert  and  from  prospect  pits  in  the  camp.  The  nearest  abundant 
source  of  water  is  the  Gila  river,  50  miles  north  of  Ajo.     (See  Fig.  1.) 

History  of  the  Ajo  District 

The  Ajo,  next  to  Santa  Rita,  New  Mexico,  is  claimed  to  have  been  the 
first  copper  district  in  the  Southwest  worked  by  Americans.  In  the  '60's 
or  even  earlier  high-grade  native  copper  and  cuprite  ore  was  mined  from 
shallow  surface  workings  and  hauled  by  bull  team  400  miles  across  the 
desert  to  San  Diego.  From  there  it  was  carried  in  sailing  ships  to  Swan- 
sea, Wales.  Later,  the  ore  was  hauled  to  Yuma,  floated  down  the 
Colorado  river  to  the  Gulf  of  California,  and  shipped  to  Swansea.  Bat- 
infested  old  workings  and  the  massive  axles  of  the  bull  carts  are  shown  to 
prove  the  truth  of  the  stories. 

From  this  early  period  until  the  beginning  of  the  present  century,  the 
Ajo  district  was  worked  only  in  a  casual  and  intermittent  way.  With  the 
increased  interest  in  copper  mining  during  the  past  decade,  the  brilliant 
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surface  showing  at  Ajo  furnished  an  ideal  basis  for  stock  companies.  A 
succession  of  reorganizations  and  new  stock  issues  resulted  in  little  under- 
ground development,  and  the  greatest  depth  reached  in  the  two  or  three 
years  of  activity  was  hardly  more  than  100  ft.  Rich  bomite  and  chalco- 
cite  ore  was  shipped  from  several  small  veins,  and  stamp  mills  with  con- 
centrating tables  were  installed  to  treat  lower-grade  ores.  But  the  long 
dry  haul  to  the  railroad  made  the  shipment  even  of  rich  ore  and  con- 


FiG.  1. — Map  op  Soxtthern  Arizona. 


centrates  hardly  profitable.  In  an  effort  to  avoid  the  cost  of  freighting 
ore,  one  of  the  companies  fell  a  prey  to  the  promoters  of  patent  processes. 
The  McG^mn  vacuum  smelter  and  a  complicated  hydrofluoric  acid 
leaching  plant  still  stand  as  monuments  to  the  hopes  of  disappointed 
stockholders.  The  end  of  this  period  in  the  life  of  the  district  came  with 
the  panic  of  1907,  when  the  final  products  of  the  reorganizations — the 
New  Cornelia  Copper  Co.  and  the  Rendall  Ore  Reduction  Co. — ^were 
forced  to  close  down. 
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The  Ajo  camp  enjoyed  a  second  short-lived  boom  in  the  winter  of 
1909-1910.  The  Lewisohn  interests  secured  an  option  on  the  New 
Cornelia  Copper  Co.,  and  Seeley  W.  Mudd  and  associates  optioned  the 
Rendall  Ore  Reduction  Co.  Diamond  drilling  and  underground  work  were 
started  on  the  New  Cornelia  property,  and  chum  drilling  and  underground 
work  on  the  Rendall.  Many  engineers  came  to  examine  or  buy  smaller 
properties,  and  claims  were  located  for  miles  in  all  directions.  Since 
the  drilling  did  not  give  satisfactory  results,  both  options  were  soon  given 
up.  The  camp  returned  to  a  moribund  condition,  and  until  the  fall 
of  1911  no  work  was  carried  on  save  for  a  little  leasing  on  small  high-grade 
surface  veins. 

Nearly  all  of  this  early  work  was  in  the  lower  ground  surrounding  the 
hard  silicified  outcrops  of  Copper  moimtain.  A  few  shallow  holes  on 
Copper  mountain  had  developed  low-grade,  very  siliceous  malachite  ore, 
and  three  or  four  deeper  holes  had  penetrated  below  the  carbonate  zone 
to  a  disseminated  chalcopyrite  and  bornite  ore  assaying  from  2  to  4  per 
cent,  copper.  Both  the  carbonate  and  the  sulphide  ores  were  so  unusual 
in  character  that  it  was  doubtful  if  they  could  be  treated  with  profit  by 
processes  in  common  use  even  if  large  orebodies  existed. 

In  the  fall  of  1911  the  Calumet  &  Arizona  Mining  Co.,  John  C. 
Greenway,  General  Manager,  took  an  option  on  all  the  available  stock  of 
the  New  Cornelia  Copper  Co.,  and  started  diamond  drilling  to  prove 
more  thoroughly  what  lay  beneath  the  highly  stained  outcrops  of  Copper 
mountain.  As  work  progressed  favorably,  test-pitting  was  started  to 
increase  the  speed  of  development  and  to  check  the  results  of  drilling. 
Later,  drifting  was  done  in  the  sulphide  zone  to  prove  the  continuity  of 
ore  between  drill  holes.  This  work  has  shown  that  the  silicified  iron  and 
copper  stained  hills  are  the  outcrop  of  a  great  low-grade  copper  orebody, 
covering  an  area  of  about  55  acres  and  reaching  a  maximum  depth  of  over 
600  ft.  below  the  surface. 

After  this  development  was  begim,  options  were  taken  on  the  property 
of  the  Rendall  Ore  Reduction  Co.  by  James  Phillips,  Utley  Wedge  and 
others  under  the  name  of  the  Ajo  Copper  Co.,^nd  on  the  Childs  group  of 
claims,  between  the  New  Cornelia  and  the  Rendall  properties,  by  repre- 
sentatives of  the  United  States  Smelting,  Refining  &  Mining  Co.  The 
latter  option  was  given  up  after  a  few  churn-drill  holes  had  been  sunk. 
The  Phillips  interests  still  hold  the  old  Rendall  property,  but  are  not  at 
present  doing  any  development. 

Geology 

Except  for  a  local  conglomerate,  all  the  rocks  in  the  Ajo  district  are 
igneous,  and  there  is  nothing  to  indicate  the  geologic  ages.  The  earliest 
formation  exposed  is  a  series  of  rhyolite  lava,  breccia,  and  tuff  beds. 
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These  vary  from  white  hard  rhyolite  to  reddish,  soft,  coarse  volcanic  tuff, 
with  the  hard  rhyolite  beds  usually  near  the  bottom  of  the  series.  Next 
in  age  is  an  intrusion  of  monzonite  porphyry,  which  cuts  and  uplifts  the 
rhyolite.  In  the  center  of  the  district,  the  porphyry  is  a  coarse  quartz- 
monzonite,  with  large  orthoclase,  plagioclase,  and  biotite  crystals,  and 
small  variable  amounts  of  quartz.  The  ground  mass  between  crystals 
is  generally  white  feldspar.  This  variety  of  the  porphyry  is  distinguished 
by  the  pinkish  orthoclase  crystals.  Further  north,  the  porphyry  grades 
to  a  granitic  type,  with  less  of  the  soda-lime  feldspar,  and  much  white 
orthoclase,  biotite,  and  quartz.  In  the  eastern  part  of  the  intrusion,  the 
porphyry  is  finer  grained  and  darker,  without  the  pink  feldspars.  All 
through  the  porphyry  mass  there  are  local  variations  ranging  from  a  fine- 
grained dark  diorite  to  nearly  white  granite  porphyxy.  Probably  several 
minor  intrusions  closely  followed  the  principal  one,  though  the  later  dikes 
can  seldom  be  distinguished  either  on  the  surface  or  in  diamond-drill  cores. 

After  the  monzonite  came  a  few  dikes  of  diorite  or  diabase  porphyry, 
usually  dark  gray  in  color,  with  square  crystals  of  white  feldspar  in  a 
very  fine-grained  ground  mass.  These  are  probably  allied  with  the  great 
mass  of  Tertiary  andesite  and  basalt  lava  flows  which  cover  hundreds  of 
square  miles  of  the  surrounding  desert  region.  This  lava  surrounds  the 
Little  Ajo  mountains  on  all  sides,  beyond  desert  valleys,  and  small  out- 
crops of  it  are  left  above  the  desert  wash  immediately  northeast  of  the 
district.  Probably  at  one  time  it  covered  the  whole  country.  In  a 
drilled  well  in  the  valley  6  miles  northeast  of  Ajo,  the  thickness  of  andesite 
and  basalt  lava  flows  has  been  proved  to  be  over  1,200  ft. 

The  most  recent  rock  found  at  Ajo  is  a  coarse  conglomerate  which  lies 
between  the  hills  and  the  valley  to  the  east  and  south.  The  fragments 
in  this  conglomerate  are  rhyolite  and  monzonite,  and  the  cementing 
material  is  limonite  and  silica,  with  traces  of  malachite.  The  age  relation 
between  the  conglomerate  and  the  Tertiary  lava  flows  is  not  certain. 
Evidently  the  conglomerate  is  a  local  result  of  rapid  erosion  of  the  mineral- 
ized rhyolite  and  monzonite  of  Copper  mountain,  formed  by  the  cement- 
ing by  iron  and  silica  bearing  surface  waters  of  rocks  washed  down  the 
steep  mountain  side. 

The  only  great  alteration  of  the  rocks,  other  than  that  accompanying 
the  mineralization,  is  along  rhyolite-monzonite  contacts.  Here  the  mon- 
zonite becomes  much  finer  grained,  and  certain  rhyolite  beds  have  been 
recrystallized  into  speckled,  fine-grained,  gray  crystalline  rocks.  The 
recrystallized  rhyolite  is  sometimes  hard  to  distinguish  from  fine-grained 
varieties  of  monzonite,  especially  where  inclusions  of  rhyolite  in  monzo- 
nite are  completely  recrystallized.  In  the  eastern  part  of  the  basin,  the 
recrystallization  of  occasional  beds  of  rhyolite  strongly  suggests  dikes 
of  fine-grained  crystalline  rock  following  rhyolite  bedding. 
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The  most  important  feature  of  the  geologic  structure  is  the  large  lac- 
colith or  batholith  of  monzonite  porphyry,  which  uplifted  the  older 
rhyolite  beds  to  form  a  dome.  The  crest  of  the  dome  was  eroded  away 
at  a  fairly  recent  time.  This  porphyry  mass  is  8  or  10  miles  long  by  from 
1  to  4  miles  wide,  with  the  long  axis  extending  N.  20**  W.  The  northern 
part  of  the  intrusion  forms  high  rocky  hills  north  of  the  Ajo  basin.  The 
southern  end  forms  Copper  mountain,  in  the  center  of  the  basin.  The 
copper  deposit  occurs  in  this  southern  part  of  the  monzonite,  where  the 
axis  of  the  laccolith  is  plimging  to  the  southeast  beneath  the  rhyolite. 
On  top  of  Copper  mountain,  the  small  remnants  of  rhyolite  lie  fairly  flat. 
On  the  west  flank  of  the  intrusion  the  dip  of  the  rhyolite  is  steeply  to  the 
southwest,  while  the  beds  on  the  east  flank  dip  to  the  southeast  at  an 
angle  of  about  20°.  The  pitch  to  the  south  of  the  domed  rhyolite  beds 
is  fairly  steep.    All  of  the  contacts  are  irregular. 

Copper  mountain  and  the  Ajo  basin  surrounding  it  are  thus  formed 
by  the  monzonite  and  by  the  contact  beds  of  rhyolite.  East  and  west 
of  the  basin  are  hills  of  rhyolite  lava,  breccia,  and  tuflf,  with  flat-lying  beds 
of  andesite  lava  and  basalt  in  the  distance,  usually  beyond  gravel-filled 
valleys.  South  of  the  basin  a  large  body  of  the  red-brown  conglomerate 
stretches  away  to  the  dark  andesite  and  basalt  mass  of  Black  mountain. 

There  are  many  inclusions  of  rhyolite  within  the  monzonite,  and  dikes 
or  irregular  intrusions  of  monzonite  break  up  through  the  rhyolite, 
especially  east  of  Copper  mountain.  Diorite  or  diabase  dikes  cut  both 
monzonite  and  rhyolite,  but  apparently  have  had  no  important  effect  on 
structure  or  mineralization. 

Both  the  monzonite  and  the  rhyolite  near  it  are  thoroughly  shattered 
by  fractures  which  run  in  all  directions.  While  some  of  these  fractures 
are  accompanied  by  considerable  gouge,  and  may  be  faults  of  some  im- 
portance, most  of  them  can  be  traced  for  only  a  short  distance,  and  are 
probably  contraction  fissures.  In  any  portion  of  the  porphyry  there  is 
generally  a  well-marked  direction  of  strongest  fracturing,  but  in  the  por- 
phyry mass  as  a  whole  no  such  generalization  can  be  made. 

The  somewhat  idealized  east-west  sections  (Fig.  2)  show  the  most 
important  points  in  the  geologic  structure  of  the  Ajo  basin. 

MlNERAXIZATION 

The  Disseminated  Orebody 

The  mineralization  in  the  Ajo  district  has  formed  a  low-grade  dis- 
seminated copper  deposit  with  higher-grade  veins  in  the  monzonite,  and 
narrow  rich  veins  in  the  adjoining  rhyolite.    In  the  monzonite,  the  dis- 
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seminated  deposit  has  a  roughly  pear-shaped  outline,  with  the  neck  of 
the  pear  to  the  south.  The  outline  of  the  orebody  agrees  almost  exactly 
with  that  of  Copper  mountain  and  of  the  silicified,  ironnstained  hills  north 
of  the  mountain.  The  area  covered  by  the  orebody  is  about  55  acres. 
The  depth  of  the  ore  varies  greatly.    Around  the  outskirts  of  the  c.  ', 

it  often  extends  less  than  50  ft.  below  the  surface,  while  in  the  center  drill 
holes  from  400  to  600  ft.  deep  have  not  found  the  bottom  of  the  ore.  In 
vertical  section  the  deposit  has  the  form  of  a  gigantic  elongated  mush- 
room, the  stem  of  which  reaches  below  any  point  yet  reached  in  drill- 
ing. The  accompanying  vertical  sections  give  a  fair  idea  of  the  form  of 
the  orebody. 

Unlike  Bingham,  Ely,  Santa  Rita,  and  other  low-grade  camps,  in 
which  the  copper  is  in  the  form  of  chaJcocite,  the  disseminated  ore  in  the 
Ajo  district  is  a  mineralization  of  the  porphyry  with  chalcopyrite  and 
bomite.  Within  the  orebody,  the  monzonite  is  thoroi^hly  shattered  by 
a  network  of  fractures.  While  the  larger  breaks  often  run  about  N.  20**  W., 
parallel  with  the  axis  of  the  intrusion,  other  fractiu-es  have  all  possible 
directions.  Along  many  of  the  fractiu-es  there  are  quartz  veins  from 
J  in.  to  1  ft.  or  more  wide.  Between  these  veins  the  monzonite  is 
more  or  less  silicified,  being  often  completely  replaced  by  quartz.  With 
the  quartz,  chalcopyrite  and  bomite  were  introduced  into  the  mass,  both 
in  narrow  seams  or  films  along  fractures  and  as  very  small  flakes,  dis- 
seminated through  the  porphyry.  In  most  cases  both  the  disseminated 
sulphides  and  those  in  seams  or  veinlets  are  required  to  bring  the  ore  up 
to  commercial  grade.  Within  the  main  portion  of  the  orebody  pyrite  is 
entirely  absent  or  is  present  only  in  very  small  quantities.  Chalcocite 
is  rarely  found  except  in  very  thin  films  just  below  the  water  level. 
There  is  a  small  and  variable  amoimt  of  ms^netite  disseminated  through 
the  ore.  This  is  apparently  earlier  than  the  copper  minerals,  and  may 
be  an  accessory  original  constituent  of  the  rock. 

Along  some  of  the  larger  fractiu'es  the  seams  of  bornite  and  chal- 
copyrite widen  to  veins  an  inch  or  more*  across.  Where  several  of  these 
veins  lie  close  together  and  parallel,  there  are  bands  of  ore  from  10  to 
over  100  ft.  wide,  assaying  from  3  to  5  per  cent,  copper.  The  grade  of 
the  ore  in  general  is  exceedingly  variable,  changing  abruptly  from  slightly 
mineralized  porphyry  containing  less  than  0.5  per  cent,  copper  to  ore 
assaying  over  3  per  cent.  As  would  be  expected,  the  richer  ore  is  in  the 
more  thoroughly  fractured  portions  of  the  porphyry.  The  divisions  of 
rich  and  lean  material  are  often  in  more  or  less  parallel  bands,  following 
in  any  part  of  the  orebody  the  general  direction  of  fracturing  at  that  point. 
Since  the  bands  are  so  narrow  and  irregular  that  the  richer  ore  could  not 
be  sorted  out  without  excessive  expense,  the  whole  mass  has  been  consid- 
ered as  a  solid  orebody,  the  grade  of  which  is  lowered  by  the  lean  material 
included  in  it. 
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Sulphide  Ore  Pribiary 

While  in  diifferent  parts  of  the  orebody,  and  often  within  a  few  feet, 
the  relative  proportions  of  chalcopyrite  and  bomite  vary  greatly,  on  the 
whole  the  two  minerals  continue  in  approximately  the  same  proportions 
in  the  deepest  ore  developed  as  in  that  a  few  feet  below  the  oxidized  zone. 
In  the  deepest  ore  there  is  no  indication  of  any  action  by  circulating  sur- 
face waters.  The  general  occurrence  of  the  chalcopyrite  and  bomite 
seems  to  indicate  that  both  minerals  were  formed  during  the  original 
mineralization,  and  were  not  at  all  due  to  enrichment  by  solutions  de- 
scending from  the  surface.  L.  C.  Graton  has  examined  in  polished  section 
some  of  the  richer  bomite  ore  from  the  New  Cornelia  orebody,  and  con- 
cludes that  the  bomite  and  chalcopyrite  are  both  primary.^  The  varia- 
tions in  grade  are  due  to  differences  in  the  intensity  of  the  original  mineral- 
ization, not  to  any  effect  of  surface  enrichment.  In  this  fact  lies  the  chief 
difference  between  the  New  Cornelia  orebody  and  the  disseminated  depos- 
its now  being  mined  in  other  districts. 

Boundaries  of  Orebody  CoBiMERciAL 

The  boimdaries  of  the  orebody  at  Ajo  are  generally  commercial.  On 
the  southwest  side,  the  ore  in  the  monzonite  extends  to  the  contact  with 
the  overlying  rhyolite.  In  places  the  rhyolite  beds  for  some  distance 
from  the  contact  are  mineralized  strongly  enough  to  form  an  ore  of  com- 
mercial grade.  But  more  often  the  mineralization  in  the  rhyolite  is 
confined  to  narrow  films  of  chalcopyrite  and  bomite  on  joint  planes,  and 
the  grade  of  the  material  is  under  1  per  cent.  East  of  the  orebody,  the 
change  from  ore  to  lean  material  is  caused  not  so  much  by  a  decrease  in 
the  amoimt  of  mineralization  as  by  a  change  from  chalcopyrite  and  bom- 
ite to  pjrite.  There  is  less  silicification  in  the  pyritic  porphyry  than  in 
the  ore,  and  the  dioritic  type  of  porphyry  is  more  common.  West  and 
northwest  of  the  ore,  the 'change  from  commercial  ore  to  material  too 
lean  to  be  considered  ore  is  caused  generally  by  a  decrease  in  the  amount 
of  chalcopyrite,  bornite,  and  quartz,  with  no  great  change  in  the  char- 
acter of  the  mineralization.  West  of  the  ore,  the  porphyry  changes  from 
the  typical  monzonite  to  a  dioritic  phase,  while  to  the  north  there  is  a 
gradation  to  a  more  granitic  porphyry. 

Below  the  outer  portions  of  the  orebody,  where  the  bottom  of  the 
ore  has  been  developed,  drill  cores  show  that  the  ore  gives  place  to  less 
fractured,  less  highly  silicified  monzonite,  containing  very  little  chalcopy- 
rite and  bornite.  Occasionally  a  sudden  change  to  a  more  acid  or  more 
basic  variation  of  the  porphyry  is  accompanied  by  a  drop  from  ore  to  lean 


^L.  C.  Graton:  The  Sulphide  Ores  of  Copper,  Trans.,  xlv  (1913),  Figs.  18  and 
26,  pp.  75  and  79;  also  private  communication. 
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material.  The  association  of  the  ore  with  the  normal,  coarse-grained 
monzonite  is  very  noticeable.  Since  the  variations  in  the  rock  seem 
too  slight  to  have  had  any  selective  influence  on  the  precipitation  of 
metallic  minerals,  it  is  probable  that  the  formation  of  the  coarse  mon- 
zonite type  of  porphyry  and  the  deposition  of  the  ore  were  both  dependent 
on  the  conditions  existing  at  the  top  of  the  intrusive  mass,  below  the 
uplifted  rhyolite. 

SuBFACB  Alteration 

The  result  of  alteration  by  surface  waters  at  Ajo  is  entirely  unlike  that 
in  other  low-grade  copper  districts.  Instead  of  having  an  oxidized  cap- 
ping from  which  nearly  all  the  copper  content  has  been  leached,  the  sul- 
phide ore  is  capped  by  crushed,  sUicified  monzonite,  shot  through  with 
seams  and  stains  of  malachite,  limonite,  hematite,  and  a  little  chryso- 
coUa.  The  rock  is  still  hard,  though  the  feldspars  are  kaolinized  to  a 
greater  or  less  extent.  Often  kaolinized  feldspar  crystals  are  stained 
bright  green  by  malachite.  The  actual  surface  of  the  hills  is  tinted  by 
iron  oxides  a  deep  red  brown,  with  brilliant  copper  staining  in  protected 
places  under  the  cliffs  and  wherever  the  surface  rock  has  been  shot  away. 
Over  an  area  of  30  or  40  acres  it  is  hard  to  find  even  a  small  piece  of  rock 
which  on  breaking  does  not  show  copper  stains  and  seams  of  malachite. 
While  there  is  a  little  chrysocolla  in  veinlets,  and  occasionally  cuprite, 
chalcocite,  and  bomite  in  richer  veins,  it  is  safe  to  say  that  over  85  per 
cent,  of  the  copper  in  the  oxidized  zone  is  in  the  form  of  malachite.  Now 
and  then  disseminated  chalcopyrite  and  bornite  are  left  unaltered  in  hard 
ore  between  fractures.  But  such  remnants  of  sulphides  are  unimportant 
compared  with  the  great  mass  of  carbonate  ore. 

As  in  the  case  of  sulphide  ore,  the  assay  value  of  the  carbonate  ore 
varies  greatly.  Rich  and  lean  bands  alternate.  Sometimes,  along  large 
fractures,  the  rock  is  softened  and  leached,  with  less  copper  than  in  the 
adjoining  harder  rock.  But  more  commonly  the  variation  in  values  is  not 
accompanied  by  any  change  in  the  degree  of  alteration  of  the  rock.  On 
the  average,  the  copper  content  of  the  oxidized  zone  is  constant  from  the 
surface  to  the  bottom  of  the  zone,  and  is  almost  exactly  the  same  as  that 
of  the  underlying  sulphide  ore. 

The  oxidized  ore  continues  down  to  an  almost  horizontal  plane,  about 
20  ft.  below  the  deepest  arroyos  and  150  ft.  below  the  highest  hills.  The 
remarkable  regularity  of  the  dividing  line  between  sulphide  and  carbonate 
ore  is  shown  by  the  vertical  section.  This  line,  or  rather  plane  of  demarca- 
tion, agrees  almost  exactly  with  the  present  ground-water  level.  The 
transition  from  carbonate  to  sulphide  ore  is  very  abrupt.  Generally 
drill  cores  show  less  than  5  ft.  of  partly  oxidized  ore,  the  classification 
of  which  is  doubtful.  Occasionally,  where  leaching  is  unusually  great 
along  large  fractureSi  bands  of  carbonate  and  sulphide  ore  alternate  ior 
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15  or  20  ft.  vertically.  But  on  the  whole,  the  amount  of  sulphide  ore 
above  the  plane,  or  of  carbonate  ore  below  it,  is  very  small.  There  is 
also  no  appreciable  enrichment  at  the  top  of  the  sulphide  zone,  with  a  few 
local  exceptions.  This  sudden  change  on  a  horizontal  plane  from  car- 
bonate to  sulphide  ore  will  greatly  simplify  both  the  mining  and  the  treat- 
ment of  the  New  Cornelia  ore. 

East  of  the  orebody,  where  the  disseminated  copper  sulphides  give 
place  to  pyrite,  the  oxidation  extends  to  practically  the  same  horizontal 
plane  at  water  level.  The  character  of  the  oxidized  zone,  however,  is 
entirely  diflferent.  Instead  of  being  hard  and  siliceous,  the  rock  is  soft, 
with  much  kaolin  and  soft  yellow  limonite.  Copper  staining  is  compara- 
tively slight.  Instead  of  standing  up  in  bold  brown  and  green  clififs,  the 
outcrops  are  reddish  and  form  valleys  or  low  hills.  The  oxidized  zone 
contains  much  more  limonite  and  alumina,  but  less  silica  and  very  little 
copper.  At  the  top  of  the  lean  pyritic  material  there  is  a  5  or  10  ft.  zone 
of  enriched  chalcocite  ore  assaying  from  1.5  to  3  per  cent,  copper.  In 
short,  the  conditions  in  this  part  of  the  Ajo  basin  are  almost  exactly 
similar  to  those  in  the  great  disseminated  chalcocite  districts,  except  that 
the  primary  mineralization  was  too  lean  in  copper,  or  the  leached  zone 
was  too  shallow,  to  form  an  enriched  orebody  of  commercial  size. 

Veins  in  Rhyolite 

It  was  not  the  low-grade  orebody,  but  the  rich  veins  in  the  surrounding 
rhyolite,  which  first  led  to  the  exploitation  of  the  Ajo  district.  One 
strong  vein  outcrops  on  the  Quien  Sabe  claim  of  the  New  Cornelia  Copper 
Co.,  on  the  lower  slopes  of  Arkansas  mountain,  and  four  or  five  veins  have 
been  partly  developed  on  the  Ajo  Copper  Co.  property.  Rich  mala- 
chite and  cuprite  ore  from  6  in.  to  3  ft.  wide  outcrops  in  these  veins,  which 
follow  steep  fractures  in  hard,  slightly  iron  and  copper  stained  rhyolite. 
High-grade  cuprite  and  copper-glance  ore,  with  a  little  native  copper, 
was  encountered  a  few  feet  below  the  surface.  At  a  depth  of  about  50  ft., 
the  glance  begins  to  give  place  to  bornite.  Usually  the  center  of  the 
vein  is  very  rich  bornite  and  chalcocite  ore  from  1  in.  to  4  or  5  ft.  wide, 
and  on  both  sides  of  this  high-grade  streak  the  shattered  rock  contains 
stringers  of  bornite  and  chalcocite,  which  make  it  a  good  concentrating 
ore.  In  the  early  operations  in  the  district,  considerable  stoping  was  done 
in  several  of  the  veins  to  a  maximum  depth  of  over  100  ft.  The  stopes 
are  seldom  more  than  6  ft.  wide,  and  the  large  dumps  show  that  much  of 
the  material  taken  from  stopes  was  too  low  grade  to  treat  with  profit. 
In  the  Ajo  Copper  Co.  property,  one  rich  bornite  vein  from  1  to  3  ft. 
wide  was  developed  for  nearly  300  ft.  down  the  dip.  The  high-grade 
stringer  continues  to  the  bottom,  but  the  mineralization  of  the  walls 
appears  to  decrease  in  depth. 
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Most  of  the  veins  are  associated  for  at  least  part  of  their  length  with 
dikes  of  monzonite,  which  tend  to  widen  with  depth.  The  monzonite 
adjacent  to  the  veins  is  often  mineralized  enough  to  form  a  2  or  3  per  cent, 
ore,  with  values  in  malachite  near  the  surface,  and  in  chalcocite  and  bor- 
nite  below  a  depth  of  50  to  75  ft.  In  one  or  two  places,  lenses  of  this  dis- 
seminated ore  in^monzonite  dikes  reach  a  width  of  over  50  ft.,  and  promise 
to  yield  a  considerable  tonnage.  They  have  as  yet  not  been  developed 
enough  to  prove  how  deep  the  ore  will  continue,  and  whether  or  riot  they 
are  of  great  importance. 

Genesis  of  Ore  and  Geologic  History 

The  genesis  and  geologic  history  of  the  Ajo  ore  seem  unusually  easy  to 
trace.  After  the  monzonite  intrusion  had  uplifted  the  rhyolite,  the  slow 
cooling  of  the  porphyry  was  accompanied  by  considerable  contraction. 
This  resulted  in  a  thorough  jointing  and  Assuring  of  the  monzonite, 
especially  near  the  rhyolite  contact,  and  in  a  less  complete  fracturing 
of  the  rhyolite  itself.  Near  the  center  of  the  intrusion,  some  of  the 
fissures  continued  to  great  depth.  Probably  soon  after  the  solidification 
of  the  outer  layer  of  porphyry,  hot  mineral-bearing  solutions  rose  along 
these  deep  fractures.  The  solutions  were  heavily  charged  with  iron, 
sulphur,  silica,  and  later  copper.  The  iron  and  sulphur  were  carried 
through  the  joints  and  fissures  in  the  rock  far  from  the  source  of  the 
miueralization,  and  caused  a  general,  though  scanty,  pyritization  of  the 
monzonite  mass.  This  pyritization  was  heaviest  in  the  eastern  part  of  the 
intrusion.  Later,  as  the  proportion  of  silica  and  copper  in  the  solutions 
increased,  these  solutions  rose  through  the  larger  fractures  in  the  mon- 
zonite until  they  encountered  the  impervious,  less  thoroughly  fractured 
overlying  beds  of  rhyolite.  These  dome-shaped  beds  acted  as  a  dam, 
stopping  the  upward  flow  of  the  mineralizing  solutions  and  causing  them 
to  spread  out  through  the  jointed  monzonite  on  both  sides  of  the  large, 
deep-seated  fractures.  Here  they  remained  imprisoned  until  they  gave 
up  their  mineral  content,  depositing  veins  of  quartz,  chalcopyxite,  and 
bornite  along  the  fissures  and  joint  planes,  and  partly  replacing  the  rock 
itself  with  the  same  minerals.  The  mineralization  was  greatest  near  the 
large  central  fractures  through  which  the  solutions  had  risen,  and  in  the 
more  thoroughly  jointed  portions  of  the  monzonite  near  rhyolite  contacts. 
In  this  manner  was  formed  the  mushroom-shaped  disseminated  orebody, 
grading  on  the  sides  and  bottom  to  rock  less  thoroughly  mineralized,  or 
mineralized  with  iron  instead  of  copper  sulphides. 

Some  of  the  larger  fractures,  usually  accompanied  by  monzonite  dikes, 
extended  for  a  considerable  distance  up  into  the  rhyolite.  Along  these 
fractures  the  rich  bornite  veins  in  rhyolite  were  deposited,  sometimes 
extending  a  long  distance  from  the  large  disseminated  body.     The  por- 
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phyry  dikes  accompanying  the  veins  were  more  or  less  mineralized,  and 
small  quantities  of  chalcopyrite,  bornite,  and  pyrite  were  deposited  in  the 
rhyolite  walls  of  the  veins. 

Probably  soon  after  the  end  of  the  period  of  mineralization,  before  the 
rhyolite  capping  of  the  ore  had  been  eroded  away,  the  whole  country  was 
covered  by  a  great  thickness  of  andesite  lava  and  basalt.  This  covering 
protected  the  ore  from  surface  alteration  until  the  present  geologic  period. 

Erosion  in'early  Quaternary  times  must  have  been  very  rapid.  Deep 
canyons  were  cut  in  the  recent  lavas.  The  covering  was  stripped  off 
from  the  Ajo  monzonite,  and  much  of  the  orebody  itself  was  rapidly 
washed  away.  The  erosion  was  so  rapid  that  oxidation  did  not  keep  pace 
with  it.  The  copper  in  the  ore  that  was  eroded  away  was  either  left  in  the 
rock  fragments  washed  down  the  hillsides  or  was  carried  off  by  the  surface 
drainage.  The  detritus  from  the  eroded  portion  of  the  orebody  filled  the 
canyons  and  valleys  that  had  been  cut  in  the  lava  east  and  south  of  Ajo. 
Part  of  the  detritus  was  cemented  into  a  hard  ferruginous  conglomerate 
by  surface  water  which  had  flowed  over  the  pyritic  porphyry  east  of  the 
ore  and  had  taken  into  solution  some  of  the  iron  of  the  oxidized  pyrite. 
Boulders  of  oxidized  ore  remain  scattered  through  the  conglomerate  and 
through  the  valley  wash  or  gravel  for  several  miles  from  Ajo. 

Following  this  period  of  rapid  erosion,  very  stable  conditions  have 
lasted  up  to  the  present  time.  The  water  level  has  remained  nearly 
stationary,  at  a  rather  shallow  depth,  long  enough  to  allow  thorough 
oxidation  of  the  rock  down  to  this  level.  Where  the  mineralization  was 
chiefly  with  pyrite,  much  sulphuric  acid  was  formed  by  the  oxidation  of 
the  pyrite  to  limonite.  This  acid  thoroughly  softened  and  kaolinized 
the  feldspars  of  the  monzonite,  and  helped  take  into  solution  the  copper 
from  the  traces  of  chalcopyrite  which  accompanied  the  pyrite.  This 
copper  was  carried  down  by  the  descending  surface  waters  and  was  rede- 
posited  at  water  level  to  form  the  thin  layer  of  chalcocite  ore. 

In  the  siliceous  chalcopyrite  and  bornite  orebody,  it  seems  that  little 
sulphuric  acid  was  formed  during  the  oxidation.  The  descending  surface 
water,  probably  always  small  in  amount  in  that  arid  climate,  contained 
an  excess  of  lime  and  of  carbonic  acid.  The  result  of  this  condition  was 
that  as  soon  as  the  copper  sulphides  were  oxidized,  the  copper  was  pre- 
cipitated almost  in  place  in  the  form  of  malachite.  The  iron  of  the  chal- 
copyrite and  bornite  remained  in  place  in  the  form  of  limonite  and  hema- 
tite. The  silicified  monzonite  was  very  slightly  altered,  because  of  the 
small  quantities  of  sulphuric  acid,  and  remained  hard  and  resistant  to 
weathering,  forming  steep  hills.  The  little  sulphuric  acicf  which  was 
formed  probably  reacted  at  once  with  the  calcium  carbonate  in  the  oxidiz- 
ing waters  to  form  calcium  sulphate.  Thin  seams  of  ihe  resulting  gypsum 
occur  here  and  there  in  the  carbonate  ore,  and  there  is  much  gypsum  in 
the  gravel  of  the  valleys. 
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The  result  of  this  cycle  of  changes  was  a  large  body  of  low-grade 
primary  bomite  and  chalcopyrite  ore^  oxidized  above  a  horizontal  plane 
at  the  present  water  level  to  a  malachite  ore  of  exactly  the  same  grade 
as  the  sulphide.  The  ore  was  deposited  from  rising  deep-seated  solutions. 
There  is  no  overburden  of  lean  or  barren  rock,  since  the  oxidation  was 
accompanied  by  practically  no  leaching  or  transportation  of  the  copper 
from  the  primary  ore.  The  ore  rises  above  the  surrounding  barren 
ground,  and  continues  without  any  considerable  increase  or  decrease  in 
values  from  the  actual  surface  to  the  bottom  of  the  orebody. 

Development  op  the  Low-Grade  Orebody 

The  Calumet  &  Arizona  Mining  Co.  developed  the  disseminated 
orebody  on  the  New  Cornelia  property  by  diamond-drill  holes  and  by 
test  pits.  The  probable  ore-bearing  ground  was  co-ordinated  with  east- 
west  and  north-south  lines  at  200-ft.  mtervals,  and  drill  holes  were  sunk 
at  the  intersections  of  co-ordinate  lines.  The  drilling  was  done  under 
contract  by  the  E.  J.  Longyear  Co.,  of  Minneapolis,  Minn.  Sampling 
was  under  the  direction  of  representatives  of  the  Calumet  &  Arizona 
Mining  Co.  Drill  holes  were  sampled  in  5-ft.  sections.  All  of  the  flow 
of  sludge  was  caught  in  barrels  and  settled.  When  the  end  of  the  5-ft.  sec- 
tion was  reached  the  water  in  the  barrels  was  decanted  off  and  the  sludge 
sample  was  dried  and  quartered  down  to  3  or  4  lb.  The  rods  were  pulled 
at  least  every  5  ft.,  and  core  samples  were  taken  at  even  5-ft.  intervals 
where  possible.  Both  core  and  sludge  samples  were  sent  to  the  assay  office 
of  the  Calumet  &  Arizona  Mining  Co.,  in  Bisbee,  for  analysis.  Small 
portions  of  both  core  and  sludge  for  every  5  ft.  of  drilling  were  kept  for 
future  reference  in  labeled  tin  boxes. 

Owing  to  the  thoroughly  fractured,  uneven  nature  of  the  rock,  the 
recovery  of  core  was  low,  and  neither  core  nor  sludge  samples  alone  were 
satisfactory.  To  obtain  an  accurate  assay  value  for  the  ore  developed, 
the  length  of  core  for  every  5-ft.  advance  was  measured,  and  on  the  basis 
of  this  length  of  core  the  sludge  and  core  assays  were  combined  to  give  a 
final  value  which  represented  all  the  material  removed  from  the  hole 
during  the  5-ft.  advance.  The  E.  J.  Longyear  Co.  furnished  a  chart 
which  greatly  simplified  the  work  of  combining  core  and  sludge  samples. 

After  drilling  had  been  in  progress  for  about  six  months,  test-pitting 
was  started  to  check  the  results  of  drilling.  The  pits  were  about  4  by  6 
ft.  in  size,  and  were  sunk  with  windlasses.  Drilling  was  done  by  hand. 
Mexican  and  P^pago  Indian  miners  were  employed  for  this  work,  usually 
under  contract,  and  soon  became  so  efficient  that  to  a  depth  of  50  ft.  the 
test  pits  were  sunk  more  cheaply  than^  diamond-drill  holes.  During  the 
last  year  of  development,  test  pits  50  ft.  deep  were  sunk  on  co-ordinate 
points  in  advance  of  drilling,  in  order  both  to  expedite  and  to  lessen  the 
cost  of  development. 
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In  sinking  test  pits,  every  tenth  bucket  windlassed  from  the  hole  was 
taken  for  a  sample.  The  large  samples  thus  obtained  for  every  round  shot 
were  crushed,  quartered,  and  sent  to  Bisbee  for  analysis.  After  test- 
pitting  was  finished,  the  pits  were  resampled  in  5-ft.  sections  by  channel- 
ing. All  four  sides  of  the  pits  were  channelec  with  even  rectangular 
vertical  grooves  6  in.  wide  by  3  in.  deep,  giving  about  a  500-lb.  sample  for 
every  5-ft.  section.  These  samples  were  crushed,  quartered,  an 
sayed  at  Ajo,  and  pulp  samples  were  reassayed  in  Bisbee.  The  channel 
samples  averaged  about  0.15  per  cent,  lower  than  the  bucket  samples 
and  were  taken  as  the  final  samples  of  the  test  pits. 

When  test  pits  were  sunk  below  water  level  into  sulphide  ore,  a  small 
flow  of  water  was  encountered.  This  made  sinking  slow  and  expensive. 
Therefore  only  a  few  hundred  feet  of  sinking  was  done  in  s^ulphide  ore. 
To  more  thoroughly  check  the  results  of  drilling  in  sulphide  ore,  and  to 
prove  that  the  ore  was  constant  in  grade  between  drill  holes,  drifts  were 
run  on  co-ordinate  lines  from  the  bottoms  of  two  of  the  deepest  test  pits. 
Raises  were  put  up  from  these  drifts  to  check  drill  holes.  To  give  a  fair 
sample  of  material  cut  by  the  drifts,  the  ore  broken  by  every  round  of 
holes  was  hoisted  separately  and  dumped  on  an  iron  plate.  From  here  it 
was  shoveled  into  cars  or  over  the  dump,  and  every  tenth  shovel  was 
thrown  into  a  bin  for  the  sample.  These  large  samples,  each  representing 
a  carefully  measured  round,  were  taken  to  the  mill,  crushed,  quartered, 
and  sent  to  Bisbee  for  analysis. 

Up  to  September,  1913,  when  development  work  was  stopped,  84 
diamond-drill  holes  had  been  sunk,  varying  in  depth  from  200  to  1,000  ft. 
The  total  footage  of  diamond  drilling  was  23,097  ft.  Nineteen  drill  holes 
were  stopped  in  ore. 

In  all,  77  test  pits  were  sunk,  with  a  total  footage  of  3,955  ft.  Of  this 
test-pitting,  3,606  ft.  were  in  carbonate  ore,  and  349  ft.  in  sulphide  ore; 
1,059  ft.  of  test-pitting  checked  drill  holes  in  carbonate  ore,  175  ff .  checked 
drill  holes  in  sulphide  ore,  and  2,721  ft.  were  in  advance  of  drilling.  The 
total  amount  of  drifting  in  sulphide  ore  was  1,513  ft.  The  combined 
sinking  and  raising  on  drill  holes  in  sulphide  ore  amounted  to  317  ft. 

Results  of  Development 

The  sinking,  drifting,  and  raising  proved  that  the  value  of  ore  indi- 
cated by  drilling  was  very  accurate.  The  channel  samples  of  test  pits 
in  carbonate  ore  averaged  0.005  per  cent,  lower  than  corresponding  dia- 
mond-drill samples;  the  test  pits  and  raises  in  sulphide  ore  averaged 
0.05  per  cent,  lower  than  corresponding  diamond-drill  samples;  and  the 
drifts  in  sulphide  ore  averaged  0.26  per  cent,  higher  than  the  assay  value 
of  blocks  of  ore  through  which  the  drifts  were  run,  as  indicated  by  drill 
holes  at  the  corners  of  the  blocks.     In  making  the  ore  estimate,  diamond- 
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drill  samples  were  accepted  wherever  drilling  was  done,  and  channel 
samples  of  test  pits  were  accepted  where  sinking  was  done  in  advance  of 
drilling. 

Ore  Estimate 

The  estimate  of  ore  developed  on  the  property  of  the  New  Cornelia 
Copper  Co.  at  Ajo  by  the  Calumet  &  Arizona  Mining  Co.  is  as  follows: 


Copper, 

Ore  estimate:                                                                             Tons  Per  Cent. 

Carbonate 11,964,400  1.54 

Sulphide 28,303,600  1.60 

Total 40,268,000  1 .  61 

Available  by  steam  shovel: 

Carbonate 11,954,400  1.64 

Sulphide 20,626,800  1.64 

Total 32,481,200  1.64 

Not  available  by  steam  shovel: 

Sulphide 7,776,800  1.40 

Rock  which  must  be  removed  to  make  steam-shovel  tonnage  available: 

Rock  in  carbonate  zone 708,400  0.65 

Rock  in  sulphide  zone 2,600,000  0.63 

Total  rock 3,308,400  0.63 

The  gold  and  silver  content  of  this  ore  is  very  low,  generally  amount- 
ing to  less  than  15c.  per  ton. 

In  computing  the  ore  tonnage,  no  ore  was  included  which  assayed  less 
than  1  per  cent,  copper.  The  estimate  of  ore  available  for  steam-shovel 
mining  depends,  of  course,  on  the  assumed  maximum  grade  of  tracks  in 
approaches  and  pit,  and  on  the  amount  of  lean  rock  in  the  sides  and  bot- 
tom of  the  pit  which  it  will  pay  to  move  in  order  to  give  access  to  deep  ore. 
The  proportion  of  the  Ajo  ore  mined  by  steam  shovel  will  probably  be 
greater  rather  than  less  than  that  given  in  the  above  estimate. 

The  fact  that  the  Ajo  ore  outcrops  at  the  surface,  with  no  barren  over- 
burden, not  only  will  do  away  with  the  high  initial  stripping  cost  which 
generally  attends  steam-shovel  mining,  but  also  will  prevent  a  loss  of  ore 
or  a  vitiation  of  grade  through  a  mixture  of  ore  with  capping.  This 
feature  should  make  the  mining  grade  and  tonnage  agree  very  closely 
with  the  estimate. 

Treatment  of  Ores 

While  the  question  of  the  treatment  of  the  New  Cornelia  ores  has  not 
as  yet  been  fully  settled,  enough  work  has  been  done  to  prove  that  the 
ore  can  be  treated  at  a  good  profit  by  processes  in  use  in  other  districts. 
Experiments  on  ore  treatment  have  been  carried  on  in  Douglas  and  else- 
where for  about  a  year  and  a  half.    This  work  has  been  under  the  direc- 
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tion  of  John  C.  Greenway,  General  Manager,  with  the  advice  of  Dr. 
L.  D.  Kicketts.  The  first  important  tests  were  made  by  Stuart  Croasdale 
on  leaching  carbonate  ores.  These  tests  showed  that  over  80  per  cent, 
of  the  copper  in  carbonate  ore  crushed  to  i  in.  can  be  leached  out  by 
sulphuric  acid  in  from  36  to  72  hr.,  and  that  this  copper  can  be  precipi- 
tated at  a  reasonable  cost  by  scrap  or  granulated  pig  iron.  Good  percola- 
tion was  secured  in  leaching  tanks  with  an  ore  column  over  10  ft.  high. 
Owing  to  the  very  high  insoluble  content  of  the  ore,  the  acid  consumption 
was  low  enough  so  that  regeneration  of  sulphuric  acid  or  ferric  sulphate 
from  the  solutions  from  which  the  copper  has  been  precipitated  is  not 
necessary  to  the  success  of  the  process.  When  it  had  been  shown  that 
leaching  with  fresh  sulphuric  acid  and  precipitation  on  metallic  iron 
would  yield  a  fair  profit  on  the  carbonate  ores,  experiments  were  directed 
toward  lessening  the  cost  of  leaching  and  precipitation  by  using  processes 
in  less  common  use.  The  making  of  sponge  iron  for  a  precipitant  by 
metallizing  the  calcines  obtained  by  roasting  pyrite  ores  was  successful 
only  when  tried  on  a  very  small  scale.  A  process  developed  by  F.  L. 
Antisell,  of  the  Raritan  refinery,  involving  electrolytic  precipitation 
with  an  insoluble  anode  made  largely  of  coke,  and  regeneration  of  ferric 
sulphate,  has  been  very  successful  on  a  small  scale.  A.  D.  Jamieson, 
who  was  associated  with  Mr.  Antisell  in  these  experiments,  is  now  testing 
this  process  on  a  larger  scale  in  Douglas.  Thus  far  the  work  has  been 
successful.  Utley  Wedge  has  met  with  encouraging  results  in  a  process 
involving  a  sulphatizing  roast  of  mixed  carbonate  and  sulphide  ores,  with 
subsequent  leaching.  It  seems  reasonably  certain  that  one  of  these  newer 
processes  will  make  possible  a  great  saving  in  cost  of  copper  over  simple 
leaching  with  sulphuric  acid  and  precipitation  on  iron. 

The  Ajo  sulphide  ores  can  be  concentrated  by  ordinary  wet  methods, 
but  the  thin  flakes  of  bornite  and  chalcopyrite  slime  badly,  and  the  re- 
covery is  low.  The  chalcopyrite. and  bornite  ore  is  beautifully  adapted 
to  flotation,  and  tests  made  by  the  Minerals  Separation  Co.  show  a  high 
recovery.  Very  fine  crushing  is  necessary  to  allow  the  separation  of  the 
sulphides,  and  the  hardness  of  the  ore  will  make  the  crushing  fairly  ex- 
pensive. It  seems  certain,  however,  that  sulphide  as  well  as  carbonate 
ore  can  be  mined  and  treated  with  a  good  recovery  at  great  profit. 

Future  Plans  of  the  New  Cornelia  Copper  Co. 

With  a  great  tonnage  of  ore  developed,  and  the  general  outline  of  the 
method  of  treatment  in  sight,  the  most  impOTtant  problem  at  Ajo  is  the 
development  of  a  sufficient  supply  of  water  for  the  mill.  To  solve  this 
question,  two  deep  wells  were  drilled  in  the  large  valley  northeast  of  Ajo. 
Water  was  found  in  both  wells  at  depths  of  from  550  to  750  ft.  A  boiler 
plant  and  compressors  were  installed  at  one  well,  and  the  water  was 
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pumped  from  the  drill  hole  by  an  air  lift.  The  limit  of  capacity  of  the 
lift  was  about  175  gal.  per  minute.  A  pumping  test  at  this  rate  lasting 
over  two  weeks  did  not  exhaust  the  water  from  the  hole.  With  this  flow 
from  an  8-in.  drill  hole,  it  is  reasonably  certain  that  a  shaft,  with  a  little 
drifting,  will  furnish  an  ample  supply  of  water.  A  shaft  has  been  started 
for  this  purpose. 

To  determine  the  details  of  treatment,  a  large  experimental  plant  is 
being  started  at  Ajo.  The  units  in  this  plant  will  be  of  practically  the 
same  size  as  those  in  the  final  plant.  Large  leaching  tanks  will  be  erected, 
and  an  electrolytic  precipitation  plant.  Probably  both  the  Antisell 
process  and  another  process  involving  electrolyiiic  precipitation,  devised 
by  Messrs.  Pope  and  Hahn,  of  New  York,  will  be  tested  in  this  experi- 


FiQ.  3. — Nbw  Cornbua  Orsbodt,  Ajo.    Looking  North. 


mental  mill.  Since  it  will  be  several  years  before  mining  of  the  carbon- 
ate ores  proceeds  far  enough  to  expose  sulphide  ore,  the  development 
of  a  process  for  treating  sulphide  ore  can  be  carried  on  more  leisurely. 

A  railroad  will  be  the  next  step  in  bringing  the  New' Cornelia  property 
to  the  productive  stage.  Preliminary  surveys  have  been  made  from  Ajo 
both  to  Gila,  on  the  Southern  Pacific  Railroad,  and  to  Tucson,  the  junc- 
tion point  of  the  Southern  Pacific  and  the  El  Paso  and  Southwestern 
systems.  The  distance  to  Gila  is  about  44  miles,  and  to  Tucson  about 
130  miles.  Both  lines  are  through  gently  sloping  desert  country,  and 
railroad  building  should  cost  less  than  $20,000  per  mile.  It  has  not  yet 
been  determined  which  route  the  railroad  will  follow. 

The  orebody  already  developed  at  Ajo  will  supply  a  4,000-ton  mill 
for  over  26  years,  or  a  6,000-ton  mill  for  18  years.  The  indications  are 
that  the  life  of  the  mine  will  be  greatly  lengthened  by  the  development  of 
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a  large  tonnage  of  deep  ore  along  the  fracture  zone  in  the  center  of  the  ore- 
body.  The  vital  points  in  the  question  of  ore  treatment  have  apparently 
been  successfully  solved.  For  the  next  quarter  of  a  century  the  Ajo  will 
be  one  of  the  great  copper  districts  of  the  Southwest. 
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[subject  to  bevision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  praferably  be  praaeoted  in  penon  at  the 
Salt  Lake  meeting,  AuguBt,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  ia  impoedble, 
then  diaeuanon  in  wiiting  may  be  aent  to  the  Editor,  American  Inatitute  of  Mining  Engineera,  29  Weat 
39th  Street.  New  York,  N.  Y.,  for  preaentation  by  the  Secretary  or  other  repreaentative  of  ita  author. 
Unleaa  apecial  arrangement  ia  made,  the  diaouaaion  of  thia  paper  will  oloae  Oct.  1, 1914.  Any  discuaaion 
offered  thereafter  ahould  preferably  be  in  the  form  of  a  new  paper. 


Electrical  Fume  Ptecipitatioa  at  Garfield 

BT  W.  H.  HOWARD,  QARFIBLD,  UTAH 
(Salt  Lake  Meeting,  Auguat,  1914) 

As  the  result  of  a  series  of  analyses  and  volume  determinations  of  gases 
discharged  from  the  converters  at  the  Garfield  Smelting  Co/s  smelter  at 
Garfield,  Utah,  it  was  found  that  a  considerable  amount  of  lead  fume 
was  escaping  from  the  stacks  of  the  converter  plant;  and  that  if  this  lead 
could  be  recovered  at  a  reasonable  expense  an  attempt  should  be  made  to 
collect  it. 

Two  methods  suggested  themselves:  (1)  filtration  through  bags;  (2) 
electrical  precipitation  of  the  condensed  fume  by  a  Cottrell  plant. 

FiltraHan  through  Bags 

Tests  were  made  in  filtering  converter  gases  through  the  ordinary 
woolen  bags  of  lead-smelter  bag  houses  to  determine  how  long  such 
material  could  withstand  the  corrosive  action  of  the  gases.  While  blowing 
on  white  metal  only,  the  fabric  was  usually  destroyed  in  10  to  14  hr. 
In  tests  conducted  in  filtering  gases  when  blowing  on  matte  or  slagging 
stage  exclusively  and  when  relatively  considerable  lead  was  being  vola- 
tilized, bags  in  one  instance  lasted  60.5  hr.  It  therefore  was  evident  that 
the  Garfield  converter  gases  did  not  contain  in  themselves  sufficient 
neutralizing  elements  for  the  purpose  of  direct  bag  filtration,  even  during 
the  slagging  stage. 

Such  results  were  more  or  less  anticipated,  but  it  was  thus  proved  that 
under  all  conditions  of  blowing  Garfield  mattes  a  very  considerable 
amount  of  neutralizing  agent,  zinc  oxide  or  lime,  or  both  combined,  as  in 
the  Sprague  process,  would  be  required  to  render  bag  filtration  possible. 
Again,  owing  to  the  constantly  changing  quantities  of  SOs  from  a  given 
battery  of  converters,  depending  on  the  number  bfowing  at  agiventime  and 
on  the  stages  of  the  blow,  it  would  be  practically  impossible  to  feed  auto- 
matically the  required  amount  of  neutralizer.  In  order  to  safeguard  the 
bags  sufficient  neutralizer  would  have  to  be  continuously  added  to  meet 
the  Tni^YimiiTn  SOs  output,  thus  wasting  neutralizers  and  giving  an  un- 
desirably diluted  final  product.    Such  a  condition  is  entirely  difiFereat 
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from  what  would  prevail  in  a  battery  of  roasters,  where  a  fairly  constant 
volume  of  gas  of  fairly  constant  tenor  can  usually  be  maintained. 

Having  calculated  the  amount  of  neutralizer  required,  it  was  estimated 
that  the  cost  of  a  bag  house  and  its  operation  and  the  treatment  of  the 
resultant  diluted  product  would  not  prove  a  commercially  satisfactory 
proposition. 

The  Cottrell  Process 

As  the  complete  elimination  of  SOa  under  existing  conditions  at 
Garfield  was  not  imperative,  a  method  which  would  recover  the  valuable 
constituents  of  the  gases  was  the  one  to  be  considered. 

The  volume  of  gas,  including  entrained  air  at  the  converter  hood  pro- 
duced from  each  Peirce  and  Smith  converter,  calculated  at  standard  tem- 
perature and  pressure,  was  found  to  be  approximately  25,000  cu.  ft.  per 
minute,  or  an  average  of  over  double  that  volume  at  flue  temperature. 

An  average  of  four  to  five  converters  is  operated  under  normal  plant 
conditions  and  practically  never  are  over  four  blowing  simultaneously, 
equivalent  to  a  production  of  200,000  cu.  ft.  of  gas  per  minute  at  flue  tem- 
perature for  the  whole  department. 

The  ratio  of  SOs  to  SOj  has  been  very  variable,  depending  on  the 
character  of  the  matte  treated  and  on  the  period  of  the  blow.  The  average 
of  several  determinations  showed  1  to  18,  but  at  times  it  has  been  as 
high  as  1  to  8. 

The  Cottrell  process  described  in  its  simplest  terms  consists  in  the 
conversion  of  a  high-tension  alternating  current  of  30,000  to  60,000  volts 
into  a  direct  intermittent  current  of  the  same  potential,  and  the  applica- 
tion of  this  current  to  certain  electrodes  suspended  in  a  flue  conveying  the 
gases  to  be  treated.  These  electrodes  in  their  simplest  form  consist  of 
narrow  suspended  metal  plates  regularly  spaced  5  to  12  in.  apart,  depending 
on  voltage,  and  between  adjacent  plates,  parallel  and  equidistant  from 
them,  is  stretched  a  fine  wire  to  every  space,  the  wires  forming  the  dis- 
charge electrodes  and  the  plates  the  collecting  electrodes.  There  is  thus 
maintained  through  a  silent  or  glow  discharge  an  electrically  charged 
field  through  which  the  gases  travel  and  all  dust  or  condensed  fume  or 
moisture  becoming  electrified  is  deposited  on  the  plates. 

Cottrell  Plant  and  Work  at  Coram,  Cal, 

From  an  inspection  6f  the  Cottrell  plant  then  installed  at  the  works  of 
the  Balaklala  Cons.  Copper  Co.,  at  Coram,  Cal.,  it  was  thought  that  the 
Cottrell  process  might  be  advantageously  used  for  the  recovery  of  the  lead 
fume  from  the  converters  at  Garfield;  if  not  completely,  then  to  an  extent 
that  might  prove  profitable.  The  treaters  consisted  essentially  of  cham- 
bers in  which  were  suspended  sheet-iron  plates  6  in.  wide  by  10  ft.  long  and 
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5  in.  apart;  these  forming  the  collecting  electrodes.  The  discharge  elec- 
trodes consisted  of  two  iron  wire  strands  in  which  were  twisted  pieces 
of  asbestos  fiber,  forming  numerous  points  for  the  discharge  of  a  high-ten- 


FiG.  2. — Section  through  Cottrell  Precipitatinq  Unit,  Balaklala  Cons. 

Copper  Co. 


sion  direct  intermittent  current  of  28,000  to  30,000  volts.     By  referring  to 
Figs.  1  and  2  it  will  be  9^n  that  the  installation  consisted  of  nine  units, 
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eight  operating  and  one  being  cleaned^  and  it  might  be  supposed  that  a 
proper  distribution  could  not  be  secured  with  such  an  arrangement  as 
shown,  but  with  louver  dampers  at  the  ends  of  each  unit  a  fairly  even  flow 
through  all  imits  was  obtained.  The  chief  mechanical  defects  in  a  unit 
of  this  description  are  the  spaces  between  the  ends  of  the  plates  and  the 
roof,  and  also  along  the  bottom  of  the  unit,  where  gases  would  escape 
treatment. 

I  was  informed  that  the  apparatus  worked  best  with  gases  between 
120^  and  140^  C.  A  temperature  approaching  but  not  less  than  120^ 
seemed  the  most  desirable,  though  evidently,  in  the  light  of  our  present 
knowledge,  not  sufficiently  low  to  condense  all  smoke-forming  elements, 
which  on  being  discharged  into  the  atmosphere  would  become  visible 
as  smoke. 

On  my  visit  there  in  the  spring  of  1911  the  recovery  of  solids  from  the 
smoke  was  usually  80  to  90  per  cent.,  an  attainment  not  sufficient  to  meet 
the  demands  of  the  courts.  It  was  my  belief,  however,  that  if  an  ex- 
tension of  time  had  been  allowed  the  elimination  required  would  have 
finally  been  accomplished. 

Preliminary  Experimental  Work  at  Garfield 

Actuated  by  this  faith  in  the  possibilities  of  the  process  to  success- 
fully treat  converter  gasep,  it  was  decided  to  carry  on  experiments  at 
Garfield  with  a  view  to  determining  the  best  working  conditions  as  to 
temperature,  acidity,  etc.,  and  to  discover  the  most  efficient  form  of 
electrodes  for  the  purpose.  This  work  was  intrusted  to  Mr.  Rathbun, 
formerly  chief  electrician  at  the  Balaklala  smelter,  who  was  fully  familiar 
with  the  process  as  conducted  there,  and  R.  F.  Barker,  field  chemist 
at  Garfield. 

This  experimental  work  was  started  in  August,  1911.  Equipped  with 
the  necessary  apparatus  to  produce  a  20,000  to  30,000  volt  direct  inter- 
mittent current,  the  regulation  plates  and  pubescent  electrodes  were 
first  tried.  Then  iron  pipes  of  different  diameters  and  of  varying  lengths 
were  experimented  with.  It  was  assumed  that  a  pipe  with  an  axially 
placed  wire  would  give  more  uniform  electrical  treatment  than  the  plates 
and  wires,  and  the  experiments  proved  this.  With  the  current  available 
of  30,000  volts,  it  was  finally  determined  that  5-in.  pipes  10  ft.  long 
placed  vertically  gave  the  best  clearances  if  the  velocity  of  the  gases 
treated  did  not  exceed  15  ft.  per  second  through  the  pipes;  and  finally 
the  pubescent  electrode,  which  was  a  source  of  considerable  trouble,  was 
replaced  by  a  No.  22  gauge  steel  wire. 

Pipes  of  larger  diameter  with  the  application  of  higher  voltage  were 
considered,  but  it  was  thought  that  the  smaller  pipe  would  secure  better 
distribution;  and  having  proved  the  efficiency  of  the  5-in.  pipe  it  was 
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decided  to  adopt  that  size,  leaving  the  use  of  large-pipe  and  high-voltage 
installations  to  future  development. 

50,000  Cu.  Ft.  Converter-Gas  Treater  at  Garfield 

Having  proved  the  greater  efficiency  of  the  pipe  as  compared  with 
the  plate  as  a  collecting  electrode  and  substituting  a  single  wire  to 
replace  the  regular  pubescent  discharge  electrode,  a  plant  was  designed 
for  the  treatment  of  50,000  cu.  ft.  of  converter  gas  per  minut-e. 

The  treater,  as  illustrated  in  Figs.  3  and  4,  consisted  of  608  5-in.  iron, 
pipes  (well  casing),  10  ft.  long,  placed  vertically  over  corresponding 
openings  in  a  floor,  similarly  to  the  flues  of  a  vertical  boiler.  Centrally, 
through  each  pipe,  was  stretched  a  No.  22  gauge  steel  wire.  The  treater 
was  divided  electrically  into  four  sections  so  that  different  voltages  could 
be  applied  to  different  parts  of  the  plant. 

Current  was  taken  from  a  2,300-volt  alternating-current  line  stepped 
up  to  23,000  to  30,000  volts.  This  high-voltage  alternating  current  was 
by  means  of  revolving  rectifiers  converted  into  an  intermittent  direct 
current  of  the  same  potential  for  the  precipitating  electrodes.  The 
rectifiers  were  run  by  three-phase  synchronous  220-volt  motors,  power 
to  operate  which  was  taken  from  the  same  source  as  that  converted  at 
the  rectifiers,  but  stepped  down  to  required  voltage. 

On  the  assumption  of  the  treatment  of  50,000  cu.  ft.  of  gas  per  minute 
through  600  pipes,  the  average  velocity  through  the  pipes  would  be  about 
10  ft.  per  second,  or  the  gases  would  be  under  treatment  for  1  sec.  in  the 
10-ft.  pipe. 

On  Dec.  6,  1912,  the  gases  from  one  converter  were  turned  into 
the  treater,  being  drawn  through  it  by  the  draft  of  an  adjacent  stack 
150  ft.  high.  It  was  discovered  in  the  preliminary  experiments  that 
during  blowing  on  white  metal  to  copper,  when  a  sufficient  amount  of  sul- 
phuric acid  was  present  in  the  gas,  the  coating  on  the  pipes  from  the  con- 
densed fume  was  conductive  and  the  process  offered  no  difficulties;  but 
that  during  the  slagging  period,  with  a  small  amount  of  SOs  present, 
a  non-conductive  coating  was  formed  in  the  pipes  and  after  a  short  time 
the  current  was  interrupted  and  further  precipitation  ceased.  It  was 
found,  however,  that  by  the  injection  of  a  small  amount  of  moisture  in 
the  gases  before  reaching  the  treater  the  coating  in  the  pipes  was  rendered 
conductive  and  the  process  worked  satisfactorily  at  about  90®  C.  With 
mixed  gases  from  the  slagging  and  white  metal  stages,  as  would  occur 
under  normal  operations  with  three  or  more  converters  running,  no  addi- 
tion of  moisture  was  found  necessary.  But  being  limited  to  the  treat- 
ment of  the  gases  from  one  converter,  fine  sprays  of  water  were  injected 
into  passing  gases  during  the  slagging  stage,  amounting  to  about  3  to 
5  per  cent,  of  moisture  in  the  dust  collected.     Owing  to  occasional  arcing 
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Fio.  3. — ^Typical  Crobs-Section  of  EbcPERiMENTAL  Cottrell  Precipitating 
Plant  over  Converter  Flub. 
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Fig.  4. — Longitudinal  Section  op  Onb;  Unit,  Experimental  Cottrell 
Precipitating  Plant. 
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the  No.  22  wires  were  at  times  burned  off,  but  with  No.  14  gauge  wire 
this  trouble  was  practically  eliminated. 

The  plant  was  run  continuously  for  several  weeks  and  from  analyses 
of  the  escaping  gases  it  was  determined  that  the  average  recovery  of 
lead  was  97.25  per  cent.  The  dust  collected  ran  41  per  cent,  lead,  mostly 
in  the  form  of  basic  sulphate. 

During  the  progress  of  the  work  it  was  observed  that  during  the  blow 
on  white  metal,  where  a  conductive  deposit  was  obtained  in  the  pipes, 
practically  all  of  the  lead  was  precipitated  from  the  smoke  at  a  tempera- 
ture of  340°  C,  but  that  the  SOj  and  AssOs  escaped.  To  precipitate  the 
latter  and  obtain  complete  smoke  clearances  a  temperature  of  about  90°  C. 
was  necessary.  This  suggested  the  possibility  of  fractional  precipitation 
by  using  treaters  in  series,  whereby  passing  gases  could  be  treated  at 
difiFerent  temperatures,  thus  classifying  the  elements  of  the  smoke.  This 
gave  an  aspect  to  the  possibilities  of  the  process  not  hitherto  considered. 

As  the  result  of  the  recoveries  made  in  the  50,000  cu.  ft.  installation 
it  was  decided  to  apply  to  the  Executive  Committee  of  the  company  for 
authority  to  erect  a  plant  to  treat  all  the  smoke  from  the  converters, 
this  plant  to  be  an  adjunct  to  a  new  flue  system  then  under  considera- 
tion, which  will  later  be  referred  to. 

Pending  the  granting  of  the  required  authority  it  was  decided  to 
erect  a  small  treater  for  experimental  work  on  blast-furnace,  MacDougall- 
roaster,  and  reverberatory  gases. 

Experimental  Plant  for  Treating  Blast-Furnace,  MacDougaU,  and  Re- 
verberatory Oases 

The  treater,  which  consisted  of  152  5-in.  pipes  and  the  necessary 
electrical  equipment,  was  erected  about  300  ft.  from  the  main  smelter 
stack,  or  approximately  2,700  ft.  from  the  blast  furnaces,  1,800  ft.  from 
the  MacDougall-roaster  installation,  and  1,700  ft.  from  the  reverberatory 
furnaces,  where  the  three  flues  of  these  departments  run  close  together 
and  parallel  on  to  the  chimney.  A  30-in.  sheet-iron  pipe  with  the 
necessary  branches  and  dampers  was  connected  with  a  fan,  whereby  the 
required  gases  for  test  could  be  withdrawn  from  any  flue  and  delivered 
to  the  treater. 

The  tests  conducted  on  these  gases  were  with  the  view  of  not  only 
recovering  values,  but  also  eliminating  all  smoke-forming  substances, 
such  as  sulphuric  acid  and  moisture.  Under  such  requirements  of  perfect 
or  high  percentages  of  clearances,  lower  temperatures  and  lower  veloci- 
ties than  shown  for  converter-gas  treatment  for  lead  values  became 
necessary. 

In  the  tests  (Tables  I  and  II)  gases  were  continuously  sampled  during 
process  of  treatment.    The  apparatus  was  run  in  the  day  time  only  in 
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order  to  have  Mr.  Barker's  full  attention  and  thus  enable  him  person- 
ally to  see  that  both  operating  and  analytical  work  would  be  carried 
on  in  a  manner  leaving  no  doubt  as  to  the  accuracy  of  the  results. 

From  an  inspection  of  the  tables  it  will  be  seen  that  to  obtain  perfect 
clearance  a  velocity  of  about  3.5  ft.  per  second  in  the  pipes  was  necessary. 
In  special  experiments  with  gases  diluted  with  air  perfect  clearances  were 
obtained  with  7  ft.  per  second  in  the  electrodes.  This  is  equivalent  to 
reducing  the  dust  particles  per  unit  of  volume,  and  such  a  condition  would 
be  obtained  by  passing  gases  through  a  proper  settling  chamber  prepara- 
tory to  Cottrell  treatment. 

Several  days  were  devoted  to  the  treatment  of  mixed  gases  from  the 
reverberatories,  roasters,  and  blast  furnaces,  with  results  equally  as 
good  as  shown  for  blast  furnaces  and  roasters  separately. 

The  apparatus  worked  generally  well  electrically  under  most  condi- 
tions. Different  kinds  of  deposits  were  obtained,  wet  and  dry,  and  in 
some  cases  wet  mud  dripped  from  the  pipes,  but  very  little  trouble  was 
experienced  in  making  the  apparatus  work. 

Summary  of  Tests  at  Garfield 

The  results  of  the  experiments  of  December,  1912,  to  April,  1913, 
were: 

1.  The  establishment  of  the  pipe  electrode  ,now  being  generally 
adopted  in  recent  Cottrell  installations. 

2.  The  replacement  of  the  pubescent  electrode  by  a  single  wire. 

3.  Proof  that  96  per  cent,  to  practically  complete  clearance  of  Gar- 
field smelter  gases  can  be  accomplished  if  temperatures  are  maintained 
under  100°  C. 

4.  That  by  treatment  of  gases  at  different  temperatures,  by  treaters 
in  series  with  the  necessary  drop  in  temperatures  between  treaters,  frac- 
tional precipitation  may  be  possible.  For  example,  collecting  the  bulk 
of  the  lead  in  one  treater  and  then  by  the  further  cooling  of  gases  collect- 
ing most  of  the  arsenic,  sulphuric  acid,  etc.,  in  a  second  treater. 

Experimerds  at  Murray  PlarU,  American  Smelting  &  Refining  Co, 

The  method  of  fractional  precipitation  has  since  been  tried  experi- 
mentally on  the  treatment  of  roaster  gases  at  the  Murray  plant  of  the 
American  Smelting  &  Refining  Co.  Dust,  acid,  and  moisture  carried 
by  the  gases  produced  a  sticky,  muddy  deposit  on  the  electrodes  when 
tried  in  one  treater,  and  the  diflSculty  of  removing  this  mud  became  a 
problem.  Two  small  treaters  were  then  placed  in  series.  The  tempera- 
ture of  the  gases  entering  the  first  treater  averaged  125°  C.  and  entering 
the  second  treater  70°  C.    In  the  first  as  high  as  95  per  cent,  of  the  total 
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precipitate  was  collected,  in  a  comparatively  dry  condition.  In  the 
second  treater  most  of  the  remaining  dust,  acid,  and  water,  approxi- 
mating 4  per  cent.,  was  collected,  sometimes  sufficiiBntly  moist  to  drip 
from  the  pipes.  These  results  have  been  encouraging  and  further  ex- 
periments will  be  tried.  It  is  too  early  to  state  that  this  problem  has 
yet  been  completely  solved,  as  the  maintenance  of  proper  temperatures 
is  of  critical  importance  to  the  work. 

I  wish  to  emphasize  that  the  results  obtained  at  Garfield  and  at 
Murray  were  on  the  treatment  of  gases  particularly  favorable  to  the  proc- 
ess and  it  does  not  follow  that  all  smelter  smoke  can  be  treated  as  suc- 
cessfully. Again,  while  experimental  results  have  warranted  our  trjdng 
the  process  on  a  large  scale,  we  have  no  definite  assurance  that  the  element 
of  time  may  not  develop  difficulties  not  now  apparent. 

CoUrell  Plant  for  Treatment  of  Gases  from  Converter  Plant 

Fig.  6  is  a  general  plan  of  a  new  flue  system  for  the  blast-furnace 
and  converter  gases,  built  primarily  on,  account  of  the  inadequacy  of 


Fig.  6." 


-LONGITUDINAL   ELEVATION   OF   CoTTRBLL   PRECIPITATING   PlANT   OF    GaB- 

FiELD  Smelting  Co. 


the  old  flue  system  to  handle  properly  all  the  gases  of  the  plant  under  the 
present  output. 

For  the  collection  of  dust  from  the  blast  furnaces  the  gases  will  pass 
through  a  dust  chamber  300  ft.  long  by  about  920  sq.  ft.  cross-sectional 
area,  about  100  ft.  of  which  will  be  filled  with  suspended  wires  as  followed 
in  the  very  large  chamber  of  the  Boston  &  Montana  Reduction  Works 
at  Great  Falls  with  such  excellent  results. 
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Fig.  7. — Cross  Section  of  Cottrell  Plant. 


Units 


Fig.  8. — Plan  of  Cottrell  Plant. 
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From  the  chamber  the  gases  pass  up  a  flue  connecting  with  a  chim- 
ney 350  ft.  high  by  22  ft.  internal  diameter  at  the  top,  built  on  a  solid 
rock  foundation  85  ft.  above  the  general  smelter  level,  or  equivalent  to  a 
total  height  of  435  ft. 

The  converter  gases  which  are  destined  for  Cottrell  treatment  for 
recovery  of  lead  fumes,  etc.,  will  pass  through  a  long  steel  flue  of  210  sq. 


Dumper 


Fig.  9. — Cross-Section  of  360-Tube  Unit. 


ft.  cross-sectional  area  and  about  1,000  ft.  long,  which  will  collect  prac- 
tically all  cuprous  material  from  the  smoke,  and  the  gases  in  their  pas- 
sage will  become  sufficiently  cooled  for  delivery  to  the  electrical  pre- 
cipitators, as  illustrated  in  Figs.  6  to  10. 
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Electrical  Precipitation. — The  electrical  precipitator  consists  of  seven 
unitS;  containing  360  5-in.  pipes,  10  ft.  long,  per  unit,  or  a  total  of  2,520 
for  the  whole  installation.  Six  units  will  be  usually  operated  while  one 
is  being  cleaned. 

On  the  basis  of  seven  operating,  with  an  output  of  250,000  cu.  ft. 
of  gas  a  velocity  of  12  ft.  per  second  will  be  obtained;  on  the  basis  of 


Fig.  10. — SiDB  Elevation  of  360-Tube  Unit. 


200,000  cu.  ft.  a  velocity  of  9.6  ft.  per  second,  and  with  six  units  on  the 
same  volume  11.2  ft.  per  second,  all  within  the  required  velocity  for  the 
special  treatment  of  converter  smoke.  Certain  changes  contemplated 
in  converter  hoods  will  further  reduce  the  volume  of  gas  delivered  to  the 
treater. 


Digitized  by 


Google 


2046  ELECTRICAL  FUME  PBECIPITATION  AT  GABFIELD 

Gases  from  the  converter  flue  will  be  delivered  to  the  lower  chambers 
of  treater  through  36-iii.  pipes,  three  pipes  per  unit,  each  pipe  having  a 
deflector  extending  across  to  insure  the  best  possible  distribution.  After 
passing  through  the  pipes  the  gases  reaching  the  upper  chamber  then 
pass  through  36 -in.  pipes  to  the  main  flue  leading  to  the  chimney,  there 
being  three  pipes  per  unit,  and  again  tending  to  the  maintenance  of  an 
even  flow  through  the  electrodes. 

Transformer  and  Rectifier  House. — With  the  apparatus  used  in  the 
single  converter  gas  plant  of  608  pipes  referred  to  it  was  estimated  that  the 
maximum  power  used  was  25  h.p.  In  determining  the  size  of  transformers 
necessary  for  the  new  installation  this  figure  was  used  as  a  basis.  As  the 
units  consist  of  360  pipes  each  and  as  it  may  be  necessary  at  times  to 
connect  two  on  the  same  transformer,  it  was  decided  that  20-kw.  trans- 
formers would  have  liberal  capacity  for  any  condition  that  might  arise. 
The  power  necessary  for  the  treatment  of  250,000  cu.  ft.  of  gas  per  minute 
will  probably  amount  to  100  h.p. 

Electrical  ApparcUus. — This  includes  seven  complete  motor-generator- 
rectifier  sets  and  transformers,  and  switchboard  panel  to  control  these. 

A  set  consists  of  a  30-h.p.,  250-volt,  direct-current  motor,  direct 
connected  to  a  20-kw.,  4-pole,  60-cycle,  220-volt  single-phase  alternating- 
current  generator.  The  220-volt  current  is  stepped  up  to  20,000  to  30,000 
volts  by  means  of  a  20-kw.  transformer  and  then  led  back  to  the  rectifier, 
which  is  on  the  same  shaft  with  the  motor-generator.  Here  it  is  recti- 
fied before  going  to  the  treater.  The  voltage  before  going  to  the  trans- 
former may  be  regulated  to  any  desired  value  by  varying  the  field  excita- 
tion with  a  rheostat  located  at  the  switchboard. 

On  the  switchboard  are  located  the  necessary  switches  and  instru- 
ments for  the  motor-generator  sets.  Each  generator  circuit  is  supplied 
with  an  automatic  circuit-breaker  switch  which  can  be  set  to  carry  a 
short  circuit  for  a  definite  length  of  time  before  opening. 

It  is  expected  that  the  plant  will  be  completed  some  time  in  July, 
and  I  believe  it  should  accomplish  what  it  has  been  designed  for;  that  is, 
the  collection  of  those  elements  in  the  smoke  which  may  be  of  commercial 
value. 
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[subject  to  beyision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Salt  Lake  meeting,  August,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  ma^  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  x.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unleea  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1,  1914.  Any  discussion 
offered  tnereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Dorr  Hydrometallurgical  Apparatus 

BT  JOHN  VAN  N.  DORR,  DENVER,  COLO. 
(Salt  Lake  Meeting,  August,  1914) 
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2048  the  dorr  hydrometallurgical  apparatus 

Introduction 

It  is  10  years  this  summer  since  the  first  of  the  contributions  which 
it  has  been  my  privilege  to  make  to  the  working  tools  of  the  hydrometal- 
lurgist  was  set  at  work,  but  a  full  description  of  what  has  come  to  be 
known  as  "Dorr  Machinery"  has  never  been  published  in  the  Trans- 
actions of  the  Institute,  and  it  has  been  suggested  to  me  that  an  .account 
of  the  same  would  prove  of  interest  to  members,  although  most  of  those 
engaged  in  cyaniding  and  concentration  are  probably  familiar  with  it. 
The  account  which  I  shall  give  of  the  development  of  the  machines  must 
be  recognized  as  being  written  from  the  viewpoint  mainly  of  my  own  local 
experience  and  not  from  that  of  one  who  was  familiar  with  the  general 
metallurgical  practice  throughout  the  world.  Most  advances  in  any  art 
are  conceived  before  the  time  is  ripe  for  their  development  and  any 
invention  which  comes  into  general  use  will  usually  be  found  to  have 
been  tried  out  in  a  crude  way  and  abandoned  more  than  once.  If  the 
early  experimenter  went  as  far  as  the  Patent  Office,  his  work  may  serve 
no  other  purpose  than  to  prevent  the  issuance  of  the  broadest  patent  to 
those  who  later  may  develop  a  conunercial  process. 

The  cyanide  process  in  the  United  States  early  in  1904  was  mainly 
confined  to  the  leaching  of  dry-crushed  ores,  both  coarse  and  fine,  and 
sand  treatment  of  tailings  from  concentration  and  amalgamation.  In 
the  Black  hills  some  plants  were  crushing  in  cyanide  solution,  leaching 
sands  and  handling  the  slime  by  the  well-known  decantation  process. 

Filter  pressing,  in  use  for  some  years  in  Australia,  had  been  tried  in 
several  places  in  this  country  and  the  Moore  process  had  been  abandoned 
at  Mercur  after  a  short  run,  but  was  doing  good  work  at  the  mill  of 
Lundberg,  Dorr  &  Wilson,  at  Terry,  and  being  installed  at  Bodie  and  the 
Liberty  Bell. 

A  general  feeling,  however,  still  existed  that  slimes  were  to  be  avoided 
when  possible,  on  account  of  the  losses  in  treatment  and  the  difficulty 
of  making  a  good  leaching  product  when  they  were  present  in  large 
amounts,  especially  when  the  crushing  was  done  in  cyanide  solution. 

The  Dorr  Classifier 

History 

The  object  of  the  first  classification  done  in  cyaniding  work  was  to 
produce  a  leachable  sand  and  overflow  as  small  an  amount  of  sand  as 
possible  with  the  slime,  which  was  usually  run  to  waste. 

In  the  early  days  various  arrangements  of  adjustable  tank  gates  were 
used,  and  sometimes  direct  overflow  of  tanks  filled  with  a  rotary  distribu- 
tor sufficed.    Later,  cone  classification,  of  which  the  Merrill  system,  as 
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introduced  at  the  Homestake,  was  probably  the  most  perfect,  was 
adopted.  Crushing  in  cyanide  solution,  however,  first  used  successfully 
in  the  United  States  by  J.  M.  Henton  about  1901,  added  materially  to 
the  diflSculty  of  cone  work,  especially  in  small  plants  on  soft  and  variable 
ores,  and  in  the  Black  hills  at  least  caused  a  search  for  other  methods. 

An  early  attempt  to  solve  the  problem  that  was  considered  very  suc- 
cessful at  the  time  consisted  of  a  box  about  3  ft.  cube,  situated  over  each 
leaching  tank  and  equipped  with  a  hinged  bottom.  The  stream  of  pulp 
was  fed  into  this  box  and  the  solution  and  slime  overflowed  until  the  box 
was  full,  when  the  mill  man  released  the  bottom  and  the  sand  fell  with  a 
splash  into  the  vat  below,  while  another  charge  was  collected. 

I  am  told  that  this  method  was  used  in  Rhodesia  years  ago  and  brought 
good  profit  to  the  inventor.  It  might  be  regarded  as  a  poor  apology  for 
the  double-treatment  tanks  in  use  in  South  Africa  and  in  the  United 
States. 

A  description  of  a  small  plant  in  the  South  Atlantic  States,  which 
appeared  in  one  of  the  mining  weeklies  in  1905,  shows  that  the  problem 
was  not  considered  satisfactorily  solved  at  that  date.  The  writer  some- 
what proudly  told  how  he  had  overcome  the  difficulty  of  securing  clean 
sand  by  flowing  his  pulp  into  mortar  boxes  alternately  and  shoveling 
the  settled  sand  therefrom  into  his  leaching  vats. 

These  boxes  were  later  abandoned  for  double  cone  classification 
of  the  sand,  which  worked  well  on  quartzite  ore  but  gave  great  trouble  on 
soft  material,  especially  in  small  plants  with  irregular  feed. 

The  cone  system  was  installed  in  the  100-ton  Lundberg,  Dorr  &  Wilson 
mill  above  mentioned,  but  on  our  ore,  which  varied  from  a  soft,  clayey 
shale  to  hard  quartzite,  it  was  impossible  even  with  a  man  constantly 
watching  the  cones  to  get  a  good  leachable  sand  and  avoid  overflowing 
sand  with  the  slime.  This  resulted  in  heavy  losses  through  bad  leaching 
of  the  sands  and  great  difficulties  in  operating  the  Moore  process  on  the 
sUme. 

I  had  felt  for  some  time  that  a  mechanical  method  of  separating  sand, 
that  would  not  require  constant  attention,  was  feasible,  and  realizing  that 
the  success  of  the  property,  which  was  operating  on  a  close  margin, 
depended  on  good  classification,  proceeded  to  attack  the  problem.  I 
knew  of  the  work  of  George  Moore  in  washing  slime  from  the  roasted  fine 
ores  at  Mercur  with  a  spiral  lined  cylinder  and  later  with  a  screw  con- 
veyor in  an  inclined  trough,  but  both  methods  were  somewhat  discredited 
by  the  abandonment  of  the  Moore  process  itself  at  the  Mercur  plant. 

A  description  by  J.  E.  Johnson,  Jr.;  in  the  Transactions  of  the  Institute, 
of  a  sand  shovel  he  was  using  to  remove  sand  from  a  tailings  launder  at  an 
iron-concentrating  mill  gave  me  confidence  that  I  was  on  the  right  track. 
My  aim  was  a  settling  box  with  uniform  cross-section  for  settling,  from 
which  the  settled  material  could  be  removed  with  a  minimum  amount  of 
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slime-bearing  solution  without  disturbance  of  the  surface  near  the  over- 
flow point. 

I  also  felt  that  it  was  necessary  to  have  no  submerged  parts  moving  on 
each  other  to  cause  undue  wear. 

A  mechanical  rake  that  would  carry  the  sand  up  an  inclined  trough 
and  discharge  it  above  the  water  level  occurred  to  me  as  able  to  fill 
these  requirements  and  yet  give  ample  space  for  quick  settling  at  the  sur- 
face while  allowing  the  maintenance  of  an  agitated  zone  at  the  bottom 
to  prevent  the  slime  settling  with  the  sand. 

After  considerable  investigation  the  motion  desired  was  secured  by 
means  of  suspending  the  rakes  from  cross  bars  carrying  rollers  traveling 
on  suitable  tracks,  with  switches,  as  shown  in  Fig.  1.  The  rollers  passed 
under  the  switches  on  the  up  stroke,  but  were  lifted  on  the  down  stroke  and 
thus  raised  the  rakes  over  the  sand  which  had  been  moved  forward. 


Fig.  1. — The  Dorr  Classifier  (Patented).    Original  Design. 


The  installation  of  the  machine  thus  designed  made  such  an  improve- 
ment in  both  sand  and  slime  products  that  our  extraction  was  greatly 
increased  and  lost  time  on  account  of  classification  was  eliminated.  I 
may  say,  as  a  matter  of  personal  interest,  that  it  made  the  difference  be- 
tween the  failure  and  success  of  a  mill  that  had  a  subsequent  useful  life  of 
nine  years  and  treated  profitably  ore  from  which  not  over  $2.60  per  ton 
was  recovered.    • 

Mechanical  sand  separation  is  a  commonplace  thing  to-day  in  cyanid- 
ing  and  may  have  been  used  then  in  concentration  and  other  work.  It 
is  of  interest,  however,  to  note  that  one  of  the  best-known  engineers  in 
this  country  told  me  in  1906  when  he  saw  the  machine  working,  on  his 
return  from  South  Africa,  that  if  he  had  seen  the  blueprints  of  it  he  would 
not  have  believed  it  possible  that  it  could  give  the  products  it  was  then 
making. 
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Description 

The  Dorr  classifier  has  been  improved  from  time  to  time  to  meet  new 
conditions  and  as  now  manufactured  is  shown  in  Fig.  2,  which  illustrates 
the  standard  duplex  machine. 

It  consists  of  a  settling  box,  in  the  form  of  an  inclined  trough  with  the 
upper  end  open,  in  which  are  placed  mechanically  operated  rakes  or  scrap- 
ers for  the  purpose  of  removing  the  quick-settling  material  from  the 
open  end.  Each  rake  is  carried  by  two  hangers,  one  at  the  sand-discharge 
end  suspended  from  an  arm  attachment  to  a  rocker  arm  or  lever,  which 
terminates  in  a  roller.  The  other  depends  from  a  bell  crank  connected 
by  a  rod  to  the  same  rocker.  The  roller  is  pressed  against  a  cam  on  the 
crank  shaft. 

The  rakes  are  lifted  and  lowered  at  opposite  ends  of  the  stroke  by  the 
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Fig.  2. — The  Dorr  Classifier  (Patented).    Model  "C." 

action  of  the  cams  transmitted  through  the  rocker  arms  and  bell  cranks, 
and  the  horizontal  motion  is  obtained  directly  from  the  crank. 

The  bell  cranks  at  the  slime  end  are  carried  by  a  second  larger  bell 
crank  held  in  position  by  a  chain  attached  to  a  spool  on  a  worm  gear  at  the 
head  end  of  the  classifier.  By  this  means  the  rakes  can  be  raised  10  in. 
at  the  lower  end  and  operated  in  that  position  or  any  intermediate  one. 
This  allows  the  classifier  to  be  started  readily  when  nearly  filled  with  sand 
after  an  unexpected  shutdown,  and  the  regulation  of  the  depth  of  the 
settling  box  when  in  operation  to  vary  the  products  being  made. 

The  pulp  is  fed  across  the  settling  box  as  shown  and  a  uniform  flow  to 
the  lip  at  the  end  is  maintained  while  the  sand  settles  to  the  bottom  and  is 
advanced  by  the  rakes  until  it  emerges  from  the  liquid  and  is  discharged 
with  from  20  to  30  per  cent,  moisture. 
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The  agitation  near  the  bottom  of  the  tank,  caused  by  the  reciprocating 
motion  of  the  rakes,  assists  in  keeping  the  slime  in  suspension,  but  is  not 
normally  sufficient  to  cause  fine  sand  to  overflow. 

Regvlation  of  Products 

The  machine  is  intended  of  course  to  make  only  two  products,  and  the 
point  of  separation  can  be  varied  by  the  following  means: 

1.  The  use  of  the  baffle  shown,  which  allows  a  reduction  of  the  cross- 
section  of  flow  so  as  to  overflow  more  fine  sand. 

2.  Raising  the  rakes  and  so  operating  them  in  a  shallower  tank. 

3.  Increasing  the  speed  of  the  rakes  until  the  agitation  keeps  fine  sand 
in  suspension. 

4.  The  attachment  of  perforated  spray  pipes  to  the  rakes  at  a  point 
where  they  remove  the  sand  from  the  liquid,  allowing  a  rewashing  of  the 
sand  and  removal  of  any  slime  that  may  be  carried  down  with  it. 

Cost  of  Operation 

As  with  any  other  machine  the  costs  of  operation  will  depend  on  the 
work  done  and  care  taken  by  the  mill  men. 

The  only  place  where  wear  caused  by  the  sand  would  be  expected  is  on 
the  bottom  edge  of  the  scrapers,  and  careful  measurements  have  shown 
that  in  more  than  one  case  four  years'  constant  service  did  not  remove 
more  than  \  in.  at  this  point.  This  rather  surprising  result  must  be 
due  to  the  scrapers  being  suspended  and  the  lower  edge  pushing  grains  of 
sand  ahead  so  as  to  prevent  the  bottom  coming  into  actual  contact 
with  the  sand  bed. 

It  is  not  unusual  for  machines  to  run  for  a  year  or  more  without  repairs 
of  any  sort  being  needed,  and  I  know  of  one  classifier  which  ran  for  nearly 
four  years  with  repair  costs  under  $5  and  a  careful  examination  at  the  end 
of  the  period  showed  it  to  be  in  good  condition.  I  believe  an  allowance 
of  0.05c.  per  ton  treated  for  repairs  will  usually  be  ample. 

Power 

The  power  required  will  depend  on  the  load,  but  tests  have  shown  that 
J  h.p.  is  generally  sufficient. 

Capacity 

The  capacity  of  the  machine  depends,  as  would  be  expected,  on  the 
nature  and  dilution  of  the  pulp  fed  to  it  and  the  point  of  separation  desired. 
The  table  below  showing  results  at  different  plants  will  give  the  best  idea 
of  it. 
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Operating  Data  on  Dorr  Classifiers 


Tona 

Feed 

i 

Sand 

Slime 

Mill 

per 
24 
Hr. 

-      - 

"~      1 

- 

-  - 1 

1 

1  _ 

1           i~ 

Dilu- 

+  100  +200! 

-200,  +  100,+200; 

-200! +100+200! -200 

tion 

1 

i 

1 

1 

!            1 

Portland,  Colorado 

146" 

5tol 

1 

38. 3| 

13.4 

47.1 

75.3 

16.2 

7.4    0.9 

5.8    94.7 

Golden  Cycle,  Colorado 

161" 

3.5  to  1 

45.0 

19.0 

36.0 

68.0 

23.0 

9.0 

11.0    89.0 

Cia     Benef.     de     Paohuca, 

144* 

4to  1 

42.7 

25.1 

32.5 

43.6 

40.1 

16. 8|  0.1 

3.8  I96.8 

Mexico. 

1 

73* 

dto  1 

65.0 

11.1 

23.9 

70.0 

18.3 

11.7    0.6 

8.5    90.9 

Amparo  Mining  Co.,  Mexico 

125" 

7.6tol 

52.4 

18.5 

29.1 

71.4 

27.4' 

1.2 

1   6.5  |93.5 

Tonopah-Liberty.  Nevada 

85« 

7tol 

30.5 

41.9, 

26.3 

75.7 

24.0 

0.1    2.5 

114.3  :81.4 

Goldfield  Conaolidated, 

264'** 

3  to  1 

40.0 

12.0 

48.0 

74.0 

19.0 

7.0    2.6 

19.5  79.1 

Nevada. 

' 

1 

' 

1            1 

Tonopah-Belmont,  Nevada.. . 

70« 

65.6 

2.7 

28.9 

' 



....|  0.4 

6.6  '93.0 

Alaaka-TreadweU,  Alaska'.. . . 

89* 

48.7, 

41.5 

9.8 

48.7 

41.5 

9.8 

2.0-98.0 

Nip{Mii>g,  Ci^nftdf^ 

78.7! 

3.6| 

16.8 

85.8 

7.2 

6.9I..... 

1  0.5    99.5^ 

1      1 

a  New  ore. 

b  Indudea  tube-mill  return.  Under  normal  conditions,  with  a  tube  mill  in  dosed  circuit  with  a 
I>orr  classifier,  35  to  50  per  cent,  of  oriffinal  feed  returned. 

c  New  ore;  tube-mill  product  returned,  but  amount  not  stated. 

d  168  tons  come  from  the  stamps,  the  rest  being  returned  from  the  tube  mill. 

•  daasifiers  used  in  connection  with  the  regrinding  of  concentrates;  rakes  operated  24  strokes  per 
minute;  100  per  cent,  of  concentrates  pass  200  mesh;  the  2  per  cent,  is  silica  from  tube-mill  pebbles. 

/  Of  this  200  mesh  product  15  to  20  per  cent,  is  sand;  crushing  is  done  in  two  sets  of  tube  mills;  the 
■and  from  the  first  daasifiers  being  reground  in  dosed  drcuit  with  tube  mills  and  other  classifiers,  the 
combined  sUme  overflows  giving  the  screen  test  shown. 


Uses 

The  Dorr  classifier  was  originally  designed  for  the  separation  of  clear 
slime  and  a  leachable  sand,  but  with  the  adoption  of  so-called  all-sliming 
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Fia.  3. — ^Abbanqembnt  op  Dorb  Classifiers  and  Tube  Mills  Operating  in 
Closed  CiRCxnT  in  the  Tonopah-Belmont  Mill. 

treatment  in  cyaniding  its  value  in  connection  with  regrinding  in  tube 
mills  was*  apparent  to  all  and  it  came  rapidly  into  use  for  that  purpose 
also.  The  advantage  of  operating  a  classifier  and  tube  mill  in  closed 
circuit  with  no  other  means  of  elevation  of  the  return  is  appreciated  by  all 
practical  men.  Fig.  3  shows  the  arrangement  of  tube  mills  and  classifiers 
as  installed  at  the  Tonopah-Belmont  mill. 

The  use  of  a  Dorr  classifier  with  two  or  more  compartments  for  wash- 
ing the  sands  was  early  suggested  and  a  double-washing  classifier  for 
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giving  sands  an  acid  bath  was  put  in  use  at  the  Morning  mill  with  tube 
flotation  several  years  ago. 
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We  have  carried  the  idea  further  and  made  several  triple-washing 
classifiers  for  use  when  sands  are  to  be  discharged  from  gold-bearing  cyan- 
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ide  solutions  without  leaching  and  must  be  freed  from  cyanide  and  dis- 
solved gold. 

Fig.  4  shows  the  triple-washing  Dorr  classifier  with  pipe  connections 
arranged  so  as  to  wash  the  sands  as  they  come  from  the  first  two  com- 
partments with  barren  solution,  and  from  the  last  with  water. 

One  of  the^e  machines  following  a  duplex  Dorr  classifier  has  been 
installed  recently  at  the  Hollinger  mill  to  wash  the  concentrates  after 
they  have  been  reground  and  cyanided  in  a  tube  mill. 

The  high-grade  solution  overflowing  from  the  first  machine  assays 
$65  in  gold  per  ton  and  the  concentrates  are  finally  discharged  with  20 
per  cent,  moisture  which  assays  16c.  per  ton;  thus  giving  a  dissolved  loss 
per  ton  of  concentrate  of  only  4c.     About  30  tons  per  day  are  thus  treated. 

In  1910  we  furnished  a  series  of  classifiers  to  a  Pennsylvania  company 
for  the  purpose  of  leaching  and  washing,  by  the  counter-current  method, 
cupreous  pyritic  residues  that  had  been  given  a  chloridizing  roast,  but 
I  understand  that  other  matters  interfered  and  their  use  for  that  purpose 
was  never  thoroughly  tested. 

In  1913,  Captain  Wplvin,  of  the  Butte-Duluth  Co.,  conceived 
the  idea  of  acid  leaching  and  washing  oxidized  copper  ores  in  Dorr  classi- 
fiers from  watching  them  at  the  Butte  Superior  mill,  and  at  his  request 
we  furnished  him  with  five  classifiers  for  trial  and  later  two  more  for  the 
same  series  with  all  parts  subject  to  contact  with  the  acid  made  of  hard 
wood.  These  machines  proved  most  successful,  increasing  the  ej^raction 
over  the  former  leaching  in  vats  at  coarser  mesh  at  least  20  per  cent., 
and  as  a  result  the  Butte-Duluth  Co  has  added  to  its  equipment  five 
heavy  Dorr  classifiers  8  ft.  wide  by  30  ft.  long  which  I  understand  will 
be  operated  in  series  and  have  an  estimated  capacity  of  400  tons. 

I  believe  the  results  of  the  excellent  work  done  by  Captain  Wolvin 
and  Mr.  Sherwood  will  be  embodied  in  a  paper  to  be  presented  to  the 
Institute. 

Dorr  classifiers  have  been  successful  as  dewaterers  in  handling  mag- 
netic iron  and  sulphide  concentrates,  and  are  discharging  the  former  with 
only  12  per  cent,  moisture. 

The  Dorr  Thickener 

History 

In  the  summer  of  1906  I  was  engaged  by  the  Mogul  Mining  Co.  to 
change  the  Kildonan  mill  at  Pluma,  S.  D.,  from  a  100-ton  dry  cyanide 
plant  into  a  300-ton  wet-crushing  mill  following  the  practice  at  the  Lund- 
berg,  Dorr  &  Wilson  mill  previously  mentioned. 

The  settling  of  slime  in  cyanide  work  in  the  United  States  at  that  time 
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was  an  intermittent  process  usually  carried  out  in  flat-bottom  tanks,  but 
a  few  engineers  had  followed  the  practice  introduced,  I  believe,  by  John 
Randall,  of  building  very  large  cones  and  operating  with  a  continuous 
overflow  and  intermittent  or  continuous  underflow.  We  had  used  a 
22-ft.  and  a  20-ft.  cone  at  the  Lundberg,  Dorr  &  Wilson  mill  and  appreci- 
ated greatly  the  advantage  of  continuous  thickening,  so  desired  to  use 
the  same  method  at  the  other  plant.  The  Kildonan  had  been  started 
as  a  chlorination  mill  in  1894,  but  in  1902  the  property  had  changed 
hands  and  as  cyanide  was  proving  successful  on  Black  Hills  ores 
the  chlorination  barrels  were  scrapped  and  replaced  by  some  leaching 
tanks  to  treat  a  20-mesh  product.  A  little  later  the  company  was  induced 
to  install  an  aerating  leaching  process  in  which  the  bottoms  of  the  leaching 
tanks  were  covered  with  perforated  pipes  and  sand  was  to  be  leached  and 
agitated  at  the  same  time.  As  might  be  expected,  it  was  not  a  success, 
but  added  several  35  by  5  ft.  tanks  to  the  equipment. 

When  I  undertook  to  remodel  the  mill,  as  before  mentioned,  there 
was  no  room  in  it  to  place  the  number  of  large  cones  that  would  have  been 
required,  and,  as  I  had  experienced  the  difficulty  of  preventing  the  build- 
ing up  of  solids  on  a  60°  slope  when  making  a  thick  underflow,  I  sought 
some  other  means  of  thickening  continuously.  I  conceived  the  idea  that 
it  might  be  possible  to  operate  a  mechanism  or  scraper  in  a  tank  at  such 
a  speed  that  it  would  not  disturb  the  upper  part  of  the  tank  and  interfere 
with  settling  and  yet  would  prevent  the  slime  from  becoming  solid  and 
allow  it  to  be  discharged  at  one  point.  It  was  recognized  that  if  the  slime 
did  become  solid  no  mechanism  could  be  built  strong  enough  to  move  it. 
The  design  of  the  machine  presented  a  problem,  in  the  solution  of  which 
I  was  greatly  assisted  by  L.  B.  Eames,  now  superintendent  of  the  Goldfield 
Consolidated  mill,  who  was  an  assistant  on  construction.  We  decided 
to  utilize  one  of  the  35  by  5  ft.  tanks  mentioned,  after  deepening  it  to 
12  ft.  Realizing  the  immense  leverage  of  scraper  arms  on  any  shaft,  we 
considered  a  track  on  the  periphery  with  a  rotating  frame  traveling  on 
it  from  which  would  depend  the  rake  arms,  but  finally  decided  to  try  the 
central  drive.  It  was  recognized  here  as  in  the  classifier  that  stuffing 
boxes  and  wearing  parts  in  the  pulp  should  be  avoided,  and  the  present 
arrangement,  which  seemed  the  simplest,  was  adopted. 

The  use  of  a  35-ft.  tank  for  the  first  test  was  certainly  experiment- 
ing on  a  large  scale,  especially  as  the  first  trial  thickener  represented  the 
only  equipment  provided  in  the  plant  for  that  purpose.  I  was  prepared, 
if  it  had  not  worked,  to  use  the  tank  as  a  settler  in  another  way,  which  I 
felt  would  give  as  good  results  as  were  obtained  in  practice  elsewhere. 

We  had  done  considerable  good  work  with  diaphragm  pumps  at  Terry, 
and  had  found  them  capable  of  pumping  anjrthing  up  to  small  monkey 
wrenches.  I  had  planned,  therefore,  to  place  one  or  more  above  the  tank 
and  provide  each  with  a  number  of  suction  pipes,  reaching  to  the  bottom 
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and  so  spaced  that  the  tank  would  become  virtually  a  collection  of  small 
cones  to  be  pumped  from  in  rotation. 

The  thickener  started  oflf,  however,  with  no  trouble  and  we  found  that 
the  first  speed  selected,  1  rev.  in  20  min.,  was  satisfactory.  It  was  oper- 
ated until  the  plant  burned  in  1912. 

Continuous  thickening  with  Dorr  thickeners  is  accepted  nearly 
everywhere  now,  but  its  possibilities  were  not  recognized  at  first. 
When  the  first  thickener  had  been  operating  at  the  Mogul  for  several 
months,  a  Colorado  engineer,  manager  of  one  of  the  best  operated  com- 
panies in  that  State,  happened  to  see  it.  After  watching  it  for  some  time 
he  was  so  confident  it  could  not  be  used  for  continuous  work  on  his  ex- 
tremely light  colloidal  sUme  that  he  waited  nearly  a  year  before  trying  it. 
When  finally  installed  it  showed  an  apparent  saving  of  over  $70  per  day 
in  increased  recovery  and  diminished  costs. 


Fig.  6. — The  Dobr  Continuous  Thickener  (Patented). 

When  we  came  to  manufacture  the  machines  commercially  many 
improvements  were  made,  the  most  important  being  the  addition  of  an 
overload  alarm  to  give  warning  when  some  part  of  the  mechanism  was  in 
danger  of  being  strained  by  the  resistance  offered  by  the  accumulation  of 
thickened  material  in  the  tank. 

Description 

The  Dorr  continuous  thickener  consists  of  a  slow-moving  mechanism 
placed  in  a  suitable  tank,  by  means  of  which  the  operation  of  settling  may 
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be  made  continuous  through  the  removal  of  the  settled  material  to  a  point 
of  discharge  and  the  prevention  of  its  accumulation  as  a  solid  in  the  tank. 

As  usually  f urnishedi  it  consists  of  a  central  vertical  shaft  with  radial 
arms  equipped  to  bring  the<  thickened  material  to  a  discharge  opening  at 
the  center  by  the  slow  rotation  of  the  mechanism.  The  thick  material 
may  be  discharged  by  gravity  at  this  point  into  a  launder,  or  piped  to  the 
side  of  the  tank  and  raised  by  air  lift  or  pump  to  the  level  of  the  overflow 
or  higher. 

The  machine  is  arranged  for  raising  the  shaft  so  that  the  arms  will  not 
be  imbedded  in  the  thick  material  if  the  power  should  be  shut  oflf  for  any 
length  of  time.  The  shaft  can  be  lowered  again  gradually  while  running. 
Shaft  and  gear  bracket  are  supported  by  a  bridge  over  the  tank  or  sus- 
pended from  the  roof  trusses  (Fig.  5). 

In  some  cases,  notably  at  the  Liberty  Bell  mill,  thickeners  have  been 
installed  driven  from  below  the  tank  through  a  mercury  bearing,  and 
proved  efiicient,  although  they  cannot  be  raised. 

The  thin  pulp  is  delivered  near  the  center  of  the  tank  in  a  suitable 
well  with  a  float  to  cause  minimum  disturbance,  and  the  overflow  is  taken 
oflf  by  a  peripheral  launder. 

The  thickened  pulp  can  be  accumulated  and  withdrawn  at  intervals 
or  a  continuous  discharge  maintained  as  desired.  Nozzle  discharge  is 
in  use  in  some  concentrating  mills  where  a  comparatively  thin  pulp  is 
desired,  and  also  in  one  case  where  a  product  of  only  30  per  cent,  moisture 
is  being  obtained.  Many  are  using  diaphragm  pumps  for  this  purpose. 
They  have  the  advantage  of  ready  regulation  and  require  little  attention. 
Having  a  positive  displacement  they  tend  to  regulate  automatically  the 
amount  of  solids  withdrawn,  for,  when  the  pulp  becomes  thicker,  more 
solids  are  pumped  with  each  stroke. 

The  diaphragms  have  a  life  of  from  two  to  eight  weeks,  depending  on 
operating  conditions,  so  that  renewal  expenses  are  very  small.  Although 
arrangements  have  been  made  to  change  the  speed  and  stroke  of  the 
pumps,  a  pet  cock  to  admit  air  into  the  suction  has  proved  most 
satisfactory  as  a  means  of  regulation. 

Speed 

The  thickener  has  been  operated  at  speeds  ranging  horn  1  rev.  in  2 
min.  to  1  in  40  min.  A  quick-settling  sandy  material  will  oflFer  great 
resistance  unless  a  comparatively  high  speed  is  maintained,  while  colloidal 
slime  will  give  a  slightly  thicker  underflow  at  a  very  slow  speed.  It  will 
be  found  when  handling  sandy  material  that  if  the  sand  accumulates  so 
that  it  is  being  moved  around  the  tank  by  the  channel  arms  as  well  as 
being  advanced  toward  the  center  by  the  plows  the  resistance  increases 
rapidly  and  the  speed  should  be  increased. 
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Power 

This  varies  with  the  size  of  the  tank  and  the  nature  of  the  feed.  Of 
course,  the  motor  input  is  much  larger  than  the  actual  power  consumed, 
owing  to  the  low  load  factor  commonly  used,  as  it  is  essential  to  have 
power  enough  to  meet  an  unusual  strain.  Spring  measurements  have 
shown  approximately  -^  h.p.  being  transmitted  to  the  worm  shaft  of  a 
44-ft.  thickener  handling  a  classified  slime.  It  would  not  be  advisable, 
however,  to  install  less  than  a  1-h.p.  motor  on  a  single  machine,  but  \  h.p. 
each  can  be  allowed  when  several  are  driven  from  one  lineshaft. 

Repairs 

Normal  operation  of  the  Dorr  thickener  causes  no  wear  except  on  the 
worm,  and  many  machines  are  running  to-day  that  have  not  cost  a  cent 
for  several  years.     On  the  other  hand,  if  started  after  a  shutdown  without 


Fig.  6. — Overload  Alabm  and  Resistance  Indicator  on  Dorr   Thickener, 
WITH  Arrangement  for  Raising  Shaft  wmLE  Operating. 

raising,  a  strain  of  any  amount  may' be  given  so  that  the  "  weakest  point," 
which  I  believe  exists  in  everything  but  the  "One  Hoss  Shay"  of  Oliver 
Wendell  Holmes,  will  have  to  yield.  We  have  attempted  to  avoid 
breakage  by  furnishing  a  pulley  that  cannot  transmit  enough  belt  pull 
to  do  any  damage,  but  the  average  mill  man  is  likely  to  use  a  crowbar 
to  start  something  without  realizing  that  he  can  thus  apply  more  force 
than  the  belt. 

The  overload  alarm,  mentioned  before  and  shown  in  Fig.  6,  is  arranged 
to  indicate  the  resistance  offered  by  the  mechanism  as  shown  by  the  thrust 
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on  the  worm  shaft  and  to  ring  an  alarm  when  the  load  becomes  excessive. 
A  solenoid  or  other  means  can  be  used  to  correct  automatically  the  condi- 
tion causing  the  excessive  load,  by  reducing  the  feed  or  increasing  the 
underflow.  The  alarm  has  proved  very  valuable,  ^specially  on  quick- 
settling  pulp,  when  it  is  desired  to  obtain  the  thickest  discharge. 

Labor 

The  attendance  required  varies  with  the  regularity  of  conditions 
maintained  and  is  usually  confined  to  lubrication  once  a  shift,  so  that 
the  care  of  the  thickeners  is  included  in  the  duties  of  some  man  employed 
principally  on  other  work.  At  the  Anaconda  four  men  per  shift  are  more 
than  enough  to  care  for  160  tanks  thickening  26,000,000  gal.  per  day 
containing  2,500  tons  of  solids. 

Capacity 

The  capacity  of  Dorr  thickeners  has  been  found  to  be  primarily  a 
function  of  area,  although  the  depth  of  the  tank  has  an  influence  depend- 
ing on  the  dilution  of  the  feed  and  the  dilution  of  the  underflow  desired. 
With  a  given  area  and  depth  and  a  very  dilute  feed  and  underflow,  the 
capacity  depends  on  the  amount  of  liquid  that  can  be  clarified;  i.e., 
additional  solids,  but  no  additional  liquid,  can  be  added  to  a  tank  already 
fed  to  capacity  without  overflowing  slime.  On  the  other  hand,  with  a 
feed  perhaps  8  of  liquid  to  1  of  solids  and  a  thick  discharge  of  2  to  1  or 
less,  it  will  be  found  usually  that  additional  liquid  can  be  added  to  a  thick- 
ener operating  at  capacity  without  overloading  it,  but  any  addition  of 
solids  will  cause  slime  to  overflow. 

If  a  plant  requires  more  settling  capacity,  raising  the  temperature 
of  the  solutions  may  prove  an  economical  way  to  add  10  to  20  per 
cent.  The  capacity  of  any  filter  will  also  be  increased  and  a  higher 
extraction  may  pay  for  the  cost  of  heating. 

The  table  following  represents  data  given  me  from  time  to  time. 
It  shows  the  settliag  area  in  use  per  ton  in  different  mills  which  in 
many  cases  were  not  feeding  their  thickeners  at  capacity. 

Density  of  Underflow 

This  depends  on  the  nature  of  the  pulp  to  be  settled  and  the  size  of 
the  particles.  An  argillaceous  pulp,  such  as  that  at  the  Liberty  Bell  in 
Colorado,  although  containing  a  large  percentage  of  reground  siliceous 
material  will  not  settle  thicker  than  60  per  cent,  moisture,  while  a  finely 
ground  quartz  will  give  as  low  as  27  per  cent,  moisture.  At  the  Porcupine- 
Crown  plant,  handling  a  quartz  product  of  75  per  cent.  -200  mesh,  the 
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average  final  pulp  discharged  contained  30  per  cent,  moisture  when  the 
feed  was  at  the  rate  of  1  ton  of  solids  per  day  for  each  4.7  sq.  ft.  of  tank 
area. 


MUl 


OpercUing  Data  on  Dorr  Thickeners 


Sq.  Ft.  Sq.  Ft. 

Settling    .  Settling 

Area  per  Area  per 

Ton  of  Gallon 

I      Solids     I  Overflowed 

,  Thickened  i        per 

per  24  Hr.  |  Minute     < 


Remarkfl 


San  Rafael,  Mexico. . .  4.5 

I 
Liberty  BeU,  Colorado  '       15 . 0 


Mogul,  South  Dakota  \         3.92 


12.6 


Batopilas,  Mexico 0.6  to  0.9    . 

Zambona,  Mexico 3.1 

Dominion,  Ontario. ...  5.4 

Poreupine-Crown,  :        4.25 
Ontario. 

El  Palmarito,  Mexico  4.5       ' . 


Amparo,  Jaliaoo,  Mex.  4.9 


Veta  Colorado.  Parral,  •         5.0 
Mex.  I 


Smuggler-Union,    Tel- 
luride,  Colo.  i 


1.4 


3J<» 


A  large  copper  com- 
pany, Arixona. 

Pennsylvania  Steel, 
Lebanon,  Pa. 


30.0 

26.0 

10.0 

11.6 

8.11 

14.2 

2.48 

Tube-mill  product,  75  per  cent.  —  200  mesh,  discharge 

45.5  per  cent,  solids. 

Tube-mill  product,  much  light  argillaceous  slime. 
Discharge  33  per  cent,  solids:  +  100,  17  per  cent.^ 
+  200,  13  per  cent.;  —  200,  70  per  cent.  Feed  9  :  1. 
Solution  fed  at  capacity ;  solids  not.  Large  area  per 
gallon  overflowed  per  minute  due  to  density  of  under- 
flow and  nature  of  the  slime. 

Tube- mill  product;  ore  siliceous:  +  60,  0.6  per  cent.; 
+  100,  7.8  per  cent.;  -f-  200,  26  per  cent.;  -  200, 

65.6  per  cent.     Discharge  j|}  to  59  per  cent,  solids. 
Continuous  decantation. 

40-meBh  product;  90  per  cent,  passing  100  mesh. 

Tube-null  product.     Discharge  40  per  cent,  solids. 

Tube-mill  product,  88  per  cent  —  200  mesh,  ore  dia- 
base.    Discharge  40  per  cent,  solids.     Feed  6:1. 

Tube-mill  product,  75  per  cent.  —  200  mesh.  Dis- 
charge 65  per  cent,  solids.  Quarts  ore.  Continuous 
decantation.  With  5.1  sq.  ft.  settling  area  per  ton 
settles  to  71  to  73  per  cent,  solids. 

Tube-mill  product:  pure  quartsite,  97  per  cent.  —  200 
mesh.  Feed  7:1.  Discharge  65  to  70  per  cent. 
solids.     Continuous  decantation. 

Tube-mill  product,  siliceous:  93.5  per  cent.  —  200 
mesh.  Feed  24.5  : 1.  Discharge  23.5  per  cent,  solids: 
used  to  feed  vanners. 

Tube-mill  product,  rather  argillaceous:  71  per  cent. 
—  200  mesh.  Feed  11:1.  Discharge  33  per  cent, 
solids  for  agitator.  Have  settled  to  65  per  cent, 
solids. 

Very  clayey  slime  with  classified  sand.  Screen  test: 
+  40.  1.48  per  cent.;  -{■  60,  7.27  per  cent.;  +  100, 
14.81  per  cent.;  +  200,  11.63  per  cent.;  -  200, 
65.81  per  cent. 

Settling  from  cold  water,  slightly  alkaline.  Feed 
8:1.     Discharge  50  per  cent,  solids,  1.429  sp.  gr. 

Settling  from  cyanide  solution.  Feed,  2.5:  1.  Dis- 
charge 40  per  cent,  solids,  1.316  sp.  gr. 

Considerable  argillaceous  slime.  Feed  10.4  per  cent, 
solids.     Discharge  25.3  per  cent,  solids. 

Thickening  ahead  of  vanner  concentration.  Feed 
2.8  per  cent,  solids.  Discharge  10.6  per  cent,  solids. 
Overflow  0.4  per  cent,  solids,  extremely  fine,  which 
does  not  interfere  with  using  water  again. 


^  Not  up  to  capacity  of  orerflow. 
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Operating  Data  on  Dorr  Thickeners     {Cordinued) 


MiU 


8q.  Ft. 

Sq.  Ft. 

SettUng 

SettUng 

Area  per 

Area  per 

Ton  of 

GaUon 

SoUdB 

Overflowed' 

Thickened 

per 

per  24  Hr. 

Minute 

Kemarkfl 


Nevada  ConBolidated, 
Ely,  Nev. 


Broken  Hill,  Proprie- 
tory, Australia. 

Anaoonda  Copper, 
Mont. 


1.25 


1.80 


5.95 


I 


"Eaoh  17-ft.  thickener  supplies  wash  water  for  20 
Wilfley  tables  and  occasionally  for  wash  on  vanners. 
One  thickener  has  a  greater  capacity  than  tweWe  %-i\ 
cones."  Area  of  17-ft.  tank  is  226  sq.  ft. ;  of  the  twelve 
8-ft.  cones,  525  sq.  ft. 

I  Dewatering  slime  from  lead-sino  oonoentratiou  mill. 

'  Food  100  : 1.  Discharge  55  per  cent,  solids. 
Dewatering  slime  from  concentrator.  Forty  4-deck 
thickeners,  each  28  ft.  in  diameter  by  3  ft.  3  in.  deep, 
handle  about  26,000,000  gal.  of  pulp  per  day  which 
contains  approximately  2  per  cent,  solids.  A  clear 
overflow  obtained,  the  underflow  containing  about 
15  per  cent,  solids,  which  is  fed  to  buddies. 


I 


The  data  given  here  show  that  when  pulp  is  carried  in  cyanide  solution  a  provision  of  5  to  6  sq.  ft. 
per  ton  for  a  siliceous  tube  mill  product  is  ample  and  from  7  to  15  sq.  ft.  for  a  clayey  material  or  dasaified 
slime  product.  When  very  dilute  products  are  handled  the  area  required  is  determined  usually  by  ihe 
gallons  per  minute  to  be  overflowed. 

Regtound  pulp,  when  the  original  material  is  not  homogeneous,  such 
as  an  ore  containing  quartz  and  some  argillaceous  material,  may  be  found 
to  have  what  D.  L.  H.  Forbes  has  well  called  a  "critical  density."  If 
we  attempt  to  thicken  it  below  this  density  a  segregation  may  occur  and 
the  more  siliceous  portion  of  the  pulp  be  discharged  while  an  accumula- 
tion of  fine  slime  takes  place  until  it  overflows,  even  though  the  feed  is 
greatly  reduced. 

An  increase  of  several  per  cent,  in  the  moisture  of  the  underflow  will 
cause  a  return  to  normal  conditions  and  the  thickener  will  have  again  its 
usual  capacity. 

These  conditions  have  been  observed  at  the  HolUnger  mill  at  Porcu- 
pine, where  a  mixture  of  quartz  and  schist  is  milled,  but  they  do  not 
appear  to  exist  at  the  Porcupine-Crown.  I  have  seen  some  indications 
that  the  slow  motion  of  the  arms  in  the  thickener  may  be  of  actual  service 
in  securing  a  thicker  discharge  than  could  be  obtained  by  undisturbed 
settling. 

Uses 

The  Dorr  thickener  was  orginally  introduced  in  cyaniding  for  thick- 
ening slime  or  reground  pulp  previous  to  agitation  and  filtration  and  came 
into  general  use  for  that  purpose.  The  advantages  of  continuous  thick- 
ening were  enhanced  when  continuous  agitation  was  shown  to  be  profit- 
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able  and  the  use  of  a  continuous  filter  made  a  complete  process  where 
actual  operating  labor  was  reduced  to  a  very  small  amount. 

Cantintums  CourUer-CurrerU  Decantation. — This  method  for  the  re- 
covery of  pregnant  solutions  was  first  operated  in  this  country,  I  believe, 
by  John  Randall  in  the  Black  Hills  in  1901  with  the  large  cones  heretofore 
mentioned.  Being  familiar  with  his  work  and  the  difficulties  met  in 
maintaining  continuous  operation  in  cones,  I  recognized  in  1907  that  the 
thickener  would  make  the  process  feasible,  and  designed  the  first  plant  to 
use  it  in  1910.  This  plant  has  been  in  successful  operation  up  to  the  time 
of  writing. 

Since  then  over  20  plants  have  been  erected  or  are  now  being  installed 
to  operate  by  this  method.  Several  of  them  are  replacing  filters  of  differ- 
ent types  with  results  apparently  satisfactory  to  their  owners,  although  no 
detailed  figures  have  yet  been  published. 

The  method  is  especially  adapted  to  the  treatment  of  quick-settling 
pulp  requiring  a  weak  solution  for  the  dissolution  of  gold  and  silver. 
Where  pulp  cannot  be  thickened  to  50  per  cent,  moisture  or  less,  or  where 
a  strong  solution  of  cyanide  is  required,  it  will  usually  pay  to  install  a 
j&lter  after  the  decantation  system  to  reduce  the  mechanical  loss  in  cyanide 
and  at  the  same  time  the  dissolved  losses  which  will  then  be  higher. 

The  subject  of  continuous  decantation  is  too  large  to  be  discussed  in 
detail  in  this  paper,  but  I  hope  that  a  paper  will  shortly  be  presented  to  the 
Institute  covering  actual  results  obtained  and  discussing  it  in  theory  as 
well  as  in  practice.  The  advantages  of  its  use  in  the  leaching  of  copper 
ores  with  acid  solutions  is  apparent,  as  was  demonstrated  by  Dr. 
Rudolph  Gahl  several  years  ago  in  a  test  plant  at  the  Detroit  Copper  Co. 
I  believe  that  considerable  test  work  is  now  being  done  on  the  same  line. 

Concentration, — The  use  of  the  thickener  in  concentration  followed 
shortly  after  its  wide  adoption  in  cyaniding.  The  Nevada  Consolidated 
Co.  was  the  first  of  the  lai^e  copper  companies  to  use  it  in  place  of  cones 
and  obtained  good  results,  as  is  shown  by  the  following  quotation  from  a 
letter  from  the  mill  superintendent  there: 

"...  One  thickener,  17  by  9  ft.  deep,  has  a  greater  capacity 
than  12  by  8  ft.  cone  tanks,  for  the  reason  that  there  is  only  1  unit  to 
watch  instead  of  12,  without  the  constant  result  of  feed  to  12  cones  be- 
coming unbalanced.  Also  the  one  8-in.  spigot  used  on  the  Dorr  requires 
no  attention  compared  with  the  dozen  |-in.  spigots  on  the  cones.     .     .    .'* 

It  will  be  noted  that  the  large  difference  in  capacity  per  square  foot  is 
attributed  to  advantages  in  regular  operation.  Under  test  conditions  no 
advantage  has  been  found  in  a  comparison  of  the  thickener  with  8-ft. 
cones  on  dilute  pulps. 

The  recent  installation  of  the  Anaconda  Copper  Co.  will  be  described, 
I  understand,  at  this  meeting. 

The  development  of  the  flotation  process  has  created  a  further  demand 
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for  the  machine  and  it  has  come  into  extensive  use  at  Broken  Hill,  and  in 
most  of  the  plants  in  this  country  using  that  process. 

The  idea  of  many  able  concentrating  men  that  the  capacity  of  a  settler 
is  in  proportion  to  its  peripheral  overflow  rather  than  its  area,  appears,  in 
fact,  to  have  no  good  foundation  where  large-sized  units  are  used  for  com- 
pletely settling  out  all  solids.  One  reason  for  this,  I  think,  is  that  in 
such  work  it  is  common  to  have  a  varying  amount  of  clear  liquid  always 
on  the  surface  of  the  tank.  When  thickening  pulp  in  an  alkaline  solution, 
as  in  cyanide  work,  where  there  is  a  sharp  line  between  a  coagulated  slime 
of  definitely  heavier  specific  gravity  and  clear  solution,  it  is  often  found 
that  a  thickener  will  have  nearly  the  same  capacity  if  the  overflow  is  taken 
off  by  a  pipe  at  one  point,  instead  of  by  a  peripheral  launder  carefully 
leveled.  With  the  above  conditions  there  will  be  a  flow  of  liquid 
directly  from  the  feed  box  in  the  center  to  the  overflow  pipe  at  one  side. 
This  will  naturally  tend  to  raise  the  slime  level  in  that  path  above  that 
in  the  remainder  of  the  tank,  and  as  a  result,  the  slime-bearing  liquid  will 
sink  as  if  it  were  a  non-miscible  liquid  of  greater  specific  gravity,  and  the 
clear  liquid  from  all  over  the  surface  of  the  tank  will  flow  toward  the 
outlet  pipe  in  its  place.  Samples  taken  at  varying  depths  have  shown 
almost  equal  density  at  equal  depths  at  points  in  the  path  of  such  a  flow 
and  at  the  opposite  side  of  tl^e  tank. 

I  do  not  wish  to  be  understood  as  recommending  the  omission  of  the 
overflow  launder;  for  when  a  tank  is  crowded  to  its  limit  it  always 
allows  more  leeway  before  the  slime  overflows,  and  many  operators 
have  found  considerable  increase  in  capacity  by  its  use,  but  cite  this  as 
bearing  on  the  relations  between  capacity  and  area. 

Caetani  has  discussed  the  matter  very  thoroughly  in  the  Mining  and 
Scientific  Press  of  Mar.  22,  1913. 

Recent  work  has  shown  the  advantages  of  thickening  both  ahead  of. 
and  after  flotation  to  the  greatest  density  possible,  using  the  warm  over- 
flow of  the  final  thickeners  to  dilute  the  underflow  of  those  ahead  of 
flotation  to  the  proper  density  for  that  process.  This  means  conservation 
of  a  large  percentage  of  the  heat  required  and  also  a  large  saving  in  oil 
needed.  One  plant  now  following  this  procedure  has  found  that,  whereas 
laboratory  tests  indicated  that  over  i  lb.  of  oil  was  required  per  ton,  the 
actual  consumption  does  not  exceed  i  lb. 

Industrial  Uses. — The  thickener  has  been  used  successfully  in  rubber 
reclamation  to  settle  some  finely  divided  residues  and  it  would  appear 
that  there  should  be  many  opportunities  for  its  use  where  operations  are 
on  a  large  enough  scale  to  make  the  advantages  of  continuous  over  inter- 
mittent work  apparent.  At  one  plant  its  introduction  saved  the  labor 
of  12  men. 

Acid-proof  Thickeners. — The  absence  of  submerged  wearing  parts  has 
made  the  construction  of  acid-proof  thickeners  a  comparatively  simple 
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matter  and  we  have  manufactured  them  for  the  Chiquicamata  plant  of 
the  Chile  Exploration  Co.,  and  for  the  Butte-Duluth  Copper  Co. 

The  Dorr  Tray  Thickener 

The  tray  thickener  was  designed  by  me  in  1913  for  the  purpose  of 
securing  large  settling  area  in  a  comparatively  small  space.  I  have  not 
wished  to  make  the  invention  widely  known  until  we  have  had  ample 
experience  with  actual  operation  under  various  conditions.  Its  devel- 
opment has  been  slow,  owing  to  my  desire  to  determine  by  actual  in- 
stallations, its  limitations,  advantages,  and  the  simplest  methods  of 
construction. 

Description 

The  basic  principle  lies  in  the  use  of  a  plurality  of  superimposed 
shallow  settling  areas  operating  with  a  common  mechanism  either  in 


Fia.  7. — The  Dorb  Tray  Thickeneb.    Superposed  Type  (Patent  Applied  for). 


separate  tanks,  as  in  the  installation  at  Anaconda,  Fig.  7,  or  with  sub- 
merged trays  in  a  deep  tank,  as  at  the  Homestake,  Tomboy,  and  Liberty 
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Bell.     The  former  method  presents  the  advantages  of  accessibility,  but 
the  latter  requires  less  head  for  a  given  capacity  and  gives  no  loss  of 


CMACMAMcr  raon  kOMtn  vmrv  or  rttt- 

Fig.  8. — The  Dorr  Tray  Thickener.    Submerged  Type  (Patent  Applied  for). 


mill  height  for  the  overflow.     It  has  the  merit  of  offering  a  simple  means 
of  increasing  the  capacity  of  any  thickener  in  operation  without  the  need 


Tank  ot-full  ca^Mcity 
FUci 


S^.Gr.     I.04 


Overflew 


Feea 
Sp.Qr.        I.04 
TbtlS    Sou 


UnaerfLcir 
S^Cr.       1.505 


Uwderflott 
Totol     9*.8    *«^» 


Total      t9X  ton% 
SoLUt   93     ^n6 

Fig.  9. — Test  of  Dorr  Tray  Thickener  at  Homestake  Mill,  Lead,  S.  D. 


of  adding  building,  foundations,  superstructures  or  materially   changing 
launders,  etc.     We  have  only  gone  as  far  as  adding  one  tray  at  present, 
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in  the  case  of  the  submerged  trays,  but  have  found  no  reason  why  two 
or  three  should  not  be  used. 

Fig.  8  shows  our  latest  type  of  tray  supported,  as  will  be  noted, 
both  from  the  side  and  bottom  of  the  tank.  A  cup  attached  to  the 
rotating  shaft  carries  a  rubber  gasket  which  makes  contact  with  the  small 
cone  in  the  center  of  the  tray  and  prevents  passage  of  the  slime  to  the 
space  below.  The  thick-slime  discharge  is  carried  out  at  the  side  of  the 
tank  at  present.  Each  settling  space  has  an  independent  feed  but  the 
combined  overflow  of  both  is  usually  taken  oS  at  the  rim  of  the  tank. 
It  has  been  found  unnecessary  to  make  the  tray  strong  enough  to  support 
itself  when  full  with  the  tank  below  empty,  as  an  automatic  float  is  pro- 
vided to  connect  the  tanks  in  an  emergency. 

The  first  test  made  on  this  type  was  at  on^  of  the  settling  plants  of 
the  Homestake  Mining  Co.  through  the  courtesy  of  A.  J.  Clark,  metal- 
lurgist in  charge,  and  gave  the  results  shown  in  Fig.  9.  As  will  be 
noted,  the  tray  was  added  to  a  cone-bottomed  tank  and  the  depth  is 
greater  than  usual.  It  showed  an  increase  in  capacity  of  approximately 
90  per  cent. 

The  first  tray  to  be  installed  in  a  Dorr  thickener,  already  in  operation, 
was  at  the  Tomboy  last  fall  and  since  then  they  have  been  added  at  the 
Liberty  Bell  and  Tonopah-Belmont.  We  have  also  furnished  more  to 
the  Tomboy. 

Capacity 

Careful  tests  at  the  Liberty  Bell,  where  a  very  good  form  of  automatic 
distributor  of  pulp  is  in  use,  indicate  that  under  conditions  there,  the  tray 
placed  in  a  33  by  10  ft.  thickener  has  added  100  per  cent,  of  its  settling 
capacity.  The  tests  mentioned  and  those  made  by  the  Anaconda  Co. 
indicate  that  the  additional  capacity  to  h^  obtained  by  the  addition 
of  the  tray  will  depend  upon  the  relative  depth  and  discharge  of  the  tank 
in  which  it  is  placed,  the  dilution  of  the  feed  and  the  underflow,  and  the 
nature  of  the  material  settled.  It  appears  conservative  to  estimate  that 
an  addition  of  from  70  to  95  per  cent,  can  thus  be  made.  It  must  be 
recognized  that  a  deep  tank  has  a  definite  reserve  capacity  which  is  val- 
uable when  the  feed  and  settling  qualities  of  the  pulp  vary.  If  such 
variations  occur  during  each  day  a  thickener  12  ft.  deep  might  need  only 
the  area  required  by  ^he  average  feed,  while  one  3  or  4  ft.  deep  would  have 
to  be  able  to  handle  the  maximum  feed  during  a  period  and  so  might  re- 
quire considerably  larger  diameter.  Mr.  Waddell,  manager  of  the  Ohio 
Copper  Co.,  has  told  me  that  the  variations  in  the  slime  at  the  Nevada 
Consolidated  were  so  great  that  tanks  20  ft.  deep  were  warranted  as 
equalizers.  This  plant  now  has  eight  tanks  50  ft.  in  diameter  by  20  ft. 
deep  besides  13  smaller  ones. 

The  greatest  field  for  the  tray  thickener  is  where  tanks  have  to  be 
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housed  and  space  is  valuable;  or  heated  Rulps  have  to  be  settled  and  a 
minimum  of  radiation  is  required. 


The  Dorr  Agitator 

History 

The  Dorr  agitator  was  designed  in  1910  for  a  mill  that  I  was  then  plan- 
ning, but  as  it  was  decided  to  omit  agitation  at  first,  it  reached  the  Patent 
Office  before  receiving  an  actual  test.  The  first  work  done  with  it  on  a 
small  scale  was  by  Noel  Cunningham,  now  superintendent  of  the  Hollinger 
mill,  who  at  that  time  was  doing  some  test  work  for  Mr.  Jones  of  the  Bel- 


FiG.  10. — The  Dorr  Agitator  (Patented). 

mont,  and  the  results  obtained  showed  an  average  of  nearly  4  per 
cent,  better  extraction  than  was  made  by  the  Pachuca  tank  against 
which  it  was  tested. 

The  first  machine  to  operate  on  a  conamercial  scale  was  installed  at  the 
mill  of  the  Hollinger  Mines,  Ltd.,  to  handle  an  extremely  quick-settling 
siliceous  product  which  wouid  stall  the  agitators  originally  used  in  36  hr. 
It  proved  entirely  successful  and  was  operated  for  four  months  when  a 
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change  to  partial  continuous  decantation  made  direct  agitation  un- 
necessary and  it  was  replaced  by  a  thickener.  The  second  installation  of 
machines  proved  able  to  handle  a  30-mesh  product  successfully. 

Early  in  1913  agitators  were  installed  to  handle  concentrates  at  the 
high-grade  mill  of  the  Buffalo  mines,  at  Cobalt,  and  they  have  given 
continuously  good  results  on  this  most  difficult  work. 


Descripiion 

The  Dorr  agitator  as  now  made  consists  of  a  vertical  pipe  suspended 
in  the  center  of  a  tank  carrying  at  its  lower  end  hinged  sweeps  with 


Fig.  11. — Three  Dorr  Agitators,  32  Ft.  Diameter  by  15  Ft.  Deep,  at  Buck- 
horn  Mill,  Nevada. 

scrapers  adapted  by  their  rotation  to  bring  any  settled  material  to  the 
pipe.  The  upper  end  of  the  pipe  terminates  in  a  head  casting  carrying 
two  distributing  launders  and  supported  by  a  short  vertical  shaft  with 
driving  mechanism  carried  by  the  roof  trusses  of  the  building  or  a  special 
truss  over  the  tank. 
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A  worm  and  sheaves  provide  means  for  raising  or  lowering  the  hinged 
arms  at  will.  Air  is  introduced  into  the  lifting  pipe  either  at  the  bottom  or 
by  means  of  a  pipe  through  the  shaft,  which  is  then  made  hollow. 

Fig.  10  shows  the  machine  and  the  method  of  operation.  The  Dorr 
agitator  may  be  briefly  described  as  a  Dorr  thickener,  with  only  two  hinged 
arms,  and  a  central  air-lift  pipe  with  distributing  launders  substituted 
for  the  central  shaft.  Fig.  11  shows  three  of  these  machines  operating 
in  the  Buckhorn  mill,  Nevada. 

Speed 

The  speed  can  be  regulated  to  suit  conditions.  It  is  usually  operated 
at  from  1  to  3  rev.  per  minute,  depending  on  the  size  of  the  tank  and 
nature  and  density  of  the  pulp  being  agitated. 

Power 

The  mechanical  power  taken  varies  from  i  to  2  or  3  h.p.  according  to 
the  size  of  tank,  speed,  nature  and  dilution  of  the  pulp  handled.  The 
air  required  is  from  8  to  40  cu.  ft.  per  minute  at  10  to  20  lb.  pressure. 

Tables  below  show  data  as  given  us  by  some  of  the  engineers  using  the 
agitators.  It  will  be  recognized  that  it  is  diflBcult  to  measure  small 
quantities  of  low-pressure  air  and  mechanical  power  and  to  secure  satis- 
factory data  on  the  operation  of  individual  machines. 

The  following  covers  what  we  have  been  able  to  secure  on  the  opera- 
tion of  our  agitators: 

Data  on  Operation  of  Dorr  Agitators 

Buffalo  Mines,  Cobalt,  Ont. 
Agitators  on  Concentrates  in  High-grade  Mill 


Tank, 

Speed, 

Dilution 

Cu.  Ft.  Free  Air 

Feet 

Rev.  per  Min. 

per  Minute 

20  by  12 

10 

1  :2.8 

28 

10  by  10 

7 

1  :2.8 

. , 

10  by  10 

9 

1  :2.8 

10  by  10  • 

3 

1  :2.8 

. , 

"  Using  worm-gear  drive. 

Mechanical  power  not  measured;  all  machines  giving  good  results. 
Agitator  on  Slime  from  Low-grade  Mill 

Tank  DUution  Cu.  Ft  Jree  Air  per 

Mmute 
16  ft.  6  in.  by  19  ft.  1:1  40 

The  air  measurements  on  these  agitators  were  carefully  made  and  w^  Qtated  to  be 
accurate  within  1)  per  cent. 
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Nevada  Hills,  Nevada 

Size  of  agitator,  30  by  14  ft.; speed,  6  rev.  per  minute;  capacity,  80  tons  solids 
at  1  : 2};  semi-siliceous  silver  ore,  70  per  cent.,  200  mesh;  mechanical  power,  1.4  h.p.; 
air,  50  cu.  ft. 

Remarks:  *' Agitation  good;  no  dead  areas;  no  cost  for  repairs  in  1}  years; 
practically  no  attendance/' 

Liberty  BeU,  Colorado 

Ore  largely  silver,  17  per  cent.  -flOO,  70  per  cent.  —200  mesh;  dilution  1 :2 .  15. 

Size  of  agitator,  33  by  11  ft.  Air  that  passes  a  {-in.  hole  in  ^-m.  lead  gasket  at 
about  19  lb.  pressure. 

Size  of  agitator,  17  by  17  ft.  Cone  bottom  (formerly  used  for  Hendryx  agitator). 
Air  passing  through  -ff-in.  hole  in  gasket;  mechanical  power  about  0.4  to  0.5  h.p. 
at  8  rev.  per  minute. 

Remarks:  Results  of  five  tests  showed  practically  no  difference  in  extraction  as 
compared  with  the  Hendryx. 

Tonopah  Mining  Co,,  Nevada 

Ore  silver,  75  per  cent.  —200  mesh;  dilution  1:1. 

Size  of  agitator,  36  by  20  ft.  Total  power  for  air  and  mechanical  operation  esti- 
mated at  5  h.p.;  speed,  3  rev.  per  minute;  power  estimated  for  paddle  agitator  with 
four  air  lifts  previously  used,  17  h.p. 

Remarks:  '^Results  satisfactory  in  every  way." 

Mogul  Mining  Co.,  South  Dakota 

Siliceous  gold  ore,  60-mesh  product,  7  per  cent,  -i-100  mesh;  64  per  cent.  —200 
mesh.     Dilution  1  :li. 

Size  of  agitators,  16  by  16  ft.  Air  that  passes  A-in-  diaphragm  at  15  lb.  pres- 
sure; power  at  2  rev.  per  minute,  measured  by  spring  transmission  to  bevel-gear 
shaft,  ^  h.p. 

Buckhom  Mines  Co.,  Nevada 

Ore,  gold,  very  clayey. 

Motor  input  on  three  32  by  15  ft.  agitators  and  lineshaft,  2.82  h.p.;  actual  output 
(aUowing  for  power  factor)  2.13  h.p.  Agitation  satisfactory;  extraction  reported  to 
be  better  than  tests  indicated. 

Ophir  Mines,  Colorado 

(Not  in  operation) 

Ore,  gold;  75  per  cent.  —200  mesh,  somehat  clayey;  dilution,  1:1. 
Size  of  agitators,  16  by  16  ft.     Air,  8  to  10  cu.  ft.;  about  201b.  pressure;  speed,  1 
rev.  per  minute;  mechanical  power  under  i  h.p. 

These  agitators  ran  satisfactorily  on  30-mesh  stamp  product. 

Renewals 

Any  machine  of  this  type  can  be  broken  when  started  with  the  pulp 
packed  if  the  arms  have  not  been  raised.    It  has,  however,  stood  up 


Digitized  by 


Google 


2072  THE   DORR  HYDROMBTALLURGICAL  APPARATUS 

under  very  hard  usage  and  demonstrated  that  with  very  ordmary  care 
there  should  be  no  breakage  even  with  quick-settling  material.  All  parts 
subject  to  a  normal  wear  will  last  several  years. 

Efficiency 

The  value  of  an  agitator  depends  on  the  cost  of  making  the  maximum 
economic  extraction  by  its  use.  This  will  be  determined  by  its  cost  of 
agitation  per  ton  per  hour  and  the  time  required  to  obtain  dissolution. 

All  the  data  I  have  been  able  to  obtain  indicate  that  the  cost  of  agita- 
tion per  hour  is  extremely  low.  Extraction  tests  that  have  been  made  in- 
dicate that  the  rate  of  dissolution  on  both  gold  and  silver  ores  in  Dorr 
agitators,  with  a  uniform  although  less  violent  agitation,  is  at  least  as 
rapid  as  in  any  other  agitators  with  which  it  has  been  compared. 

The  most  favorable  conditions  for  the  dissolution  of  gold  and  silver  in 
cyanide  solution  vary  with  each  ore  treated.  The  maintenance  of  an 
excess  of  dissolved  oxygen  throughout  the  whole  mass  of  pulp  and  the  free 
movement  of  all  particles  of  solids  in  the  liquid  immediately  adjacent 
seem  to  be  the  only  conditions  that  can  be  generally  specified. 

Definite  work  both  in  milling  and  the  laboratory  indicate  that  many 
ores  will  give  a  more  rapid  extraction  and  allow  the  use  of  a  weaker  solu- 
tion when  agitated  as  a  dilute  pulp  of  3  to  1  or  4  to  1,  and  also  cause  less 
chemical  consumption  of  cyanide. 

The  Dorr  agitator  with  its  combination  of  air  and  mechanical  agita- 
tion gives  a  flexibility  that  is  apparent  and  it  insures  keeping  aU  the  solids 
in  suspension  all  the  time  whether  the  pulp  is  subjected'to  a  gentle  or  a 
violent  movement.    This  is  essential  especially  in  continuous  agitation. 

It  will  thus  be  seen  that  the  intensity  of  agitation  can  be  regulated  to 
suit  the  chemical  needs  of  the  ore  being  treated,  rather  than  the  mechanical 
necessity  of  keeping  it  in  suspension  in  all  parts  of  the  tank. 

Selective  Agitation 

The  question  of  selective  agitation  was  discussed  by  Mark  R.  Lamb^ 
in  the  Transactions  of  the  Institute.  As  used  here  the  expression  is  taken 
to  mean  continuous  agitation  under  conditions  which  cause  the  coarser 
particles  of  the  ore  to  remain  in  the  agitator  longer  than  the  averge  time 
of  treatment  and  thus  give  them  the  longer  exposure  they  may  require 
to  obtain  the  best  extraction. 

This  can  be  accomplished  readily  with  the  Dorr  agitator  by  agitating 
at  a  dilution  which  allows  the  coarser  material  to  classify  out  and  dis- 
charging the  raised  pulp  near  the  center  while  the  outflow  is  taken  from 
near  the  periphery.     It  will  be  seen  that  if  a  segregation  takes  place  and 

1  Trans.,  xl,  775  (1909). 
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the  agitator  is  fed  a  pulp  carrying  10  per  cent,  plus  100  mesh,  the  dis- 
charge may  be  only  5  per  cent,  plus  100  mesh  at  first.  With  twice  as 
much  inflow  as  outflow  of  100-mesh  material  it  will  concentrate  in  the 
agitator  while  gradually  increasing  in  the  outflow  until  an  equilibrium 
may  be  reached  in  which  the  feed  and  discharge  will  both  be  10  per  cent, 
and  the  average  pulp  in  the  tank  20  per  cent.,  so  that  the  exposure  of 
coarse  sand  would  be  approximately  double  the  average.  While  this  is 
theoretical,  enough  work  has  been  done  to  indicate  that  the  idea  can  be 
put  to  practical  use. 

Conclusion 

In  closing  this  description  of  Dorr  equipment  I  wish  to  express  my 
indebtedness  to  many  friends  in  charge  of  the  operation  of  plants  using  it, 
who  by  their  constructive  criticism  and  willingness  to  suggest  and  try  out 
new  ideas  have  greatly  assisted  me  In  making  the  many  improvements 
that  have  been  added  from  time  to  time  and  overcoming  weak  points  as 
they  have  developed. 

The  classifier,  for  example,  was  designed  originally  to  handle  100  tons 
of  ore  per  day;  but  more  work  has  been  thrust  upon  it  until  at^the  Gold- 
field  Consolidated  it  has  taken  care  of  260  tons  daily,  including*^tube-mill 
returns.  The  demand  of  A.  H.  Jones,  of  the  Tonopah-Belmont  mill, 
that  it  be  made  capable  of  acting  as  a  sump  to  take  the  drainage  of  the 
tube  mill  led  to  the  designing  of  the  present  type.  Model  C,  with  rakes 
that  can  be  readily  raised  10  in.  at  the  lower  end. 

I  am  particularly  indebted  to  D.  J.  Nevill,  of  Stearns-Roger  Manu- 
facturing Co.,  who  is  our  consulting  mechanical  engineer  and  who  is 
largely  responsible  for  the  mechanical  development  of  the  present 
machines. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Salt  Lake  meeting,  August,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discosmon  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York«  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1, 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Annealing  of  Cold-Rolled  Copper 

BY  EARL  8.  BARDWBLL,   GREAT  FALLS,   MONT. 
(Salt  Lake  Meeting,  August*  1914) 

The  determination  of  suitable  and  safe  annealing  temperatures  is  one 
of  the  most  important  problems  arising  in  the  operation  of  a  copper  rolling 
mill.  Certain  of  the  larger  mills  have  worked  this  problem  out  for  them- 
selves and  in  these  mills  the  operation  has  become  more  or  less  standard- 
ized. In  some  of  the  mills  pyrometers  are  used  to  measure  the  tempera- 
ture of  the  annealing  furnaces  and  careful  watch  is  kept  to  see  that  over- 
heating does  not  take  place.  In  a  considerable  number  of  the  mills, 
however,  dependence  is  placed  entirely  on  the  judgment  of  the  operator. 
The  almost  total  lack  of  literature  bearing  on  this  subject  seems  sufficient 
warrant  for  the  publication  of  this  paper. 

The  discussion  of  this  subject  naturally  divides  itself  into  two  parts: 
(1)  The  effect  of  annealing  temperature  on  physical  properties;  and  (2) 
changes  in  the  microstructure  of  refined  copper  due  to  cold  rolling  and 
annealing. 

I.  The  Effect  of  Annealing  Temperature  on  Physical  Properties 

For  the  purpose  of  investigating  this  phase  of  the  subject  six  test  bars 
were  selected,  varying  in  oxygen  content  between  the  limits  of  0.036  and 
0.070  per  cent.  The  chemical  composition  of  each  of  these  test  bars  was 
as  follows: 

Bar  Number 
12  3  4  5  6 

Copper  +  silver d9.95        99.92        99.945      99.94        99.95        99.93 

Oxygen 0.041        0.070        0.046        0.050        0.036        0.058 

As  +  Sb 0.0038      0.0038      0.0038      0.0038      0.0031       0.0031 

The  bars  were  heated  in  an  electric  muffle  to  about  1,650°  F.  and  rolled 
into  rods.  The  rods  were  annealed,  pickled,  and  drawn  to  No.  12  B.  & 
S.  gauge  wire.  The  wire  which  waf  to  be  used  for  the  annealing  test  was 
cut  into  38-in.  lengths  and  each  length  made  into  a  coil  6  in.  in  diameter. 
The  separate  coils  were  marked  so  that  they  might  readily  be  identified 
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as  they  were  taken  out  of  the  annealing  furnace.  For  annealing  the  wires 
an  electric  muffle  was  used  and  the  annealing  temperatures  were  measured 
by  means  of  a  thermo-couple.  The  temperatures  as  measured  are  accu- 
rate to  about  10°  and  we  were  able,  in  practically  every  case,  to  so  regulate 
the  furnace  that  the  temperature  did  not  rise  more  than  20°  above  or  fall 
more  than  20°  below  the  desired  temperature  while  the  wires  were  in  proc- 
ess of  being  annealed.  The  muffle  was  brought  to  the  desired  tempera- 
ture and  &ix  wires,  one  from  each  of  the  test  bars,  were  introduced. 
The  wires  were  allowed  to  remain  in  the  furnace  for  20  min.,  at  the 
end  of  which  time  they  were  removed  and  plunged  into  a  dilute  sul- 
phuric acid  solution  to  remove  scale.  In  this  manner  wires  from  each  of 
the  test  bars  were  annealed  at  a  series  of  temperatures  varying  be- 
tween the  limits  of  300°  and  1,800°  F. 

ElectrO'CondiLctivity  of  Annealed  Wires, — The  conductivities  of  the 
wires  were  measured  by  means  of  a  Hoopes  bridge  manufactured  by  the 
Leeds-Northrup  Co.,  of  Philadelphia.  The  results  of  the  conductivity 
tests  are  given  in  Table  I. 

Table  I. — Conductivities  of  Copper  Wires  Annealed  ai  Various  Tempera- 
tures for  20  Min. 


Temperature, 

Per  cent. 

Conductivities  of  Wires  Drawn  from  Bar  1 

*^umbere 

Degrees  F. 

1 

2 

3 

4 

5 

6 

60 

97.3 

96.2 

97.6 

96.9 

97.2 

97.0 

300 

97.45 

96.35 

97.6 

97.1 

97.4 

96.9 

400 

97.5 

96.4 

97.8 

97.1 

97.5 

97.1 

525 

97.8 

96.6 

97.9 

97.3 

97.7 

97.4 

626 

97.9 

97.2 

98.0 

97.5 

97.9 

97.4 

700 

99.5 

99.0 

100.0 

100.0 

99.9 

99.8 

«00 

100.3 

99.6 

100.4 

100.0 

100.3 

100.1 

900 

100.2 

99.6 

100.4 

100.0 

100.3 

100.1 

1,000 

100.3 

99.5 

100.3 

100.0 

100.2 

100.1 

1,100 

100.3 

99.3 

100.3 

99.9 

100.1 

99.9 

1,200 

100.2 

99.3 

100.3 

100.0 

100.1 

99.9 

1,300 

100.1 

99.2 

100,3 

99.9 

100.2 

99.8 

1,400 

100.1 

99.1 

100.3 

100.0 

99.9 

99.5 

1,500 

99.85 

98.7 

100.1 

99.6 

99.65 

99.2 

1,600 

99.4 

98.5 

99.65 

99.1 

99.25 

98.7 

1,700 

98.9 

97.6 

98.7 

98.3 

98.3 

98.1 

1,800 

97.8 

96.7 

98.0 

97.3 

97.0 

97.0 

The  per  cent,  conductivity  is  referred  to  the  annealed  copper  standard, 
which  at  20°  C.  is  represented  by  a  resistivity  of  0.15328  ohm  (meter, 
gram).  The  conductivities  reported  at  60°  F.  are  the  conductivities  of 
the  hard-drawn  wire.  The  low  conductivities  in  the  case  of  wires 
annealed  at  temperatures  between  300°  and  700°  F.  are  due  to  imperfect 
or  incomplete  annealing,  whereas  the  low  conductivities  obtained  in  the 
case  of  wires  annealed  at  the  higher  temperatures  are  due  to  changes  in 


Digitized  by 


Google 


THE   ANNEALING  OF  COLD-ROLLED   COPPER 


2077 


the  physical  structure  of  the  copper  brought  about  by  annealing  at  these 
temperatures. 

The  curves,  Fig.  1,  are  plotted  with  conductivities  as  ordinates  and 
temperatures  at  which  the  wires  were  annealed  as  abscissae.  It  will  be 
noted  that  until  an  annealing  temperature  of  about  600**  F.  is  reached  the 
conductivity  increases  very  gradually;  between  600°  and  800*^  F.  a  very 
rapid  increase  in  conductivity  takes  place.  Wires  annealed  at  800**  F. 
and  at  higher  temperatures  up  to  1,200®  F.  show  very  little  or  no  decrease 
in  conductivity.  Wires  annealed  at  temperature  higher  than  1,200'^  F. 
in  general  show  a  decrease  in  conductivity,  slight  at  first,  but  increasing 
rapidly  until  in  the  case  of  wires  annealed  at  1,800°  F.  the  conductivity 
has  become  very  nearly  equal  to  that  of  the  hard-drawn  wire. 
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Fig.  1. — Variation  in  Ck)NDUcnviTT  op  Copper  Wires  with  Variations  in 
Annbalinq  Temperature, 

It  is  interesting  to  note  that  wires  drawn  from  ban  1,  3,  4,  and  5  show 
no  considerable  decrease  in  conductivity  until  an  annealing  temperature 
in  excess  of  1,400°  is  attained,  whereas  the  wires  drawn  from  bars  2  and  6 
show  a  marked  decrease  in  conductivity  when  annealed  at  a  temperature 
higher  than  1,200**  F.  This  is  more  especially  marked  in  the  case  of  the 
wire  drawn  from  bar  2,  which  bar  is  the  higher  in  oxygen. 

Tensile  Strength  and  Elongation  of  Annealed  Wires. — After  testing  the 
annealed  wires  for  conductivity  they  were  tested  for  tensile  strength  and 
elongation.  In  making  the  tensile-strength  determinations  1-ft.  lengthiF 
of  each  of  the  various  wires  were  u^ed  and  the  elongation  measured  to 
thousandths  of  an  inch.  Slight  imperfections  in  the  wire  are  ref  ponsible 
for  the  erratic  results  obtained  in  the  case  of  several  of  the  wires.  Results 
which  were  clearly  due  to  flaws  in  the  wire  have  been  disregarded. 

Table  II  gives  the  results  of  the  tensile-strength  tests.  In  Fig.  2  these 
results  are  shown  graphically.  ^  ^ 
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Fig.  2. — ^Variation  in  Tensile  Strength  of  Copper  Wire  with  Variations  in 

Annealing  Temperature. 


Table  II. — Tensile  Strength  of  Copper  Wires  Annealed  ai  Varurus 
TempercUures  for  20  Min. 


Temperature, 
Degrees  F. 


60 

300 

400 

625 

625 

700 

800 

900 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 

1,600 

1,700 

1,800 


Tensile  Strength,  Pounds  per  Square  Inch,  of  Wires  Drawn 
from  Bar  Number 


63,100 
62,800 
61,200 
61,200 

39,400 
36,200 
35,800 
36,900 
35,800 
3B,400 
34,700 
36,900 
36,400 
38,200 
38,100 
38,400 


65,700 
62,500 
61,750 
61,750 
60,750 
37,800 
36,400 
37,000 
37,000 
35,600 
37,000 
36,800 
35,600 

38,700 
38,600 
39,800 


66,700 
63,500 
61,900 
59,200 
58,100 
38,200 
36,200 
36,200 
36,800 
36,400 
36,400 
37,200 
37,400 
38,400 
37,400 
38,000 
39,200 


66,100 
60,000 
59,900 
59,800 
57,400 
37,800 
37,000 
36,200 
36,200 
36,200 
35,800 
35,200 
36,400 
37,600 
35,200 
36,900 
37,200 
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63,700 
63,800 
61,700 
61,800 
62,500 
35,800 
37,000 
33,500 
36,000 
35,400 
35,100 
35,500 
36,200 
35,800 
37,700 
37,400 
37,300 


6 

65,600 
63,800 
62,500 
61,800 

37,400 
36,600 
36,200 
36,200 
36,200 
36,600 
35,600 

36,400 
37,800 
38,900 
37,200 
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The  tensile  strength  was  figured  by  multiplying  the  breaking  weight 
in  pounds  by  the  reciprocal  of  the  cross-sectional  area  in  square  inches. 
The  scale  formed  by  annealing  and  subsequently  removed  by  pickling 
caused  a  considerable  reduction  in  the  cross-sectional  areas  of  wires 
annealed  at  the  higher  temperatures. 

The  curves  show  essentially  the  same  characteristics. 

In  the  range  between  300^  and  600*^  there  is  a  slight  decrease  in  ten- 
sile strength,  followed  by  a  sudden  drop  in  the  narrow  range  between  600** 
and  700°.  Between  700**  and  1,400"*  there  is  very  little  change  in  the  ten- 
sile strength,  which  reaches  a  minimum  at  about  1,100**.  Beyond  1,400° 
the  tensile  strength  seems  to  increase  elightly. 

Table  III  gives  in  detail  the  per  cent,  elongation  obtained  in  the 
case  of  each  wire. 

Table  III. — Per  Cent.  Elongation  of  Copper  Wires  Annealed  at  Variov^s 
Temperatures  for  20  Min, 


Temperature, 

Per  cent 

;.  Elongation  of  Wires  Drawn  from  Bar  Number 

Degrees  F. 

1 

2 

3 

4 

5 

6 

60 

0.7 

0.9 

1.0 

0.9 

1.2 

1.0 

300 

1.7 

1.9 

1.7 

1.5 

1.9 

1.6 

400 

1.7 

1.9 

2.3 

2.1 

1,7 

1.9 

525 

1.6 

2.3 

1.8 

2.1 

2.0 

2.0 

625 

2.6 

2.7 

1.8 

2.0 

1.8 

700 

21.2 

39.4 

35.2 

29.6 

26.1 

28.5 

800 

46.0 

42.6 

48.0 

42.4 

42.4 

40.5 

900 

46.8 



43.2 

43.6 

41.2 

41.8 

1,000 

42.7 

43.2 

44.5 

42.7 

41.1 

41.2 

1,160 

46.2 

.... 

45.3 

43.8 

41.8 

40.0 

1,200 

42.6 

.... 

49.7 

41.2 

42.5 

42.1 

1,300 

43.7 

42.0 

43.6 

43.5 

41.9 

41.8 

1,400 

41.7 

42.8 

40.8 

40.1 

41.4 

40.0 

1,500 

37.7 

39.0 

38.4 

34.8 

37.9 

1,600 

32.9 

37.2 

.... 

.... 

36.8 

35.2 

1,700 

34.6 

34.0 

32.9 

32.3 

33.1 

34.4 

1,800 

26.3 

25.6 

28.7 

30.0 

28.3 

27.4 

These  results  are  shown  graphically  in  Fig.  3.  As  will  be  noted  upon 
examining  the  curves,  there  is  a  slight  increase  in  the  per  cent,  elongation 
as  we  pass  from  300°  to  600°,  followed  by  a  rapid  increase  in  the  range 
between  600°  and  800°.  From  800°  to  1,300°  the  per  cent,  elongation 
remains  fairly  constant,  reaching  a  maximum  at  about  1,100°,  after  which 
it  decreases  slowly  at  first  and  then  more  rapidly  until  at  1,800°  the 
elongation  is  from  15  to  20  per  cent,  lower  than  in  the  case  of  wires  an- 
nealed at  1,100°. 

In  Table  IV  the  results  of  physical  tests  on  the  six  wires  annealed  at 
different  temperatures  will  be  found  averaged. 
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Fig.  4. — Variation  op  Physical  Properties  of  Copper  Wire  with  Variations  in 

Annealing  Temperature. 
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Table  IV. — Composite  Tabulation  of  ReavUs  of  Physical  Tests  on  Wires 
Annealed  at  Different  Temperatures 


Temperature, 

Conductivity, 

Pounds  per 
Square  Inch 

Elongation, 

Degrees,  F. 

Per  cent. 

Per  cent. 

60 

97.0 

65,150 

0.9 

300 

97.1 

62,750 

1.7 

400 

97.2 

61,490 

1.9 

625 

97.4 

60,925 

2.0 

625 

97.6 

59,690 

2,1 

700 

97.7 

37,730 

30.0 

800 

100.1 

36,570 

43.6 

900 

100.1 

35,820 

43.3 

1,000 

100.1 

36,520 

42.5 

1,100 

100.0 

35,930 

43.4 

1,200 

100.0 

36,220 

43.6 

1,300 

99.9 

35,820 

42.7 

1,400 

99.8 

36,500 

41.1 

1,500 

99.5 

36,920 

37.5 

1,600 

99.1 

37,500 

35.5 

1,700 

98.3 

37,980 

33.5 

1,800 

97.3 

38,180 

27.7 

These  data  are  plotted  in  Fig.  4.  The  curves  show  that  the  range  be- 
tween 800**  and  1,300**  F..  is  best  suited  for  annealing.  Wires  annealed 
at  around  1,100**  F.  have  the  maximum  conductivity,  maximum  per 
cent,  elongation,  and  minimum  tensile  strength. 

Captain  C.  Grard,  of  Paris,  France^  has  carried  out  a  series  of  tests 
with  reference  to  the  effect  of  various  annealing  temperatures  on  cold- 
worked  brasses  of  various  compositions  and  copper.  This  investigator 
has  not  studied  the  effect  of  annealing  temperature  upon  the  electro- 
conductivity  of  the  copper;  he  has,  however,  studied  the  effect  of  the 
annealing  temperature  upon  the  tensile  strength  and  elongation  of  cold- 
worked  copper.  Fig.  5  is  a  reproduction  of  the  curves  given  in  Grard's 
paper.  In  Fig.  5  the  temperatures  are  expressed  in  degrees  centigrade, 
whereas  in  Figs.  1,  2,  3,  and  4  the  temperatures  are  given  in  degrees 
Fahrenheit.  While  the  curve  for  elongation  is  of  the  same  general  shape 
as  that  obtained  by  us,  the  transition  which  we  have  found  to  take  place 
between  600**  and  800®  F.  he  has  found  to  take  place  between  150°  and 
200**  C,  or  in  the  range  between  say  302®  and  392**  F.  This  may  be 
partly  due  to  the  fact  that  the  copper  which  Grard  used  for  his  experi- 
ments was  much  higher  in  oxygen  than  that  used  by  us.  As  nearly  as 
can  be  ascertained  from  Grard's  paper,  the  copper  used  for  his  experi- 


^  Captain  C.  Grard,  Paris:  Industrial  Application  of  Microscopic  Metallography 
for  Controlling  the  Work  put  on  Copper  and  Brasses,  International  Association  for 
Testing  Materials,  vol.  ii,  No.  11,  Hit. 
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ments  contained  0.15  per  cent,  oxygen.  Grard  does  not  state  the  length 
of  time  that  each  specimen  was  subjected  to  the  annealing  temperature. 
The  difference  noted  between  his  curves  and  ours  may  be  due  to  speci- 
mens being  annealed  for  longer  periods  at  the  lower  temperatures  than 
was  the  case  at  higher  temperatures. 

Grard  divides  his  curve  into  five  zones.  From  0  to  150®  C.  he  calls 
the  "zone  of  cold  working,"  from  150"^  to  approximately  200**  C.  is  the 
"relaxed  zone,"  from  200°  to  400**  the  "zone  of  recuperation,"  from  400** 
to  660**  is  the  "zone  of  complete  annealing,"  and  from  650  ®  C.  up  is  the 
"bending  zone."  Converting  degrees  centigrade  into  degrees  Fahrenheit 
we  have: 


KLonsatl 
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Bn  aklDg  StrjeDgth 
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Elastic  I  Imit 


100* 


300**  400**  SOO**  600''  TOO** 

ANNEALING  TEMPERATURES 


800" 


1.000" 


Fig.  5. — Grard 's  Curves  showing  Effect  op  Annealing  Temperature  on 
Physical  Properties  op  Copper. 


Zone  of  cold  working 32**  to     302**.  F. 

Relaxed  zone 302**  to     392**  F. 

Zone  of  recuperation 392**  to     762**  F. 

Zone  of  complete  annealing 762**  to  1,202**  F. 

Bending  zone 1,202**  to  melting  point  of  copper 

Using  the  same  terminology,  the  curves  for  per  cent,  elongation  shown 
in  Fig.  3  might  be  divided  into  zones  as  follows: 

Zone  of  cold  working 32**  to     60O**  F. 

Relaxed  zone 600**  to     750**  F. 

Zone  of  recuperation 750**  to     900**  F. 

Zone  of  complete  annealing 900**  to  1,200**  F. 

Bending  zone 1,200**  to  melting  point  of  copper 

This  is,  of  course,  only  approximate.  It  is  extremely  difficult  if  not 
altogether  out  of  the  question  to  determine  with  any  considerable 
degree  of  accuracy  the  per  cent,  elongation  of  a  1-ft.  length  of  No.  12 
copper  wire  that  has  not  been  annealed.  The  results  which  have  been 
obtained  are  consistent  and  serve  our  purpose.  As  will  be  noted,  the 
point  which  we  have  fixed  upon  as  marking  the  beginning  of  the  bend- 
ing zone  is  the  fame  point  that  Grard  has  fixed  upon.  The  electro- 
conductivity  can  be  measured  with  a  much  greater  degree  of  accuracy 
than  can  the  per  cent,  elongation,  and  the  conductivity  of  a  copper  wire 
is  perhaps  an  even  more  delicate  index  of  the  changes  that  take  place  in 
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the  copper  upon  annealing.     If  we  base  the  limila  of  the  eeveral  zones  on 
the  conductivity  curves  (see  Fig.  1)  we  get  results  somewhat  as  follows: 

Zone  of  cold  working 32**  to     300' F. 

Relaxed  aone 300**  to     676**  F. 

Zone  of  recuperation 676**  to     800**  F. 

Zone  of  complete  annealing 800**  to  1,100**  F. 

Bending  aone 1,100**  to  melting  point  of  copper 

Grard  states  that  the  first  two  zones  should  never  correspond  to  a 
finished  state  of  the  worked  metal,  as  the  metal  in  either  of  these  zones 
is  in  a  state  of  unstable  equilibrium.  He  states  further  that  the  so-called 
bending  zone  should  be  avoided.  This  means  that  copper  which  attains 
in  the  annealing  furnace  a  temperature  higher  than  1,100**  to  1,200**  F. 
has  been  overheated.  Where  copper  is  to  be  cold  rolled  after  annealing 
a  temperature  of  1,100**  F.  will  be  found  to  give  most  satisfactory  results. 
I  do  not  wish  to  convey  the  idea  that  heating  to  higher  temperature  than 
1,100**  F.  invariably  injures  the  copper.  Such  is  not  the  case.  The 
nature  of  the  troubles  that  may  be  brought  about  by  overheating  will  be 
discussed  on  another  page. 

2.  Changes  in  the  Microsthucture  of  Refined  Copper  dub  to 
Cold  Rolling  and  Annealing 

Fig.  6  is  a  photomicrograph  of  a  piece  of  copper  that  has  been  cold 
rolled  from  tV  to  0.033  in.  In  the  photomicrograph  note  the  slip 
bands,  very  fine  parallel  lines  at  right  angles  to  the  direction  of  rolling. 
These  slip  bands  are  characteristic  of  a  strained  condition  of  the  metal 
r^ulting  from  severe  mechanical  treatment.  In  order  to  illustrate  the 
affect  of  annealing  upon  the  microstructure  of  cold-rolled  copper,  pieces 
of  the  above  sheet  were  annealed  in  a  small  electric  furnace  at  a  number  of 
different  temperatures,  each  specimen  being  allowed  to  remain  in  the 
furnace  for  20  min.  The  temperatures  were  measured  by  means  of  a 
thermo-couple  standardized  by  the  United  States  Bureau  of  Standards 
and  are  correct  to  5**  C.  The  temperatures  which  were  measured  in 
centigrade  degrees  have  been  converted  to  Fahrenheit  degrees  in  order 
to  avoid  confusion  and  to  facilitate  comparison  of  microstructure  with 
physical  properties  as  shown  by  the  curves  in  Figs.  1,  2,  3,  and  4. 

Fig.  7,  a  photomicrograph  of  a  piece  of  the  above-mentioned  cold-rolled 
copper  annealed  for  20  min.  at  392°  F.,  shows  the  metal  to  be  still  in  a 
strained  condition.  Under  the  microscope  we  see  no  evidence  of  crystals. 
The  slip  bands  noted  in  Fig.  6  are  visible  also  in  Fig.  7. 

In  Fig.  8  we  note  a  change.     The  slip  bands  have  disappeared  and 
in  their  place  we  have  small  crystals  very  closely  grouped.     We  have^ 
now  passed  out  of  the  zone  of  cold  working  and  have  entered  the  relaxed 
zone,  which  may  be  said  to  be  characterized  by  very  f  mall  crystals. 
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Fig.  6.— Sheet  Copper  after  Cold  Rolling  prom  3/16  In.  to  0.033  In.     X  100. 


Fig.  7.— After  Annealing  at  392**  F.     X  100. 
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Fig.  9  is  a  photomicrograph  of  a  specimen  of  the  cold-rolled  sheet 
which  has  been  annealed  for  20  min.  at  752°  F.  This  photomicro- 
graph is  characteristic  of  the  zone  of  recuperation.  The  crystals  are  still 
very  small,  but  are  slightly  larger  than  those  shown  in  Fig.  8  and  more 
regular  in  shape. 

With  Fig.  10  we  enter  the  zone  of  complete  annealing.  The  crystals 
in  this  specimen,  which  was  annealed  at  932°  F.,  are  much  larger  and  more 
regular  in  outline.  With  Fig.  11, 1,112°  F.,  they  have  reached  their  maxi- 
mum regular  growth.     From  this  point  on  the  crystals  increase  very 


Fia.  8.— After  Annealing  at  572**  F.     X  100. 


rapidly  in  size  but  they  grow  at  the  expense  of  one  another  and  hence 
become  irregular  in  size;  i.e.,  some  crystals  are  very  large  while  others 
are  much  smaller.  This  uregular  growth,  and  the  further  fact  that  the 
crystal  outlines  are  becoming  more  and  more  rounded  in  the  case  of  speci- 
mens annealed  at  the  higher  temperatures,  probably  explain  in  part  the 
decrease  in  ductility  which  we  have  noticed  in  the  case  of  the  wires  an- 
nealed at  different  temperatures.  In  Figs.  12,  13,  14,  and  15  the  crystals 
become  successively  larger,  the  crystal  faces  become  more  and  more 
curvilinear  in  outline,  and  polysynthetic  twin  crystals  make  their 
appearance. 

The  microstructure  of  refined  copper  that  has  been  annealed  after 
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rolling  differs  from  that  of  the  cast  metal  by  the  parallel  markings  (poly- 
synthetic  twin  crystals)  which  appear  on  the  crystal  faces  (see  especially 
Figs.  14  and  15).  The  significance  of  these  twin  crystals  is  not  entirely 
clear.  The  distortion  of  the  metal  brought  about  by  rolling  results  in 
a  refinement  of  the  crystalline  structure  and  an  increase  in  tensile  strength. 
This  refinement  of  the  crystal  structure  is  brought  about  by  sliding 
taking  place  along  the  cleavage  planes  of  the  polygonal  grains.  As  a 
result  the  new  crystals  become  arranged  in  twinning  position  with  their 
neighbors.  The  temperature  at  which  the  strained  metal  is  annealed 
seems  to  exert  a  considerable  influence  upon  the  formation  of  these  poly- 


Fig.  9.— After  Annealing  at  762**  F.     X  100. 


synthetic  twin  crystak  as  well  as  upon  the  size  of  the  crystals  in  general. 
This  increase  in  the  size  of  the  crystals  is  accompanied  by  a  decrease  in 
the  per  cent,  elongation.  The  decrease  in  conductivity  and  in  general 
the  change?  which  take  place  in  the  case  of  the  physical  properties  of  wire 
annealed  at  the  higher  temperatures  show  a  reversion  of  the  metal  to  a 
condition  very  much  like  that  of  the  cast  metal.  It  k  of  interest  to  note 
that  the  appearance  of  the  so-called  polysynthetic  twin  crystals  is  coin- 
cident with  the  decrease  in  conductivity  and  per  cent,  elongation.  This 
decrease  in  the  per  cent,  elongation  is  of  vital  interest  to  the  rolling-mill 
man,  it  being  evident  that  a  piece  of  the  annealed  metal  having  the  maxi- 
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mum  per  cent,  elongation  is  in  the  best  possible  phyBical  condition  for 
withstanding  further  mechanical  treatment. 

The  question  will  probably  arise  as  to  what  sort  of  trouble  may  be 
brought  about  by  overheating  the  copper  in  the  annealing  furnace.  We 
have  seen  that  overheating  facilitates  the  development  of  polysynthetic 
twin  crystal!  and  results  in  a  decrease  in  the  per  cent,  elongation.  Sheets 
which  have  been  overheated  in  this  way  give  trouble  by  cracking  at  the 
edges.  If  the  annealing  temperature  is  very  high,  gases  which  were 
unable  to  escape  when  the  metal  was  cast  tend  to  segregate  at  the  granular 
boundaries.     This  results  in  blisters,  which  may  make  themselves  evi- 


FiG.  10.— After  Annealing  at  932**  F.     X  100. 

dent  only  upon  subsequent  rolling.  Overheating  of  the  copper  previous 
to  the  breaking-down  rolls  has  a  similar  effect.  When  the  annealing 
temperature  becomes  so  high  that  the  metal  begins  to  soften,  the  gas 
contained  in  the  metal  will  tend  to  force  the  grains  apart,  causing  cracks, 
into  which  the  oxygen  of  the  atmosphere  will  penetrate.  The  copper 
in  this  condition  is  said  to  be  burnt  and  must  be  remelted.  Overheating 
does  not  necessarily  mean  that  the  copper  is  burnt.  If  the  copper  attains 
in  the  annealing  furnace  a  temperature  in  excess  of  1,100°  or  1,200°  F. 
it  may  be  said  to  have  been  overheated,  but  no  harm  necessarily  results 
if  the  overheating  is  inconsiderable.     We  have  already  seen  that  copper 
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Fig.  11. — After  Annealing  at  1,112**  F.     X  100. 


Fig.  12. — After  Annealing  at  1,292**  F.     X  100. 
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Fig.  13.— After  Annealing  at  1,472°  F.     X  100. 
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Fig.  14.— Ajteb  Annealing  at  1,652**  F.     X  100. 
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Fio.  15.— After  Annealing  at  1,832**  F.     X  100. 


Fig.  16.— -Cake  Containing  0.076  Per  Cent.  Oxygen.    X  41. 
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low  in  oxygen  will  apparently  permit  of  being  heated  to  1,300®  to  1,400**  F. 
before  showing  any  considerable  decrease  in  either  the  per  cent,  conduc- 
tivity or  per  cent,  elongation. 

In  order  to  further  illustrate  my  point  it  may  be  of  interest  to  show 
what  happens  when  a  cake  of  electrolytic  copper  is  rolled  into  sheet.  Fig. 
16  is  a  photomicrograph  of  a  piece  of  copper  cut  from  a  14  by  17  in.  200- 
Ib.  cake  containing  0.076  per  cent,  oxygen.  In  the  photomicrograph  the 
dark  network  is  the  eutectic  mixture  of  CuiO  and  copper  containing 
approximately  0.39  per  cent,  oxygen.     The  cake  was  heated  to  about 


Fig.  17. — 3/16  In.  Sheet  Rolled  from  Cake  Containing  0.076  Per  Cent.  Oxygen 

BEFORE  Scaling.    X  87. 

1,560°  F.  and  broken  down  to  y\  in.  in  thickness  by  repeated  passes 
through  the  rolls.  Fig.  17  gives  a  photomicrograph  of  a  piece  of  the  re- 
sulting sheet  previous  to  its  being  scaled.  In  Fig.  17  it  will  be  noted  that 
while  the  eutectic  has  ceased  to  exist  as  a  continuous  network  it  has  not 
been  entirely  broken  up.  A  determination  of  the  oxygen  made  by  meas- 
uring the  area  occupied  by  the  dark  patches  of  eutectic  and  multiplying 
this  area  expressed  in  per  cent,  by  0.39  gives  0.077  as  the  oxygen  content 
of  the  sheet,  checking  almost  exactly  the  measurement  previously  made 
upon  a  piece  of  the  copper  cut  from  the  cake  before  it  was  rolled.  Note 
also  the  small  crystals.  The  copper  as  it  came  from  the  rolls  was  at  a 
temperature  of  about  1,100**  F.,  a  temperature  suflSciently  high  to  anneal 
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the  sheet.  In  fact,  a  piece  of  this  sheet  was  afterward  rolled  to  0.03  in. 
in  thickness  without  further  annealing.  After  trimminj?  and  cutting  to 
suitable  size  for  further  rolling  the  y^-in.  sheet  was  scaled  and  pickled. 
Fig.  18  is  a  photomicrograph  of  the  sheet  after  scaling  and  pickling,  the 
magnification  being  the  same  as  in  the  case  of  Fig.  17.  The  specimen  was 
etched  more  particularly  to  show  the  eutectic  areas.  It  will  at  once  be 
seen  that  the  structure  has  become  very  much  coarser,  which  is  due  to 
the  sheet  having  been  heated  to  1,450^  F.  when  it  was  scaled.     The 


Fig.  18. — Sheet  shown  in  Fig.  17  after  being  Scaled.     X  87. 

eutectic  has  become  very  much  segregated  and  the  crystals  are  much 
larger.  The  crystalline  structure  is  brought  out  more  clearly  in  Fig.  19. 
The  polysynthetic  crystals  mentioned  in  a  preceding  paragraph  are  in 
evidence.  The  I'l^-in.  sheet  was  now  cold  rolled  to  0.033  in.  The 
sheet  rolled  fairly  well  but  cracked  at  the  edges.  Fig.  6  shows  the 
structure  of  the  sheet  after  being  rolled  to  0.033  in.  After  being  rolled  the 
sheet  was  annealed  at  a  temperature  of  about  1 ,200°  F.  Fig.  20  is  a  photo- 
micrograph of  the  annealed  sheet.  It  will  be  seen  that  the  eutectic 
structure  has  been  entirely  broken  up.  The  photomicrograph  shows  a 
nearly  complete  absence  of  twin  crystals,  indicating  that  the  annealing 
temperature  was  about  right;  in  fact,  the  sheet  was  subsequently  rolled 
to  0.005  in.  gauge  without  developing  defects  of  any  sort.  The  presence 
of  twin  crystals  in  Fig.  19  shows  that  the  sheet  was  overheated  during 
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the  scaling  process.  Had  the  temperature  been  kept  at  about  1,100°  F. 
instead  of  being  allowed  to  reach  1,450°  F.  or  thereabouts  the  metal 
would  hav^  been  in  much  better  physical  condition  for  the  subsequent 
reduction  to  0.033  in.  and  the  sheets  would  not  have  cracked  at  the 
edges. 

The  use  of  pyrometers  for  controlling  the  annealing  furnace  cannot  be 
too  strongly  urged.  In  the  ordinary  reverberatory  annealing  furnace 
means  should  be  provided  for  determining  the  temperature  at  several 
points  in  the  furnace.     Careful  watch  should  be  kept  to  see  that  sheets 


FiQ.  19. — Same  as  Fig.  18,  but  ETCHiiD  to  show  Polybynthetic  Twin  Crystals. 

X87. 

nearest  the  bridge  wall  are  not  being  overheated.  Pyrometers  to  be  of 
use  in  controlling  the  annealing  process  should  be  frequently  checked 
against  a  standard  thermo-couple  used  for  this  purpose  only,  otherwise 
the  readings  may  become  misleading.  Copper  at  1,100°  F.  is  at  a  dull 
red  heat.  If  one  looks  into  the  furnace  the  sheet  when  at  this  temperature 
appears  almost  black,  the  reddish  glow  being  only  faintly  visible.  A  full 
didl  red  indicates  a  temperature  of  1,300°  F.,  and  a  dull  cherry-red,  which 
I  have  observed  in  many  annealing  furnaces,  indicates  a  temperature  of 
1,475°  F.  Optical  pyrometers  are  very  nearly  useless  for  measuring  tem- 
peratures as  low  as  1,100°  to  1,200°  F.  Thermo-electric  pyrometers  unless 
frequently  checked  may  give  readings  that  are  150°  to  200°  too  low. 
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In  these  experiments  the  time  factor  has  been  neglected;  not,  however, 
because  it  has  not  been  considered  as  of  importance.  Baucke*  has  shown 
that  prolonged  heating  up  to  450°  C.  yields  the  same  results  as  heating  at 
1,025°  C.  for  10  min.,  and  that  heating  at  even  as  low  a  temperature  as 
100°  C.  for  350  days  will  result  in  incipient  recrystallization.  Results 
which  might  be  obtained  in  the  laboratory  would  not  be  applicable 
directly  in  practice.  This  much,  however,  may  be  said:  exposure  to  an 
annealing  temperature  of  1,100°  F.  for  20  min.  is  suflScient  to  perfectly 


Fig.  20. — Sheet  Copper  after  being  Cold  Rolled  to  0.033  In.  and  Annealed. 
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anneal  cold-rolled  copper  of  any  gauge  up  to  y\  in.,  it  being  under- 
stood that  the  copper  shall  attain  this  temperature  and  be  held  at  this 
temperature  for  the  stated  period;  and  further,  that  exposure  to  this  tem- 
perature for  a  period  of  an  hour  does  not  injure  the  copper.  Where 
annealing  if  carried  out  at  temperatures  higher  than  1,100°  the  time  factor 
Has  a  far  greater  effect. 

I  am  well  aware  that  it  is  impossible  in  a  rolling  mill  to  carry  out  the 
operation  of  annealing  with  the  degree  of  perfection  attainable  in  a  labora- 
tory experiment.  I  am,  however,  of  the  opinion  that  the  experiments 
here  described  may  be  suggestive  and  helpful  to  those  actively  engaged 
in  the  operation  of  copper  rolling  mills. 

*H.  Bau eke,  Amsterdam:  On   Some    Recent   Micrographical   Investigations  of 
Copper,  International  Association  for  Testing  Materials,  vol.  ii,  No.  II,  14. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[bubject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Salt  Lake  meeting,  August,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  dtseussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  x .,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Oct.  1, 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Drumlummon  Mine,  MarysviUe,  Mont. 

BT  CHARLES  W.  OOODALE,  BUTTE,  MONT. 

With  notes  on  other  mines  of  the  MarysviUe  district  by  Walter  McDeriiott, 
London,  England,  and  F.  L.  Sizer,  Dos  Cabesas,  Ariz. 

(Salt  Lake  Meeting,  August,  1914) 

The  purpose  of  this  paper  is  to  review  the  history  of  the  Drumlummon, 
one  of  the  famous  old  mines  of  the  West. 

Mining  engineers,  when  sent  to  examine  new  mines  in  old  districts,  or 
to  decide  whether  an  old  property,  under  new  conditions,  will  pay  to  re- 
open, have  had  difficulty  in  learning  anything  authentic  regarding  work- 
ings which  are  under  water,  and  historical  facts  about  the  working  char- 
acter of  the  ore,  the  total  production,  and  the  value  of  the  ore  with 
increasing  depth.  Not  many  years  elapse  after  the  pumps  are  pulled, 
before  maps,  books  and  records  are  destroyed,  and  the  value  of  the 
publications  of  the  Institute  would  be  increased  if  they  contained  the 
history  of  many  old  mines  now  abandoned.  The  unsuccessful  efforts  of 
the  writer  quite  recently  in  trying  to  obtain  reliable  information  about  a 
gold  mine  which  was  reported  to  have  produced  several  million  dollars 
between  1880  and  1888,  the  workings  of  which  are  now  partially  caved 
and  under  water,  impressed  upon  his  mind  the  desirability  of  having  a 
permanent  record  of  old  properties.  In  this  particular  case,  the  owners 
insisted  that  under  present  conditions  of  improved  methods  of  treatment 
— ^particularly  by  the  use  of  cyanide,  which  was  not  an  applied  process 
when  the  mine  was  operated,  the  property  could  be  made  to  pay  a  hand- 
some profit  on  ore  left  in  sight  in  the  old  workings,  but  no  assay  records 
could  be  found  to  confirm  these  assurances,  and  even  the  records  of  bullion 
shipments  had  been  destroyed.  If  surveys  and  maps  were  made  as  the 
work  progressed,  no  trace  of  them  could  be  found,  and  therefore  opening 
of  the  ground  through  a  new  shaft  and  drifts  therefrom  would  be  attended 
by  some  risk  while  exploring  near  the  old  workings.  Fatal  accidents  by 
flooding  under  these  conditions  have  occurred,  and  as  an  evidence  that 
miners  have  fears  of  such  dangers,  it  was  urged  upon  the  Mining  Committee 
during  a  recent  session  pf  \he  Montans^  Legislature,  by  a  delegation  of 
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miners,  that  a  law  should  be  passed  compelling  mine  operators  to  file  maps 
of  all  workings  in  the  office  of  the  State  Mine  Inspector. 

Location 

The  Ottawa  mining  district  is  located  in  Lewis  and  Clark  County, 
Montana,  and  Marysville,  distant  from  Helena  about  18  miles  in  a  north- 
westerly direction,  and  having  an  altitude  of  5,360  ft.  above  sea  level,  is 
the  only  town  in  the  district.  It  is  the  terminus  of  a  branch  line  of  the 
Northern  Pacific  Railway,  which  leaves  the  main  line  at  Clough  Junction, 
8  miles  west  of  Helena.  Silver  creek,  which  has  its  rise  at  Marysville, 
runs  through  the  district,  and  empties  into  Prickly  Pear  creek,  6  miles 
above  the  junction  of  that  stream  with  the  Missouri  river.  Beginning  at 
Marysville  and  for  4  miles  down  Silver  creek,  the  gravels  of  the  valley 
were  very  productive  in  gold,  which  was  discovered  in  1862,  but  the  richer 
bars  were  not  found  until  May  1,  1864.  During  the  prosperous  days  of 
placer  mining  there  was  a  lively  town  called  Silver  City,  near  the  lower 
end  of  the  diggings,  and  it  was  of  such  importance  at  one  time  that  the 
county  records  were  kept  there.  In  the  meantime,  Helena  was  growing 
in  importance,  and  there  was  a  county-seat  rivalry  between  that  town  and 
Silver.  It  is  related  that  in  1865  the  matter  was  settled  when  Col.  W.  F. 
Sanders  of  Helena  went  up  to  Silver  on  horseback,  took  the  county 
records,  rode  back  to  Helena,  and  depositing  the  books  there,  estab- 
lished a  new  county  seat. 

Records  of  yield  from  placer  mines  are  very  difficult  to  obtain,  but  it  is 
probably  safe  to  say  that  the  Silver  creek  gravels  produced  $3,000,000. 
The  gold  was  not  of  remarkable  fineness  (it  would  sell  for  about  $14  per 
ounce) ;  that  is,  it  contained  considerable  silver,  and,  in  view  of  the  silver- 
bearing  character  of  the  ore  from  the  principal  vein  of  the  district,  the 
Drumlummon,  this  is  not  surprising. 

The  gold  from  Last  Chance  gulch,  where  Helena  is  situated,  sold  for 
about  $17  per  ounce,  and  as  this  gulch  was  producing  before  Silver  creek, 
it  is  probable  that  the  creek  got  its  name  from  the  more  silvery  character 
of  its  bullion  yield. 

History 

The  Drumlununon  lo'de  claim  was  located  by  Thomas  Cruse  in  1876, 
although  the  ground  had  been  covered  by  a  previous  location  which  had 
been  allowed  to  lapse.  Cruse  had  been  working  the  placer  mines  of  Silver 
creek,  and  after  he  had  opened  up  some  high-grade  ore  in  the  Drum- 
lummon claim,  he  built  a  five-stamp  mill  in  1880,  and  this  marked  the 
beginning  of  prosperity  for  the  town  of  Marysville.  Other  locations  of 
lode  claims  were  made  by  Cruse  and  by  other  prospectors  as  soon  as  the 
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value  of  the  Drumlummon  discovery  became  known.    Fig.  1  shows  the 
claims  in  the  vicinity,  with  the  course  of  the  principal  veins. 

In  February,  1883,  Cruse  sold  the  Drumlummon  and  some  small 
adjoining  claims  to  an    English    syndicate,    and    the   Montana  Co., 


-"  y 


Fig.  1. — ^The  Drumlummon  and  Surrounding  Lode  Claims. 

Ltd.,  was  formed  under  the  laws  of  England,  with  300,000  shares  at  £2 
each.  Cruse  received  $1,000,000  and  shares  worth  J500,000.  The 
report  on  which  the  mine  was  purchased  was  made  by  John  Darlington, 
an  English  engineer,  in  November,  1882,  and  the  workings  at  that  time 
consisted  of  shallow  prospect  holes,  a  tunnel  about  200  ft.  long  which  had 
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been  run  by  Cruse  single  handed,  and  which  cut  the  vein  at  a  depth  of 
about  140  ft.,  and  361  lin.  ft.  of  development  on  the  vein.  The  orebody, 
as  shown  in  a  crosscut  50  ft.  from  the  surface,  was  65  ft.  wide,  but 
further  exploration  showed  that  this  crosscut  was  run  at  the  junction  of 
the  Castletown  vein  with  the  Drumlummon.  The  mine  had  then 
produced  6,000  or  7,000  tons  of  ore,  part  of  which  had  been  reduced  in 
arrastres,  but  3,780  tons  had  been  treated  in  a  stamp  mill,  and  had 
yielded  $144,539  in  bullion. 

Development  and  Exploration 

The  first  work  done  by  the  company  below  the  Cruse  workings  was  to 
sink  an  incline  shaft  from  the  Cruse  tunnel,  and  a  new  tunnel  was  started 
in  1883  at  a  point  near  the  foot  of  the  mountain.  It  reached  the  vein 
260  ft.  below  the  Cruse  tunnel  and  400  ft.  below  the  "discovery"  in  a 
distance  of  about  1,260  ft.,  and  was  given  the  name  "Maskelyne,"  in 
honor  of  the  chairman  of  the  board  of  directors.  After  exploring  the  vein 
for  some  distance  northerly  and  southerly,  a  large  excavation  was  made 
in  the  hanging  wall  of  the  vein  at  the  end  of  the  tunnel  for  a  hoisting  engine 
and  headframe,  and  a  new  three-compartment  incline  shaft  was  started 
in  the  spring  of  1886,  having  a  pitch  of  about  68°  from  the  horizontal. 
Two  years  later  this  shaft  had  reached  a  depth  of  800  ft.,  and  the  vein  had 
been  opened  up  on  the  500,  600,  700,  and  800  levels,  but  ore  values  had 
decreased  rapidly  as  depth  was  gained,  and  in  the  spring  of  1888  Prof. 
Joshua  E.  Clayton  was  employed  by  the  company  to  make  a  thorough 
geological  study  of  the  mine.  In  his  opinion:  "The  impoverishment  of 
the  ore  shoots  below  the  400  level  is  due  to  local  causes  rather  than  to 
permanent  ones,  where  surface  influences  could  not  permanently  affect 
the  lode  in  so  short  a  depth.  .  .  .  There  is  no  geological  reason  for 
the  lode  becoming  poor  in  so  short  a  distance  from  the  present  surface,  nor 
is  there  any  chemical  cause  apparent  for  such  a  change  in  the  metal  con- 
tents of  the  lode.  My  conclusion  is  that  the  causes  are  purely  mechanical 
and  local,  and  not  due  to  the  original  structure  or  other  primal  cause." 

Sinking  was  resumed  soon  after,  and  by  the  close  of  1891  the  shaft, 
called  No.  1,  had  reached  a  depth  of  1,600  ft.,  with  considerable  develop- 
ment on  the  1,000, 1,200,  and  1,400  ft.  levels.  Connection  had  also  been 
made  on  the  1,200-ft.  level  with  No.  2  shaft,  which  was  started  in  1887 
from  the  400-f t.  level,  700  ft.  south  of  No.  1 . 

In  the  meantime  the  400-f t.  level  had  been  driven  several  hundred  feet 
south,  and  had  discovered  the  9-Hour  shoot.  Exploration  of  this  ore- 
body  below  the  400-ft.  level  was  by  means  of  No.  3  shaft. 

From  1883  to  1910,  when  the  ownership  of  the  mine  passed  from  the 
Montana  Mining  Co.,  Ltd.,  to  the  St.  Louis  Mining  &  Milling  Co.,  the 
development  and  exploration  work  amounted  to  123,500  ft.,  and  as  the 
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mine  produced  1,150,000  tons  of  ore,  the  quantity  per  linear  foot  was  not 
large — only  9.3  tons.  This  would  indicate  one  of  three  conditions:  First, 
that  the  veins  were  small;  second,  that  the  orebodies  were  widely  sepa- 
rated; or  third,  that  a  great  deal  of  unproductive  work  was  done  below 
and  beyond  the  pay  ore.  The  last  condition  applies  to  the  Drumlummon, 
and  it  is  doubtful  if  in  any  mine  in  the  world  the  ground  has  been  so  thor- 
oughly prospected. 

Geohgy 

This  subject  has  been  thoroughly  covered  by  the  U.  S.  Geological 
Survey^  and  will  not  be  taken  up  at  great  length  in  this  paper.  Figs.  2,  3, 
4,  and  5  have  been  copied  from  Mr.  Barrell's  paper. 

Marysville  is  situated  in  an  amphitheater,  with  high  mountains  rising 
all  around  it,  except  on  the  east,  where  Silver  creek  flows  out.  Quartz- 
diorite  is  the  bed  rock  of  this  basin,  and  extends  up  the  mountain  sides  for 
several  hundred  fe^t  above  Marysville  on  all  sides.  Overlying  the 
diorites  are  the  homstones  and  slaty  shales,  and  at  a  point  about  400  ft. 
above  the  town  and  southeast  of  it,  is  the  "discovery"  of  the  Drum- 
lummon vein.  This  great  lode,  with  a  strike  of  about  N.  15®  E.  and  an 
eastward  dip  of  65°  to  80°,  has  been  opened  up  for  a  length  of  more  than 
3,000  ft.  and  a  depth  of  1,600  ft.  Practically,  it  is  entirely  in  homstone, 
the  composition  of  which  is  shown  in  Table  I;  but  as  it  is  near  the  horn- 
stone-diorite  contact,  which  has  a  very  jagged  outline,  the  diorite  appears 
as  vein  walls  at  many  points,  where  tongues  of  this  rock  extend  eastward 
from  the  main  body. 

Table  I. 

A  B 

Barren  Vein  Matter  Foot- Wall  Hanging- Wall 

1  to  3  ft.  wide  Hornstone  Homstone 

Per  cent.  Per  cent.  Per  cent. 

SiO, 23                                  58.2  62.6 

FeO 2.7                                  3.4  3.4 

CaO 33.7                                 7.9  5.2 

MgO 5.2                                  1.8  2.3 

A1,0« -4.6                              18.0  18.6 

Fig.  2  shows  the  position  of  the  vein  in  reference  to  the  contact. 
Below  the  400-ft.  level  the  grade  of  the  ore  decreased  rapidly  in 
value,  and  while  considerable  tonnage  was  extracted  below  the 
1,000-ft.  level,  it  is  doubtful  if  the  bullion  yield  returned  a  profit  over 
mining  and  milling  cost,  beyond  that  depth.  On  the  1,600-ft.  level,  where 
there  is  nearly  a  mile  of  exploration  drifts  and  crosscuts,  the  vein  which  had 
yielded  so  well  in  upper  levels  gave  assays  of  only  a  dollar  or  two  in  gold 

^Joseph  Barrell:  Geology  of  the  Marysville  District,  Montana,  Professional  Paper 
No.  67,  U.  S.  Oedugical  Survey  (1907). 
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and  silver  from  selected  pieces.  The  ore  occurs  in  distinct  shoots,  which 
have  a  decided  trend  or  rake  to  the  south.  This  is  clearly  shown  in  Fig.  6, 
with  the  names  given  to  the  various  shoots  by  the  management,  and  it  will 
be  noted  that  two  of  them  do  not  extend  to  the  surface — the  Jubilee  and 
Jubilee  No.  2. 

In  width  the  lode  varies  from  15  to  25  ft.  in  its  widest  and  productive 
portions,  to  less  than  an  inch  at  one  observed  point  in  its  pinched  and 
barren  region.  For  hundreds  of  feet  along  its  strike  it  shows  between  well- 
defined  walls  from  1  to  3  ft.  of  soft  material,  almost  free  from  quartz  and 
of  the  character  which  is  shown  in  Table  1. 


^^ 


^^ 


^pproxiai«fe  ^ranVrc  confact  on  Surface 
Observed ^snit*  ccnUct,foorih  ieve/ 


^^^ rts5ur«  v»*iii5.fburfh  level  ,0y  'S^jJ^ 


rface  contours. 


Fig.  2. — Approximate  Relations  op  Granite  Boundary  between  the  Surface  and 
THE  Fourth  Level,  Drumlummon  Mine. 


In  Bulletin  No.  213  of  the  U.  S.  Geological  Survey,  W.  H.  Weed  gives 
a  good  description  of  the  Drumlummon  vein,  from  which  the  following 
quotation  is  made: 

"It  is  a  fault  plane  with  white  opaque  quartz  inclosing  angular  frag- 
ments of  black,  green  and  drab  slates,  which  are  sometimes  distinct  and 
unaltered  and  at  others  have  been  much  decomposed.  Where  the  ore- 
bodies  are  found  the  replacement  has  been  complete  and  the  former 
presence  of  the  fragments  is  only  recognizable  by  the  outlines  of  the 

banded  quartz This  vein,  which  is  the  largest  and  the 

most  productive  in  the  district,  consists  in  its  lower  levels  of  a  mass  of 

angular  rubbish,  derived  from  the  walls  of  the  fissure,  and  in  places 

cemented  by  quartz,  in  other  places  still  retaining  its  original  charactei*. 

It  may  also  be  said  that  the  ore  shoots  were  well  defined 


Digitized  by 


Google 


THE  DBXTMLUMMON   MINE^  MABYSVILLEy  MONT.  2101 

and  the  intervening  vein  matter  barren  and  unworkable.  The  pitch  of 
the  ore  shoots  conforms  to  the  usual  habit,  dipping  to  the  right  when 
looking  down  the  dip  of  the  vein." 

The  walls  are  usually  indistinct  in  the  productive  parts  of  the  lode,  but 
in  the  barren  portions  they  are  well  defined.  T.  A.  Rickard  in  his  paper 
on  Vein  Walls*  gives  some  interesting  notes  regarding  the  walls  of  the 
Drumlummon  vein,  and  he  also  conmients  on  the  fact  that  the  vein  is 
only  productive  where  it  crosses  the  strata  of  the  slates  at  an  oblique 
angle,  being  unproductive  where  the  crossing  is  at,  or  near,  right  angles. 

The  Castletown  lode  has  a  strike  about  N.  40°  E.  and  dips  to  the  east- 
ward at  about  the  same  angle  as  the  Drumlummon.  It  joins  this  vein  on 
the  hanging-wall  side  in  the  "No.  1  South  shoot."  The  walls  are  slate, 
or  homstone. 

In  1893  an  important  discovery  was  made  when,  after  a  careful  exami- 
nation of  the  Castletown  workings  in  and  above  the  2A  level,  it  was  decided 
to  drive  a  crosscut  into  the  hanging  wall  of  that  vein  on  the  No.  3  level. 
At  a  distance  of  about  40  ft.  a  new  orebody  was  found,  which  was  soon 
opened  up  on  all  levels  down  to  the  1,000,  and  yielded  a  large  tonnage  of 
good  ore  (Fig.  7).  When  fully  developed  it  was  found  that  this  vein, 
which  was  given  the  name  New  Castletown,  united  with  the  Castletown 
on  strike  to  the  northeast,  and  formed  a  junction  on  its  course  southerly 
with  the  Drumlummon  lode  in  the  Sampson  shoot  (Fig.  2).  The  dis- 
covery of  this  new  orebody  led  to  further  hanging-wall  explorations,  and 
one  crosscut  210  ft.  in  length  was  run  into  the  hanging  wall  of  the  New 
Castletown  on  the  400-ft.  level,  but  without  result. 

The  North  Star  vein,  with  a  strike  of..  N.  80°  E.  and  nearly  vertical 
dip,  was  very  productive  and  yielded  pay  ore  to  a  greater  depth  than  the 
Drumlummon,  or  to  the  1,200-ft.  level  (Fig.  8).  It  was  given  this  name  in 
the  early  history  of  the  mine  when  it  was  supposed  to  be  the  same  vein 
as  the  one  discovered  in  the  North  Star  claim,  but  later  developments 
proved  that  the  latter  vein  was  the  same  as  the  Castletown. 

The  relation  of  the  so-called  North  Star  vein  to  the  others  of  the  sys- 
tem is  shown  in  Fig.  3.  In  the  professional  paper  by  Joseph  Barrell, 
previously  mentioned,  he  says:  "The  other  important  vein  is  the  North 
Star  and  its  continuation,  the  Empire.  This  cuts  across  the  Drumlum- 
mon and  on  the  seventh  level,  where  the  relations  are  well  exposed,  it  is 
seen  to  be  younger  than  the  Drumlummon,  but  has  not  faulted  the  older 
vein,  which  is  here  rather  poorly  developed,  consisting  of  a  mesh  of  quartz 
veinlets  in  brecciated  slates.'  This  statement  is  in  conflict  with  views 
held  by  many  geologists  who  have  studied  the  mine;  for  at  the  intersection 
of  the  two  veins  on  the  400-ft.  level,  there  are  evidences  that  the  Drum- 
lummon faulted  the  North  Star,  although  it  must  be  admitted  that  their 

*  Trans,,  xxvi,  193  (1896). 
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attention  was  never  called  to  the  condition  on  the  700-ft.  level,  which 
led  to  Mr.  Barrell's  conclusions.  There  is  some  foundation  for  the  belief 
that  the  North  Star  does  not  extend  beyond  or  into  the  hanging-wall  of 


Section  through  main  tunnel  and  shaft,  looking  southwest.    Planes  of  section, 

N.68^W.andN.3irW. 

Fig.  4. — ^Vertical  Section,  Drumlummon  Mine. 

the  Drumlummon,  and  that  the  Empire  vein,  like  the  Castletown,  joins 
the  Drumlummon  on  its  hanging- wall  side;  the  occurrence  of  the  two  veins 
in  the  walls  of  the  Drumlmnmon  at  points  nearly  opposite  each  other  being 
only  incidental.  Supporting  this  view  are  two  facts :  First  that  the  strike 
of  the  Empire  (N.  35**  E.)  is  quite  different  from  that  of  the  North  Star 
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(N.  80**  E.),  and  is  more  inclined  to  be  parallel  with  the  Castletown. 
Second,  mineralogically,  the  Empire  resembles  the  Castletown  and  the 
Drumlummon,  and  is  not  at  all  like  the  North  Star.  The  ore  extracted 
from  the  latter  contained  very  little  silver,  and  the  only  siJphide  mineral 
observed  was  pyrite,  while  from  the  former,  high-grade  silver  minerals 
were  obtained,  and  also  some  copper  in  combination  with  sulphur, 
antimony,  and  arsenic.  In  the  oxidized  portions  a  good  grade  of  ore  in  the 
Drumlummon,  Castletown,  and  Empire  veins  was  indicated  by  the  pres- 
ence of  carbonate  of  copper,  and  some  fine  specimens  of  azurite  were 
found.  Perhaps  the  difference  above  noted  will  sustain  the  contention 
that  the  veins  were  not  of  the  same  age,  but  if  so,  which  is  the  older? 
If  it  is  argued  that  the  mineral  character  of  a  vein  is  influenced  by  the 
nature  of  the  country  rock  in  which  it  occurs,  and  not  by  its  age,  why  was 
there  no  change  mineralogically  in  the  North  Star  when  it  passed  out  of 
diorite  into  homstone  or  slate?  The  ratio  of  gold  to  silver  in  the  North 
Star  ore  was  about  1  to  3  in  ounces,  and  this  held  true  where  the  vein 
had  slate  walls,  as  well  as  where  the  inclosing  rock  was  diorite,  while  in 
the  other  veins  above  mentioned  the  ratio  varied  from  1  :  10  to  1  :  20. 
It  is  worthy  of  note  that  nowhere  along  the  contact  between  the  diorite 
and  hornstone  were  bodies  of  ore  found. 

The  discovery  of  pearceite,  an  arsenical  polybasite,  in  the  Drumlum- 
mon mine  is  interesting  in  this  connection.  In  1895,  Dr.  Richard  Pearce 
was  shown  some  beautiful  crystals  of  this  mineral  which  had  been  found 
in  the  500-ft.  stopes  of  the  New  Castletown  vein,  and  sent  a  specimen  to 
Prof.  S.  L.  Penfield  of  Yale,  who  gave  a  full  description  to  the  Colorado 
Scientific  Society.'    The  analysis  of  the  specimen  was  as  follows: 

Per  cent. 

Sulphur 17.71 

Arsenic 7 .39 

SUver 65.17 

Copper 18.11 

Iron 1.05 

Insoluble 0.42 


99.85 


Professor  Penfield  says: 

"  It  cannot  claim  to  be  a  new  mineral^  for  as  an  arsenical  variety  of 
polybasite  it  has  previously  been  recognized,  although  no  special  name 

has  been  assigned  to  it While  recognizing  that  antimony  and 

arsenic  are  isomorphous  and  may  mutually  replace  one  another,  it  is 
customary  and  has  been  found  convenient  in  mineralogy  to  consider  the 
sulphantimonites  and  sulpharsenites  as  distinct  species,  and  to  designate 

»"0n  Pearceite,  a  Sulpharsenite  of  Silver,  and  on  the  Crystallization  of  Poly-  ' 
basite,"  Proceedings  Colorado  Scientific  Society^  vol.  v,  p.  210  (1894-1896). 
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Section  parallel  to  North  Star  vein,  looking  north.    Plane  of  section,  N.  30°  E. 
Fio.  6. — Cross-Section,  Dbumlumiion  Mink. 


Digitized  by 


Google 


2106 


THE  DRUMLUMMON  MINE,  MARYSVILLB,  MONT. 


-T 1 1 1 1 — I 1 — I 1 1 1 ' 1 — i \ 1 1 — r 

§§§||SS||§§§|§§§§| 

si .  .  . 


\. 


Digitized  by 


Google 


THE  DRUMLUMMON   MINE,  MARYSVILLE,  MONT.  2107 

them  by  different  names,  and  the  author  proposes  that  hereafter  the  name 
polybasite  shall  be  restricted  to  the  antimony  compound  Ag9SbS«,  and 
to  make  of  the  corresponding  arsenic  compound  Ags AsSe  a  distinct  species . 
For  the  arsenical  mineral  he  takes  pleasure  in  proposing  then  name  pearce- 
tie  as  a  compliment  to  his  friend,  Dr.  Richard  Pearce,  of  Denver,  whose 
keen  interest  in  mineralogy  and  connection  with  one  of  the  large  smelting 
and  refining  works  of  Colorado  have  made  him  known  both  to  scientific 
men  and  to  those  interested  in  the  development  of  the  mining  industries 
of  the  Rocky  Mountain  region." 

Some  b^utiful  crystals  of  quartz  replacements  of  calcite  were  found 
in  a  large  vug  in  the  900-ft.  workings  of  the  North  Star  vein,  where  the 
walls  were  slate.  Photographs  were  taken  of  the  best  specimens  before 
they  were  sent  to  the  Smithsonian  Institute,  Washington  (Kg.  9). 

Mining 

In  developing  the  mine  practically  no  timbering  was  required  in  drifts 
and  crosscuts,  as  the  homstone  was  very  hard  and  there  was  very  little 


Old  Shaft 


m^?;i?^(<,;'£'viim/^/:i^:M^ 


No.  2ALeT«l 


-100  Fl.  below  Datam  ^y^.^^^^-'^yPPi     600  Ft.  Level  ^^//7^  ■.'-/.•, 


^^.^-^^m    600  Ft.  Lcvei^^^;^  -; -":/>-^7^ 


1000  Ft.  LeTol       E^^ 

Pig.  7. — ^Longitudinal  Section  of  the  New  Castletown  Lode,  Dec.  31,  1896. 

disintegration  on  exposure  to  the  air.  In  the  orebodies,  after  putting  in 
stulls  over  the  drifts  and  placing  the  chutes  at  proper  intervals,  stoping 
was  continued  without  timbering,  only  enough  ore  being  drawn  out  to 
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allow  room  for  ore  breaking,  and  therefore  in  the  most  productive  era  of 
the  mine  there  was  a  large  tonnage  of  broken  ore  in  the  stopes,  the  value 
of  which  was  known  from  daily  samples  taken  from  the  faces  of  the  work- 
ings. Square  sets  were  used  in  only  one  orebody  in  the  mine,  the  9-Hour, 
where  the  walls  were  treacherous,  and  the  excavations  had  to  be  filled 
with  waste  as  the  stoping  progressed. 

In  1890,  when  new  ground  was  being  opened  up  rapidly  in  depth,  it 
was  apparent  that  provision  should  be  made  for  a  pumping  plant  of  large 
capacity,  and  a  Cornish  pump  was  purchased,  at  an  outlay  of  about 
$65,000,  including  partial  installation  at  No.  2  shaft,  where  a  large  cham- 
ber was  excavated  and  timbered  in  the  hard  hornstone.  As  the  ground 
in  deep  levels  drained  down,  the  flow  of  water  diminished  greatly,  and 
the  installation  of  the  Cornish  pump  was  never  completed,  but  in  1895 
a  Riedler,  having  a  capacity  of  400  gal.  per  minute,  was  placed  in  the 
1,600  station  of  No.  1  shaft,  and  a  great  saving  was  made  in  draining  costs, 
as  this  equipment  replaced  a  system  of  pumps  on  the  700, 1,000, 1,200,  and 
1,600  ft.  levels.  The  pump  ran  at  only  about  one-third  capacity  at  first, 
but  extensive  exploration  in  the  1,600-ft.  level  during  the  next  two  years 
increased  the  volume  of  water  so  greatly  that  it  was  considered  advisable 
as  a  matter  of  safety  to  install  another  Riedler.  This  was  a  larger  pump, 
its  capacity  being  500  gal.,  but  it  easily  handled  the  entire  flow,  468  gal. 
per  minute  under  a  head  of  1,230  ft.  Before  this  pump  was  installed, 
a  crosscut  had  been  driven  westerly  more  than  700  ft.  for  the  purpose  of 
developing  the  North  Star  vein,  and  as  the  flow  of  water  became  somewhat 
alarming,  a  concrete  dam  was  placed  in  the  crosscut,  so  that  the  duty  of 
the  pump  could  be  controlled.  By  the  time  tha  new  Riedler  was  ready 
to  run,  the  pressure  at  the  dam  went  up  to  264  lb.  per  square  inch,  repre- 
senting a  head  of  more  than  600  ft. 

The  hoisting  engine  at  No.  1  shaft  was  of  the  first-motion  type, 
arranged  to  run  single  or  in  balance,  and  its  cylinders  were  20  in.  in  diam- 
eter by  60  in.  long. 

No.  1  and  No.  2  shafts,  in  which  cages  were  used,  were  of  the  same 
size,  14  by  4§  ft.  in  the  clear,  and  were  timbered  with  10  by  10  in.  Oregon 
fir,  which  cost  $20  per  thousand  feet  at  the  mine.  The  sets  were  6  ft. 
apart,  each  set  containing  about  1,410  sq.  ft.  of  timber,  and  the  cost  per 
foot  for  timbers  was  about  $6.50,  including  labor  of  framing — the  total 
cost  averaging  about  $100  per  foot.  In  explanat'on  of  this  high  cost  it 
should  be  stated  that  it  ncluded  the  cost  of  excavating  and  timbering 
the  stations,  and  that  the  rock  was  extremely  hard  and  very  difiicult  to 
break,  owing  to  the  angle  at  which  the  shafts  crossed  the  stratification. 
Adolph  Knopf  calls  the  rock  woUastonite  and  diopside,*  but  the  analyses 
in  Table  I  do  not  support  this  classification. 


*Ore  Deposits  of  the  Helena  Mining  Region,  Montana,  Bulletin  No,  527,   U. 
S,  Geological  Survey  (1913) , 
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On  May  8,  1892,  a  fire  started  in  the  1,200  station  of  No.  1  shaft,  and 
as  the  draft  was  strong  through  the  level  from  No.  2  shaft,  the  fire  raced 
up  through  the  timbers  with  great  rapidity.  Before  an  adequate  supply 
of  water  could  be  poured  into  the  shaft,  the  flames  had  reached  the  400 
station,  and  800  ft.  of  timbering  was  practically  all  destroyed.  The  fire 
was  discovered  by  the  night  shift  going  into  the  mine.  Hose  lines  were 
run  into  the  tunnel  from  the  fire  pumps  in  the  boiler  room,  and  by  stretch- 
ing a  wet  blanket  across  the  tunnel  and  pushing  it  ahead,  the.  men  were 
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Fig.  8. — Longitudinal  Section  of  the  North  Star  Vein,  Dec.  31,  1900. 

able,  several  hours  after  the  fire  started,  to  get  close  enough  to  the  shaft 
to  put  water  into  it,  and  also  to  save  the  station  timbering  and  head  frame. 
Not  less  than  5,000,000  gal.  went  into  the  shaft  and  the  water  rose  to  the 
700-ft.  level.  The  difficulty  in  extinguishing  a  fire  in  an  incline  shaft 
will  be  readily  understood,  for  the  water  thrown  into  the  shaft  could  not 
be  effectively  used.  Nothing  was  done  toward  retimbering  the  shaft 
until  the  early  part  of  1893  and  after  the  reorganization  of  the  company. 
Owing  to  interruptions  based  on  financial  conditions,  the  repairs  were  not 
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completed  to  the  1,600  level  until  the  middle  of  1894.  The  burning 
timbers  above  the  1,200  had  fallen  down  below  that  level,  and  the  shaft 
was  badly  damaged  all  the  way  down  to  the  1,600  station.  Furthermore, 
much  of  the  timbering  in  the  stations  above  the  1,200  had  to  be  renewed, 
and  the  removal  of  the  tangled  and  twisted  pipes,  which  carried  air,  water, 
and  steam,  increased  the  cost  of  repairs;  but  as  the  shaft  was  in  hard 
slate  all  the  way,  there  were  no  serious  caves.  The  origin  of  the  fire  was 
never  known,  but  afterward  while  the  superintendent  was  waiting  in 
one  of  the  stations  for  some  blasts  to  go  off,  he  noticed  that  the  heavy 


Fig.  9. — Crystals  of  Quartz  Replacing  Calcitb. 

concussions  caused  movement  in  a  defective  splice  of  the  electric-light 
wires,  and  a  fire  started  in  some  dry  timbers  just  over  the  wires — so  it 
was  always  regarded  as  quite  possible  that  the  fire  in  No.  1  shaft  started 
in  a  similar  manner. 

The  cost  of  drifting  and  crosscutting  varied  from  $10  to  $14  per  foot, 
and  the  total  mining  cost  per  ton  of  ore  was  from  $3.50  to  $4,  of  which 
about  $1.50  was  for  development  work. 

MiUing 

The  first  mill  for  the  treatment  of  Drumlummon  ore  was  erected  by 
Thomas  Cruse  in  1878,  and  contained  five  stamps.    Shortly  after  the 
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purchase  of  the  property  in  1883  by  the  English  company,  another  battery 
of  five  stamps  was  added,  and  two  amalgamating  pans  and  a  settler. 
In  1884  a  50-8tamp  mill  was  completed  and  provision  was  made  for  ex- 
tracting the  rich  sulphides  by  treating  the  battery  pulp  on  Frue  vanners 
after  it  left  the  amalgamating  plates.  The  feed  boards  of  the  vanners 
also  carried  amalgamating  p  lates,  and  the  mill  was  equipped  with  pans 
and  settlers. 

With  the  ore  carrying  about  ^  oz.  gold  per  ton,  and  from  7  to  12  oz. 
silver,  the  bullion  from  the  plates  was  of  about  the  following  fineness: 

Gold  Silver 

Battery  plates 540    440  , 

Vanner  plates 380    600 

There  was  a  notable  accumulation  of  amalgam  on  the  plates.^ 

Two  years  later  a  GOnstamp  mill  was  erected  and  began  operations  in 
November,  1886.  It  had  two  vanners  for  each  battery  of  five  stamps,  but 
no  pans  and  settlers,  the  duty  of  this  mill  having  been  to  treat  the  lowest- 
grade  ore  from  the  mine,  and  particularly  that  low  in  silver.  The  stamps 
weighed  750  lb.,  the  drop  being  from  7  to  9  in.,  96  times  per  minute,  the 
screens  were  of  SO-mesh  steel  wire,  and  the  average  daily  duty  was  1.9 
tons  per  stamp.     The  cost  of  this  mill  was  $128,340. 

In  the  years  when  the  mine  was  making  its  best  output  the  yield  of  the 
ore  was  about  1  ton  of  concentrate  from  135  tons  of  ore,  but  as  this 
product  was  very  rich,  carrying  from  $300  to  $600  per  ton  in  gold  and 
silver,  it  contained  about  22  per  cent,  of  the  values  recovered  from  the 
ore. 

The  cost  of  treatment  was  at  out  $4  per  ton  in  the  50-stamp  mill,  and 
$1.15  in  the  60-stamp  mill. 

Cyaniding 

In  1896,  under  the  direction  of  C.  W.  Merrill,  tests  were  made  in  a 
small  experimental  plant,  with  a  view  to  working  the  tailing  from  the 
mills  by  cyanide  treatment,  and  the  results  were  so  favorable  that  a 
plant  was  built  the  next  year,  at  a  cost  of  about  $66,000,  and  having  a 
capacity  of  400  tons  per  day.  The  equipment  included  several  miles  of 
railway  of  36-in.  gauge,  with  Porter  locomotive  and  cars,  the  tailing 
having  been  impounded  by  five  dams  located  along  Silver  creek  for 
about  4  miles.    Additions  were  made  to  this  equipment  a  few  years  later, 

»  Trans,,  xxvi,  33  (1896). 
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involving  an  expenditure  of  about  $38,000,  and  by  the  close  of  1907  all 
the  tailing  had  been  treated,  amounting  to  824,570  tons. 

Total  Per  Ton 

Value  of  product $1,964,050.78  $2.37 

Expenses 1,111,106.67  1.35 


Profit $842,944.21  1.02 


Tailing  Recovery  Residue 

Total  Con-  p     ^  ^      p     ^  ^      ^       p      ^^^ 

tents 

Gold,  ounces 113,178    0.137         80,195      0.097  32,983        0.04 

SUver,  ounces 1,424,513     1.728       682,400      0.828  742,113        0.90 

Percentage  of  recovery:  gold  71;  silver  48  per  cent. 

The  average  cost  per  ton  was  $1.35,  but  this  included  a  charge  of 
$0,125  for  redemption  of  the  capital  invested  in  the  plant.  A  summary 
of  the  costs  per  ton  for  the  year  1904,  when  95,490  tons  were  treated, 
follows: 

Loading $0. 15 

Transportation 0. 10 

Impounding 0. 02 

Supplies:       Cyanide $0. 375 

Zinc 0.060 

lime 0.025 

Fuel 0.115^ 

Sundries 0. 105 

0.68 

Operating  labor 0.20 

Superintendence 0.04 

Total $1.19 

Composition  of  average  precipitate: 

Per  cent. 

Gold 2.27 

Silver 15.00 

Copper 6 .  70 

Zinc 38.00 

Calcium  carbonate 25 .  00 

Insoluble 1.10 
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Prodiiction 

The  best  year  of  the  mine  was  1887,  when  the  yield  of  the  ore  averaged 
$27.21  per  ton,  and  dividends  amounting  to  nearly  $920,000  were  paid, 
but  the  grade  of  the  ore  did  not  keep  up  as  depth  was  gained,  and  in  1 892 
a  combination  of  misfortunes — the  fire  in  No.  1  shaft,  a  flood,  a  bad  cave 
in  the  9-Hour  stopes,  and  expensive  litigation,  made  reconstruction  of  the 
company  a  necessity.  This  was  effected  Dec.  15,  1892,  and  a  new  name 
was  adopted,  the  Montana  Mining  Co.,  Ltd. 

The  following  table  shows  the  production  of  the  Montana  Co.,  and  of 
the  Montana  Mining  Co.,  up  to  the  time  when  the  property  passed  to  the 
St.  Louis  Mining  &  Milling  Co. 

Ore     Tailing      Total  Net      •  ^olf  of    ^'^*' 
Tons      Tons  Yield  ^^       dends 

1883-1892  Montana  Co 575,809  $8,498,794  $14 .  76 

188^-1892  Montana  Co 14,925a  59,849  £637,057 

1893-1910  Montana  Mining  Co.  572,641  4,719,131  8.24 

1893-1910  Montana  Mining  Co.                   14,975a  34,000 

1893-1910  Montana  Mining  Co.                 824,5706  1,954,051                   90,355 

M48,450  $15,265,825  627,412 

a  Tailings  treated  in  amalgamating  pans. 
6  Tailings  treated  in  cyanide  plant. 

Total  Production  Oz. 

Gold 568,898 

Silver 4,982,942 

The  Penobscot  and  Belmont  Mines 
by  walter  mcdermott,  london,  england 

Mr.  Goodale  has  asked  me  for  some  notes  on  the  other  mines  of  the 
Marysville  district,  particularly  the  Penobscot,  but  it  is  more  than 
30  years  since  I  was  connected  with  that  mine  and  the  Belmont,  and 
I  am  afraid  I  can  contribute  very  little  of  interest.  The  following  is 
mostly  taken  from  old  reports  in  my  possession: 

The  Penobscot  was  located  in  1872  by  Nate  Vestal,  and  created  a  great 
excitement  a  few  years  later  from  development  of  very  rich  ore  near  the 
surface.  The  first  ore  was  worked  in  two  small  arrastres  and  a  little  five- 
stamp  mill  on  Silver  creek,  a  mile  and  a  half  below  the  mine.  With 
this  equipment  $80,000  had  been  produced  from  ore  yielding  $20  a  ton 
as  an  average. 
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In  1878  a  14-ft.  vein  of  good  ore  was  found.  On  the  strength  of  this 
find  the  mine  was  purchased  for  $400,000  by  the  Penobscot  &  Snowdrift 
Consolidated  Mining  Co.,  the  capitalization  being  $500,000.  William 
Frue,  inventor  of  the  Frue  vanner,  with  friends  in  New  York,  raised  the 
capital  for  purchase  and  equipment,  and  controlled  the  operations  for 
some  time;  he  also  purchased  the  Belmont  mine. 


£^^* 


Fig.  10. — ^Longitudinal  Section  op  Penobscot  Mine,^Mar.  15,  1880. 

The  first  ore  taken  from  the  big  vein  was  very  rich,  685  tons  yielding 
$80,798  in  the  first  five  months  of  1878.  Mining  and  milling  costs  were 
about  $10  a  ton.  This  ore  was  treated  in  the  arrastre,  and  the  tailings 
from  it  assayed  1  oz.  in  gold  and  2.05  oz.  in  silver.  Some  samples  as- 
sayed from  vein  widths  of  6  ft.  yielded  better  than  $1,000  gold  per  ton. 
The  average  silver  content  was  about  10  oz. 


3(-StA  nf  fear 


Fig.  11. — Section  of  Belmont  Mine,  Apr.  22,  1880. 


Reports  made  at  the  time  the  property  was  purchased  were  very 
flattering.  The  average  assays  of  the  workings  were  given  as*$30  gold 
and  3  oz.  silver  per  ton. 

In  spite  of  this  encouraging  start,  the  results  proved  disappointing  to 
the  stockholders.    The  value  did  not  persist  in  depth  and  the  ore  shoots 
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proved  to  be  very  erratic  and  pockety.  The  Bonanza  shaft  was  sunk 
to  a  depth  of  330  ft.  but  yielded  unsatisfactorily  below  a  depth  of  160  ft. 
In  addition  to  erratic  values,  the  vein  widths  also  varied  rapidly.  The 
vein  was  in  silicified  shale  near  a  granite  contact.  Its  strike  was  north- 
east-southwest and  the  dip  was  75°  to  80®. 

During  the  period  from  September,  1878  to  January,  1880,  14,307 
tons  of  ore  were  mined  and  milled,  yielding  $251,661  in  bullion.  The 
exi)enses  for  that  period,  outside  of  purchase  of  mine,  were  $268,513, 
showing  a  loss  of  $15,852.  From  the  above,  the  average  bullion  yield 
per  ton  is  seen  to  have  been  $17.59. 

Soon  after  this  the  property  was  closed  down,  remaining  idle  for  sev- 
eral years.    Later  it  was  worked  on  tribute  for  a  time. 

Operating  costs  at  that  time  were  not  so  excessive  as  one  might  think, 
considering  the  cost  of  transportation  and  supplies.  It  was  204  miles 
from  Helena  to  the  terminus  of  the  Utah  A  Northern  Railway,  52  hr.  by 
stage.  The  average  mining  costs,  including  extensive  prospecting,  were 
$8.60  per  ton,  and  milling  costs  were  $2.98  per  ton. 

The  mine  water,  about  35  gal.  per  minute,  was  used  in  the  mill.  The 
35-b.p.  hoisting  engine  was  also  used  to  run  the  Blake  crusher. 

The  ore  was  hoisted  in  iron  buckets  of  750  lb.  capacity,  sliding  on 
skids  in  the  inclined  shaft.  With  a  mine  yield  of  1,100  tons  of  ore  per 
month,  hoisting  and  pumping  cost  68c.  per  ton. 

A  system  of  tram  lines  brought  the  ore  from  mine  to  mill.  From  the 
shaft  the  ore  was  trammed  200  ft.  to  the  crusher,  from  which  it  was  carried 
on  a  double-track  gravity  tram  3,300  ft.  long  to  the  ore  house,  and  from 
there  it  was  trammed  300  ft.  to  the  mill.  The  gravity  tram  had  cars  of 
2i  tons  capacity,  and  could  keep  the  mill  going  by  running  2  hr.  out  of 
the  24.     Tramming  costs  were  figured  at  29c.  per  ton. 

The  mill  was  considered  a  very  fine  one  for  those  times.  It  was  fur- 
nished by  the  Fraser  &  Chalmers  Co.  of  Chicago,  and  had  40  stamps, 
each  weighing  650  lb.  The  stamps  dropped  70  times  per  minute 
with  a  7-in.  drop.  Forty-mesh  screens  were  used  and  the  capacity  was 
rated  at  IJ  tons  per  stamp  per  24  hr. 

Below  the  plates  there  were  four  Frue  vanners,  and  the  vanner  tailings 
were  run  through  blanketed  sluice  boxes.  About  75  tons  of  concentrates, 
containing  lead  as  sulphide  and  carbonate,  and  averaging  $50  per  ton, 
had  accumulated  up  to  1880,  but  there  was  no  smelter  near  enough  to 
handle  this  product  profitably. 

A  68  per  cent,  saving  was  made  by  the  mill,  the  tailings  assaying  $8.30 
per  ton. 

The  40-stamp  mill  cost  about  $40,000.  After  the  40-stamp  mill  was 
in  operation,  the  arrastre  was  no  longer  used.  The  arrastre  plant  was  a 
rather  pretentious  affair,  consisting  of  four  grinding  tubs,  three 
amalgamating  tubs,  and  one  settler. 
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In  1880  the  Belmont  mine  had  a  20-8tamp  mill.  The  property  looked 
very  encouraging  at  this  time,  having  yielded  $104,238  from  December, 
1878,  to  April,  1880.  The  yield  per  ton  was  between  $8  and  $20.  Mine 
and  mill  costs  were  about  $6.50  per  ton. 

The  Belmont  vein  was  in  silicified  shale  in  the  upper  levels,  but  ran 
into  the  granite  with  depth.  The  ore  paid  fairiy  well  in  the  upper  levels, 
but  petered  out  in  value  and  regularity  below.  The  change  of  country 
rock  in  depth  appeared  unfavorable  in  the  case  of  the  Belmont. 

The  Belmont  mill  had  shaking  copper  plates  in  addition  to  stationary 
plates.  These  were  attached  to  the  Frue  vanners  as  feed  aprons,  and, 
fitted  with  two  low  riffles  (top  and  bottom),  not  only  made  an  additional 
regular  saving  of  gold  after  the  fixed  plates,  but  were  effective  in  catching 
hard  amalgam  when  careless  work  at  the  batteries  in  feed  of  quicksilver 
caused  occasional  losses.  Four  vanning  machines  concentrated  the  tail- 
ings from  the  plates.  The  concentrates  were  treated  in  an  amalgamation 
pan  and  settler. 

In  general  it  may  be  said  that  all  the  early  day  mines  of  the  Marysville 
district,  except  the  Drumlummon,  were  disappointing  in  depth. 

The  Empire  Mine 
by  f.  l.  sizeb,  dos  cabezas,  abiz. 

The  Empire  Mining  Co.,  Ltd.,  of  London,  England,  was  organ- 
ized early  in  1886,  to  take  over  the  Empire  mine,  owned  by  Hickey  and 
Cotter,  and  the  Whipperwill  mine,  owned  by  Nate  Vestal,  who  had  dis- 
covered the  Penobscot  mine  a  few  years  earlier  and  sold  it  for  a  half 
million  dollars.     The  claims  in  the  Empire  group  are  shown  in  Fig.  10. 

The  Empire  mine  was  little  more  than  a  prospect,  opened  by  cuts  and 
shallow  shafts,  none  of  them  over  70  ft.  deep,  but  already  showing  a  good 
body  of  high-grade  gold-bearing  quartz. 

The  Whipperwill  mine  had  been  worked  to  a  depth  of  350  ft.,  and  had 
produced  largely,  but,  at  the  time  of  the  organization  of  the  Empire 
Mining  Co.,  had  not  been  in  operation  for  nearly  10  years,  and  most  of 
the  workings  were  caved  and  inaccessible. 

The  writer  became  the  first  manager  for  the  new  English  company 
and,  after  a  few  necessary  repairs  to  the  old  10-stamp  mill,  in  Coombes 
gulch,  a  mile  below  the  mine,  started  milling  operations  on  ore  which 
averaged  about  $20  per  ton.  This  ore  was  readily  amalgamated  and  a 
high  percentage  was  usually  saved.  Inside  amalgamation  was  the 
method  in  use  in  the  old  mill. 

The  locality  on  the  west  side  of  Belmont  mountain,  5  miles  from 
Marysville  and  li  miles  south  of  Gloster,  was  a  heavily  timbered  country, 
cut  by  deep  gulches  and  subject  to  a  heavy  snowfall,  which  made  the 
spring  months  difficult  ones  in  which  to  start  an  operation. 
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Repair  of  old  roads  and  building  of  new  ones  was  the  first  order  of 
business,  and,  while  Marysville  aflforded  some  supplies,  Helena,  27  miles 
distant,  was  the  principal  supply  point,  everjrthing  then  coming  by  wagon 
over  a  heavy  grade  from  Marysville,  or  the  longer  route,  by  Silver  City 
and  the  Little  Prickly  Pear  creek,  a  distance  of  35  miles. 

A  telephone  line  to  Marysville  was  one  of  the  first  things  constructed 
and  by  midsummer  of  1886  Empire  was  a  bustling  camp. 


nOTT'-V^M  art  drairn  niSi  dotted  (im$  on  tunnel  fiyef- 

Fio.  12. — ^Empibb  Gboup,  Stemplb  Mining  District,  Montana. 

A  daily  stage  to  Marysville  brought  mail  and  passengers,  and  as  much 
freight  as  a  four-horse  team  could  handle,  sometimes  obliging  the  passen- 
gers to  walk  up  the  steep  grade.  Occasional  visitors  who  drove  out  by 
team  from  Helena  thought  the  descent  into  Coombes  gulch  altogether 
too  steep  for  wheeled  vehicles  and  sometimes  tied  their  teams  at  the  top 
of  the  hill,  coming  down  to  the  mill  on  foot. 
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The  Drumlummon  mine  was  in  full  swing,  with  the  50-stamp  mill  in 
operation  and  the  60-stamp  gold  mill  under  construction.  A  number 
of  the  same  Englishmen  were  large  owners  in  both  properties. 

The  initial  development  of  the  Empire  mine  was  the  drivingxof  an  adit 
at  the  west  end  of  the  claim,  through  the  hard  metamorphosed  black  slate 
which,  at  a  distance  of  120  ft.,  cut  the  Empire  vein.  From  this  point 
levels  were  driven,  both  east  and  west  on  the  vein,  and  this  constituted 
the  main  working  level. 

I  well  remember  that  this  rock  was  so  hard  that  a  good  crew  of  miners 
who  had  taken  a  contract  for  driving  the  adit  at  $20  per  foot,' threw  it  up 
in  despair  at  less  than  40  ft.  in.  This  adit  was  afterward  extended 
straight  into  the  mountain,  in  a  northerly  direction,  and  at  1,100  ft.  cut 
the  Whipperwill  vein  at  a  depth  of  500  ft.  where  the  vein  was  practically 
barren.  The  entire  lengthy  of  this  ,1,100-ft.  working  tunnel  was  in  the 
metamorphosed  black  slate,  without  any  intrusion  of  quartz  diorite  or 
porphyry  and,  so  far  as  my  development  of  the  Empire  vein  went,  there 
was  no  change  in  the  country  rock. 

The  higher-grade  Empire  quartz  was  generally  slightly  copper  stained, 
and  all  the  surface  ore  highly  oxidized,  iron  predominating.  There  was 
enough  copper  in  the  tailings  to  prove  a  serious  drawback  to  their  treat- 
ment by  the  cyanide  process,  which  was  attempted  several  years  later, 
but  not  enough  for  us  to  receive  pay  for  the  copper  in  the  concentrates, 
except  in  one  shipment.  There  was  very  little  silver  in  the  ore,  generally 
an  ounce  of  silver  to  the  ounce  of  gold,  and  the  bullion  ran  about  700  in 
gold  fineness,  298  in  silver  and  2  in  copper.  The  Whipperwill  quartz 
contained  no  copper,  was  generally  harder,  and  the  better  grade  of  ore 
was  the  rose  quartz  and  purple-stained  amethystine  quartz,  some  of  the 
crystals  obtained  there  being  beautiful  cabinet  specimens. 

The  Empire  vein  had  a  nearly  east-and-west  strike,  dipping  to  the 
south  at  70°,  while  the  Whipperwill,  parallel  to  the  Empire  vein  in  strike 
and  occupying  the  crest  of  the  ridge,  was  dipping  north  at  about  80°. 
There  were  no  cross  veins  intersecting  the  Empire  and  Whipperwill  veins 
and  no  faulting  of  either  of  them,  although  the  Smithville  (the  western 
extension  of  the  Empire  vein)  had  a  strike  of  about  N.  60°  W.,  and  there 
was  a  radical  change  in  the  character  of  the  vein  quartz  on  this  west 
extension  of  the  Empire. 

The  richer  portion  of  the  Empire  was  between  the  surface  and  the 
300-ft.  level  (the  adit  above  mentioned  being  the  420-ft.  level),  and  on  the 
300-ft.  level,  and  just  above  it,  was  some  of  the  richest  gold-bearing  quartz 
ever  taken  out  of  any  mine  in  the  district. 

A  peculiar  feature  here  was  a  slab  of  galena  ore  on  the  hanging- wall, 
very  rich  in  gold  and  associated  with  copper-stained  quartz,  which  ex- 
tended for  a  length  of  150  ft.,  a  height  of  40  or  50  ft.,  and  a  thickness  of 
from  2  or  3  in.,  on  the  edges,  to  a  thickness  of  10  in.  in  the  middle.     At 
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no  other  point  in  the  mine  was  galena  ore  ever  encountered.  The  Empire 
vein  had  an  average  width  of  6  ft.,  some  of  the  stopes  opening  to  a  width 
of  16  ft. 

Below  the  adit  mentioned  a  winze  was  sunk  to  a  depth  of  130  ft.,  and 
levels  run  from  the  bottom,  east  and  west,  making  this  depth  from  surface 
550  ft.  below  the  highest  point  of  outcrop  at  the  east  end  of  claim.  At 
this  depth  there  was  no  pay  ore,  the  vein  showing  for  the  most  part  as  a 
fissure  filled  with  crushed  slate,  devoid  of  value,  and  what  quartz  there 
was  tending  to  sprangle  out  into  the  slate  walls  as  insignificant  seams. 
Tso  pay  ore  was  taken  out  below  the  tunnel  level,  with  the  exception  of 
about  40  ft.  in  depth,  and  this  was  a  short  shoot. 

The  Whipperwill  vein  was  about  4  ft.  in  width,  opening  to  10  ft., 
but  at  a  depth  of  500  ft.  was  so  uniformly  low  grade  as  to  preclude  the 
]K>ssibility  of  working  it  at  a  profit.  This  was  also  true  of  the  Smithville, 
the  western  extension  of  the  Empire  vein,  which  was  devoid  of  copper- 
stained  quartz  and  was  generally  of  a  value  below  $6.  There  was  no 
exploration  of  the  Whipperwill  vein  below  the  working-tunnel  level, 
during  my  time,  though  I  have  some  recollection  of  having  heard  that  a 
shallow  winze  was  sunk,  in  later  years,  with  no  profitable  results. 

During  1886,  amalgamation,  both  inside  and  outside  the  mortars,  was 
tried  and  a  five-stamp  battery  of  light  stamps,  high  drop,  for  an  ex- 
periment, and  Frue  vanners  for  saving  the  concentrates,  were  added  to 
the  old  mill.  With  the  high-grade  surface  ore  a  fairly  prosperous  year 
resulted;  so  that  before  the  end  of  the  first  year's  existence  of  the  Empire 
company  a  15  per  cent,  dividend  was  paid,  and  authorization  made  for  a 
new  mill. 

The  concentrates  did  not  constitute  more  than  5  per  cent,  of  the  total 
mine  output;  and  were  usually  below  $100  per  ton  in  value,  and  from  only 
one  locality,  that  above  the  300-f t.  level,  as  mentioned,  did  I  ever  receive 
pay  from  the  smelters  for  lead  in  the  concentrates,  although  all  the  con- 
centrates carried  a  considerable  percentage  of  lead,  much  of  it  in  the  form 
of  carbonate.  One  shipment  gave  the  following  assay:  Gold,  4.2  oz., 
silver,  29.4  oz. ;  lead,  36.5  per  cent.  The  total  output  in  two  years,  under 
my  management,  was  a  little  over  a  half-million  dollars — all  from  the 
Empire  and  Smithville  veins,  but  none  from  the  Whipperwill. 

Doubtless  because  of  the  fact  that  the  Montana  Co.,  Ltd.,  at  Marys- 
ville,  had  just  completed  a  60-stamp  mill,  the  Directors  declared  in  favor 
of  a  mill  of  the  same  size  at  Empire,  and  by  April  of  1887  the  work  of 
excavating  for  foundations  was  begun.  Deliveries  of  lumber  and 
machinery  were  slow,  owing  to  the  long  wagon  haul,  so  that  it  was  late  in 
November  before  the  first  40  stamps  were  in  operation  and  the  remain- 
ing 20  stamps,  about  the  end  of  January,  1888.  A  substantial  and  up-to- 
date  mill  was  the  result,  and  a  monthly  crushing  capacity  of  5,000  to  6,000 
tons  was  the  average. 
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To  supply  this  larger  mill  very  rapid  work  in  the  mine  was  necessary, 
and,  because  of  the  failure  of  the  lowest  levels  to  develop  any  new  ore,  a 
lower  average  grade  ore  was  supplied  to  the  mill.  A  rail  tramway  con- 
necting the  main  adit  level  with  the  mill  proved  a  cheap  method  of 
delivering  the  ore,  and  the  whole  operation  was  systematized  and  con- 
stituted a  model  operation,  stimulating  other  prospecting  and  mining 
work  in  the  district. 

Marysville  became  a  lively  center  and,  for  the  succeeding  eight  or  ten 
years,  was  a  prosperous  mining  camp,  obtaining  rail  connection  late  in  the 
year  1887. 

The  Stemple  district  has  always  been  one  prolific  of  profitable  gold- 
quartz  mines  and  now,  after  the  lapse  of  25  years,  has  again 
taken  on  new  life  due  to  renewed  activity  in  the  Bald  Butte,  Piegan- 
Gloster,  and  others  of  the  old  mines,  re-opened,  and  it  is  quite  likely  that 
further  prospecting  will  uncover  some  new  bonanza  orebodies  in  the 
mines  of  this  district. 

The  Empire  mine  is  one  of  those  which  has  been  operated  at  intervals 
since  1893,  by  a  number  of  diflferent  owners,  but  has  been  idle  for  a  major 
portion  of  the  time  in  the  past  20  years.  At  one  time  it  was  reported 
that  a  payable  body  of  copper  ore  had  been  discovered  in  the  lowest  level, 
but  it  proved  to  be  only  a  limited  amount  of  the  heavily  copper-stained 
quartz,  and  even  that  not  specially  high-grade  gold  ore. 

It  has  many  times  been  suggested  to  me  that  the  lowest  level  in  the 
Empire  was  in  a  barren  zone,  and  that  deeper  sinking  would  result  in  pene- 
trating the  continuation  of  the  ore  shoots,  which  were  so  rich  and  profit- 
able above. 

If  any  operation  in  the  district  is  continued  long  enough  to  test  this 
surmise,  it  will  be  a  distinct  gain  for  the  district,  as  a  whole,  and  I  hope 
that  some  purse  will  be  long  enough  to  give  this  matter  a  fair  trial. 

I  confess  that  the  very  hard  and  highly  metamorphosed  slates  at  the 
head  of  Coombes  gulch  and  general  underground  conditions  in  the  Empire 
mine,  with  many  quartz  veins  which,  at  shallow  depths,  200  ft.  or  less 
from  the  surface,  die  out  in. the  hard  slates,  suggests  the  thought  that 
some  of  the  quartz  veins  higher  up  on  Belmont  mountain  than  the  Empire 
are  likely  to  be  more  lucrative  to  re-operate  than  this  mine,  which  was  my 
first  love  in  the  grand  old  State  of  Montana. 

Regretting  that  my  scattered  notes  of  earlier  years  of  experience  do  not 
permit  of  my  giving  a  more  dejl^ailed  account  of  this  very  interesting 
property,  and  hoping  that  these  brief  notes  will  stimulate  some  of  my 
contemporary  engineering  friends  in  Montana  to  add  to  this  line  of  histor- 
ical record,  I  herewith  submit  my  contribution. 
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TRANaACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  AEViaiON] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  1%  ■hould  pnferably  be  piMentod  in  penon  at  the 
Salt  L«ke  meeting,  August,  1914,  when  nn  abetraet  of  the  paper  will  be  read.  If  thia  is  impossible, 
then  diseuflsion  in  writing  may  be  sent  to  the  Editor,  Amerioan  Institute  of  Mining  Engineers,  29  West 
39th  Streetj  New  York,  N.  x.,  for  presentation  by  the  Seeretary  or  other  representative  of  its  author. 
Unlees  special  arrangement  is  made,  the  disoussion  of  this  paper  will  close  Oct.  1, 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 
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2122  'methods  and  economies  in  mining 

Introduction 

In  any  discussion  of  mining  one  is  repeatedly  confronted  with  the 
difficulty  of  dealing  with  so  many  variable  conditions.  It  is  not  an  exact 
science  and  in  the  choice  of  a  method  each  varying  factor  has  a  certain 
weight,  which,  in  many  cases,  experience  alone  can  determine.  In 
mathematical  terms,  it  is  a  function  of  many  variables. 

A  discussion  of  mining  also  loses  much  of  its  value  unless  costs  are 
considered,  because  the  expectation  of  profit  is  the  only  excuse  for 
carrying  on  mining  at  all.  As  conditions  vary  they  cause  fluctuations 
in  cost  and  there  are  few  operations  to  which  a  definite  cost  can  be 
assigned.  The  character  of  the  ore  may  make  it  difficult  to  drill,  yet 
because  of  the  ease  with  which  it  breaks  the  total  cost  of  drilling  and 
blasting  may  be  low. 

In  preparing  this  article  the  attempt  has  been,  not  to  cover  the  whole 
field  of  mining,  but  to  describe  the  different  methods  of  stoping  and  min- 
ing which  have  distinct  principles.  In  addition  to  this  an  effort  has  been 
made  to  show  the  advantage  of  dissecting  the  methods  into  their  detailed 
operations  and  applying  to  these  a  mathematical  study  as  an  aid  to  the 
judgment  in  determining  which  is  the  best  method  to  adopt,  or  in  attempt- 
ing to  reduce  the  cost  of  a  method  already  in  use. 

Methods  of  mining  include  stoping,  caving,  and  various  methods  of 
working  large  deposits  which,  in  addition  to  the  method  of  actually 
breaking  the  ore,  require  elaborate  and  definite  plans  of  development  of 
the  orebody.  The  ordinary  methods  of  stoping  are  too  familiar  to  all 
for  any  elaborate  discussion,  but  it  has  seemed  advisable  to  review  the 
subject  and  give  the  principal  advantages  and  disadvantages  of  the 
different  methods. 

Factors  Affecting  Choice  of  Method 

In  addition  to  the  various  external  factors,  such  as  the  supply  of 
labor  and  the  financial  status  of  the  operating  company,  the  principal 
items  that  influence  the  method  of  mining  to  be  adopted  are: 

The  size  and  shape  of  the  deposit: 
,    Character  of  the  ore,  whether  high  or  low  in  grade. 

Whether  the  values  are  regularly  or  irregularly  distributed. 

Physical  character,  whether  hard  or  soft,  tough  or  brittle. 

Character  of  the  country  rock. 

Immediate  and  future  demands  for  ore. 

Amount  of  development  work  done  or  that  may  be  necessary. 

Amount  of  water  to  be  handled. 

Cost  of  power,  timber,  and  supplies. 

Ventilation. 

Whether  drilling  is  to  be  done  by  hand  or  with  machine  drills. 
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Review  of  Stopinq  Methods 

Depending  on  these  factors,  the  following  methods  of  stoping  may  be 
employed: 

Underhand  stoping: 

Ore  is  hoisted  to  the  level  above;  Cornish  stoping. 

Ore  is  drawn  from  the  level  below. 
Overhand,  or  back  stoping: 

Starting  stopes. 

Drift  stoping. 

Cutting  out,  or  lead  stoping. 

Raise  stoping. 

Longitudinal  back,  flat-back,  or  Jong-wall  stoping. 

Rill-cut  stoping. 

Saw-tooth  back  stoping. 

Shrinkage  stoping. 
Combination  stoping. 
Breast  stoping. 
Side  stoping. 
Sublevel  stoping. 
Square-set  stoping. 
Filling  methods. 

Underhand  Stoping 

The  method  of  underhand  stoping  in  which  the  ore  is  drawn  to  the 
level,  above  (B,  Fig.  1),  is  called  Cornish  stoping.  It  finds  application 
only  when  it  is  necessary  to  mine  a  lens  of  good  ore  below  a  level  and  it  is 
not  practicable  or  financially  possible  to  do  the  necessary  development 
to  come  up  from  underneath.  Its  disadvantages  are  the  excessive  cost 
of  raising  both  ore  and  water. 

Underhand  stoping  where  the  ore  is  drawn  from  the  bottom  (Ay 
Fig.  1),  has  more  merit  than  is  usually  accorded  it,  especially  in  the 
Western  States.  On  the  Rand  it  has  been  used  almost  exclusively. 
Its  advantages  and  disadvantages  as  compared  chiefly  to  overhand 
stoping  are  as  follows: 

Advantages: 

Ease  in  drilling  down  holes  when  drilling  is  done  by  hand. 
Holes  are  drilled  wet  and  dust  is  eliminated. 
No  platforms  are  required  on  which  to  drill. 

Disadvantages: 

Limited  to  steeper  pitches  than  overhand  stoping  because  the  ore 
does  not  work  straight  down  the  foot  wall  to  the  raise;  in  flat 
pitches  this  would  necessitate  more  shoveling. 
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Limited  to  good  walls  if  the  vein  is  steep.    Loose  rocks  sluff  off 
from  poor  walls  and  endanger  the  workmen  below. 
Levels  ordinarily  must  be  driven  closer  together  to  reduce  the 
height  of  the  unsupported  walls;  this  necessitates  an  added  cost  of 
development. 

Raises  must  be  put  up  at  frequent  intervals.     This  work  in  some 
cases  amounts  to  35  or  40  per  cent,  of  the  total  development. 
No  ore  reserves  are  possible. 

The  waste  that  can  be  sorted  in  the  stope  if  the  vein  is  steep  is 
limited  to  what  can  be  thrown  on  lagging  supported  by  stulls. 
Certain  efficient  types  of  stoping  drills  cannot  be  used. 
The  great  advantage  if,  of  course,  the  drilling  of  down  holes  when 
drilling  is  done  by  hand.     Few  men  to-day  can  or  will  drill  very  many 


Fig.  1. — Underhand  Stoping. 


"uppers"  in  a  shift.  South  Africa  had  its  native  labor  which  could  not 
be  taught  to  drill  them.  It  might  seem  on  first  thought  that  the  disad- 
vantages are  so  numerous  that  they  preclude  any  chance  of  the  method 
being  adopted  under  ordinary  labor  conditions,  but  I  have  examined  mines 
where  the  combination  of  conditions  in  narrow  veins  indicates  very  strongly 
that  the  method  would  be  more  economical  than  overhand  stoping  and 
quite  as  safe. 
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Overhand  Stoping 

Overhand  stoping,  in  general,  has  the  following  advantages  and 
disadvantages: 
Advantages: 

Stoping  can  be  started^directly  from  the  level  without  any  raises 

or  winzes. 


Fig.  2. — Overhand  Stoping. 

Levels  can  be  driven  far  apart.     These  two  considerations  mean 

less  cost  foi  development. 

Advantage  is  taken  of  the  force  of  gravity  in  breaking  the  rock. 

Miners  work  at  the  back  and  can  inspect  it  so  that  the  danger  of 

falling  rocks  is  largely  eliminated. 

Either  ore  or^waste  can  be  stored  in  the  stope. 

A  flatter  seam  can  be  worked  than  in  underhand  stopmg  without 
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the  necessity  of  shoveling,  as  the  ore  runs  directly  down  the  pitch 

and  is  given  an  impetus  by  the  blast. 

Water  takes  care  of  itself. 

Pillars  of  ore  or  waste  can  be  left  easily. 
Disadvantages: 

In  most  cases  holes  must  be  drilled  up  or  flat. 

If  the  stope  is  not  filled  with  ore  or  waste,  stuUs  and  platforms 

must  be  used,  even  though  the  walls  require  no  support. 

If  the  raises  are  far  apart  ventilation  is  poor. 
Starting  an  Overhand  Stope. — ^In  Fig.  2  are  shown  various  methods  of 
working  the  back  in  overhand  stoping.  To  start  the  stope,  if  the  ore  is 
low  grade  and  timber  is  scarce,  a  pillar  or  pillars  are  left  above  the  level 
as  shown  in  A,  and  if  the  ore  is  high  grade  it  is  all  removed  above  the  level 
and  stuUs  are  placed  as  shown  at  B.  To  start  a  stope  as  shown  at  £,  a 
cutting  out  or  lead  stope  is  broken  immediately  above  the  level  as  shown 
at  D,  Fig.  2.  C,  Fig.  2,  is  a  wide  raise  or  raise  stope,  which  is  one  method 
of  opening  an  overhand  stope,  and  E  is  a  drift  stope,  which  is  a  term  used 
in  the  Lake  Superior  copper  mines  and  means  a  vride  and  high  drift  as  a 
start  for  the  overhand  stoping. 

Longitudinal  Back,  FkU-Back,  or  Long-Wall  Stoping 

After  starting  an  overhand  stope  the  shape  in  which  the  back  is 
carried  is  often  of  prime  importance.  In  A,  Fig.  2,  is  illustrated  the 
method  of  carrying  a  flat  or  longitudinal  back  (the  term  long-wall  is  used 
sometimes  when  the  vein  lies  nearly  flat).  In  this  method  the  benches  or 
breasts  are  frequently  made  of  a  height  sufficient  to  allow  of  a  square 
set  being  placed.  This  is  done  at  Butte  and  it  is  often  referred  to  as 
breast  stoping.  In  general,  a  flat-back  stope  as  illustrated  has  the  fol- 
lowing advantages  and  disadvantages: 
Advantages: 

If  the  stope  is  filled  with  waste  or  ore  it  is  more  convenient  for 

men  to  work  on  a  level  surface.     Tramming,  shoveling,  or  sorting 

in  the  stope  can  be  done  to  better  advantage,  and  waste  raises 

can  be  driven  farther  apart. 

Square  sets  may  be  conveniently  placed  by  making  the  benches  the 

proper  height. 

Timber  struts  or  cribs  can  be  used  between  the  filling  and  the  back, 

in  case  the  latter  is  weak. 

A  long  stope  distributes  the  broken  ore  well  along  the  level,  and 

tramming  is  thus  facilitated. 
Disadvantages: 

The  principal  disadvantage  of  a  flat-back  stope  is  that  if  filling 

is  used,  and  kept  close  to  the  back,  it  must  be  distributed  in 

wheelbarrows  or  cars. 
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RiUrCul  Sloping 

Rill  cut,  or  rill  stoping,  as  shown  at  B,  Fig.  2,  has  the  principal  ad- 
vantage that  when  filling  is  used  it  can  be  run  down  through  a  raise  at 
the  apex  of  the  stope  and  will  fill  the  stope  without  shoveling.  Its  dis- 
advantages, on  the  other  hand,  are  as  follows: 

When  waste  filling  is  run  in  from  the  raise  it  has  a  sloping  surface 
which  makes  it  difficult  to  keep  ore  and  waste  from  mixing,  and 
is  unhandy  for  men  to  work. 

Raises  must  be  put  in  at  frequent  intervals,  and  the  added  cost  of 
these  raises  may  exceed  the  cost  of  spreading  the  filling  in  a  flat- 
back  stope. 

Ore  chutes  must  be  carried  up  through  the  filling,  and  the  timber 
used  in  their  construction  cannot  be  recovered.    This  is  a  disad- 
vantage as  compared  with  shrinkage  stoping. 
At  F,  Fig.  2,  is  shown  a  method  of  rill  stoping  in  which  the  benches 
are  inclined  so  that  down  holes  can  be  used.    Down  or  water  holes  give  ofif 
no  disagreeable  dust,  and  can  be  drilled  faster  with  piston  machines. 

SaW'Tooth  Back  Stoping 

This  method  of  carrying  the  back  in  an  overhand  stope  is  shown  at 
Gy  Fig.  2.  It  is  claimed  that  it  makes  drilling  more  convenient  if  machine 
drills  mounted  on  a  bar  are  used. 

Shrinkage  Stoping 

Shrinkage  stoping  refers  to  any  overhand  method  in  which  the  stope 
is  kept  full  of  broken  ore  until  it  is  completed.  The  miners  stand  on  top 
of  the  broken  ore  and  work  at  the  back.  As  broken  ore  takes  up  more 
space  than  ore  in  a  solid  mass,  about  35  to  40  per  cent,  of  it  must  be  drawn 
to  leave  room  for  working. 
Advantages: 

Raises  may  be  placed  far  apart. 

The  broken  ore  serves  as  a  support  to  the  walls.     This  does  away 

with  the  necessity  for  much  timber. 

The  miners  work  on  top  of  the  broken  ore;  timber  platforms  are 

eliminated,  and  the  work  is  made  much  easier.     It  is  also  convenient 

to  work  a  larger  number  of  men  in  the  stope. 

A  large  ore  reserve  is  maintained. 

Large  rocks  can  be  broken  with  sledges  in  the  stope  and  blocking 

the  chutes  is  avoided. 

No  ore  passages  are  required  from  the  level  up  to  the  back  of  the 

stope.     Manways  are  necessary  up  through  the  broken  ore,  but  the 
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timber  used  in  their  construction  can  usually  be  recovered  when 

the  ore  is  drawn. 

Ventilation  is  better  than  in  an  empty  stope. 
Disadvantages: 

Stoping  must  be  kept  ahead  of  the  demand  for  ore.    This  requires 

additional  capital. 

There  is  practically  no  opportunity  to  sort  ore  in  the  stope. 

Ore  filling  is  not  permanent  and  the  stope  may  cave  when  it  is 

withdrawn. 

Scaling  or  unstable  walls  may  cause  waste  to  mix  with  the  ore  or  pro- 
hibit the  use  of  the  method  altogether. 
Although  shrinkage  stoping  is  rather  generally  used,  it  would  be  used 
more  if  it  were  not  for  the  fact  that  many  mines  are  not  in  a  condition 
to  keep  an  ore  reserve,  but  must  draw  the  ore  for  the  mill  as  fast  as  it 
is  broken.  The  added  efficiency  to  be  obtained  from  the  miners  when 
working  on  a  firm  floor  of  ore,  and  not  on  loose  lagging  laid  on  stuUs, 
is  a  very  important  advantage  of  the  method. 

Combination  Stoping 

In  a  discussion  of  stoping  methods,  steeply  pitching  veins  are  usually 
referred  to,  because  the  majority  of  veins  in  nature  are  steeper  than  45^, 
and  also  because  to  refer  each  method  of  stoping  to  veins  of  ail  dips  causes 
confusion.  Before  considering  combination  stoping,  however,  a  brief 
ri^umS  of  the  methods  of  handling  ore  in  veins  of  different  dips  is  neces- 
sary. In  veins  dipping  from  35®  or  40°  up  to  90**  the  ore  rims  down  by 
gravity.  From  20**  to  35®  it  must  be  assisted  by  shoveling,  or  by  using 
chutes  with  smooth  bottoms  or  placed  at  an  angle  steeper  than  that  of 
the  vein.  From  10®  to  26®  the  ore  may  be  taken  down  to  the  level  by 
shoveling,  shaking  chutes,  mono-rail  trams,  gig-back  railways,  or  con- 
veyors. From  veins  that  are  horizontal  up  to  those  having  dips  of  10®  to 
15®  tracks  are  usually  laid  on  the  foot  wall  and  cars  are  pulled  up  to  the 
face  by  men  or  animals.  An  animal  can  pull  an  empty  car  up  a  6®  slope 
and  a  loaded  car  up  a  3®  slope.  So  in  dips  greater  than  6®  the  track  must 
be  laid  at  an  angle  with  the  line  of  the  dip. 

In  combination  stoping,  which  is  illustrated  in  Fig.  3,  and  which  is 
a  combination  of  imderhand  and  overhand  stoping,  it  is  possible  to  keep 
the  working  face  more  nearly  in  a  line  parallel  to  the  raises  and  perpen- 
dicular to  the  level.  This  is  a  distinct  advantage  if  a  stationary  or  shaking 
chute  is  being  used  to  carry  the  ore  to  the  level,  because  a  large  part  of 
the  face  of  the  stope  is  accessible  to  the  chute.  This  becomes  a  double 
advantage  if  a  large  output  is  required.  In  combination  stoping  develop- 
ment work  is  also  reduced  because  levels  may  be  driven  far  apart,  and 
fewer  raises  are  required  than  in  simple  imderhand  stoping. 
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Side  Sloping 


This  is  an  extreme  of  combination  stoping  in  which  the  working  face 
of  the  stope  is  vertical.  The  face  is  parallel  to  the  raises  just  as  the  face 
in  fiat-back  stoping  is  parallel  to  the  levels. 

Breast  Stoping 

Breast  stoping  refers  to  the  working  of  a  fiat  orebody,  or  a  flat  sec- 
tion of  an  orebody,  just  as  coal  is  mined  from  a  flat  coal  seam.  That 
is,  a  slice  is  worked  in  a  horizontal  direction.  The  assumption  is  that 
there  is  no  open  stope  either  above  or  below  the  slice,  or  else  the  method 


"^"^^^  ^^^^if^'^f'f'  ^  -'9.'   r   y^     /^^,      ^//^f-Z^/f  f  ^Jf  /j,r  ,^ft^^r//f   jf/f  f />^  ff. 


Fig.  3. — Combination  Stoping. 

becomes  either  underhand  or  overhand  stoping.  In  some  cases  the 
benches  in  underhand  or  overhand  stoping  are  called  breasts,  and  the 
method  breast  stoping,  but  I  believe  that  is  not  the  usually  accepted 
definition.  Breast  stoping,  in  the  strict  sense,  is  the  only  name  appli- 
cable to  the  mining  of  a  horizontal  slice,  such  as  the  sill  floor  of  a  large 
overhand  stope,  or  the  slices  in  the  top-slicing  method. 

Svblevel  Stoping 

This  method,  described  by  F.  W.  Sperr  in  the  Engineering  and  Min- 
ing Journal  of  June  5,  1912,  and  by  P.  B.  McDonald  in  the  Mining  and 
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Scientific  Press  of  July  5,  1913,  is  really  a  combination  of  several  different 
methods  of  stoping.  Fig.  4  is  an  illustration  of  the  method,  and  shows 
half  of  the  vein  cut  away  where  the  stoping  is  being  done.  The  miners 
go  from  the  haulage  level  up  the  raise  into  the  sublevels.  On  the  first 
sublevel  they  will  blast  into  the  shape  of  funnels  the  raises  that  come  up 
from  the  haulage  level,  and  after  working  back  the  slice,  s,  by  breast 
stoping  will  drill  holes  at  a  and  shoot  part  of  this  bench  down  into  the 
raises.  On  the  second  sublevel  the  miners  work  back  the  slice,  s,  and 
then  with  down  holes  at  b  will  blast  the  remainder  of  the  first  bench 
down  into  the  raises,  and  with  uppers  at  c  shoot  off  part  of  the  second 
bench.     Both  sets  of  holes  will  be  fired  at  the  same  time.     In  this  way 
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Fig.  4. — Sublevel  Stoping. 


each  sublevel  is  drawn  back;  the  broken  ore  is  drawn  off  through  the 
funnel-shaped  raises,  which  leaves  a  large  open  stope.  The  sublevels  are 
driven  about  25  ft.  apart  vertically,  and  8  to  10  ft.  are  shot  oflf  from  each 
bench  from  the  sublevel  below.  Obviously  where  there  is  a  capping 
above  the  ore,  as  shown  in  the  cut,  part  of  it  will  fall  when  the  upper 
bench  is  blasted  and  part  or  all  of  this  ore  may  be  lost.  '*  When  the  ore 
is  from  50  to  100  ft.  wide,  a  narrow  stope  of  about  one-third  of  the  width 
of  the  ore  is  drawn  back  through  the  middle,  leaving  a  pillar  of  ore 
standing  on  each  side."  These  pillars  or  slabs  left  against  the  walls  are 
then  drawn  back  in  the  same  manner.     The  method  is  applicable  to 
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veinB  from  12  to  100  ft.  wide,  or  wider,  if  pillars  are  left  between  stopes, 
and  evidently  comes  into  competition  with  shrinkage  stoping,  square- 
set  stoping,  and  top  slicing.  It  requires  expensive  development  but 
permits  a  large  tonnage  to  be  broken  in  a  relatively  small  stope.  The 
working  back  of  the  slices  on  the  sublevel  is  expensive  mining,  but  after 
that  is  done  the  rest  of  the  ore  blasted  from  the  benches  requires  a  com- 
paratively small  amount  of  powder. 

Square-Set  Sloping 

Square-set  stoping  may  refer  to  any  method  of  stoping  in  which 
square-set  timbers  are  used.  Unless  otherwise  specified,  however,  the 
term  is  limited  to  overhand  flat-back  stopes  in  which  square  sets  are 
used,  either  with  or  without  waste  filling.  Square-set  mining  is  advan- 
tageous when  the  vein  is  wide  and  the  walls  will  not  stand  without  timber- 
ing and  shrinkage  stoping  cannot  be  used;  when,  on  account  of  surface 
conditions,  caving  cannot  be  allowed,  or  where  caving  might  cause  the 
loss  of  other  orebodies;  when  the  ore  changes  rapidly  in  grade  and  re- 
quires frequent  sampling;  when  the  orebody  is  irregular  in  outline;  and 
when  old  stopes  may  have  to  be  approached  or  passed  through  at  some 
later  time. 

Filling  Methods 

Mine  workings  are  filled  with  waste  as  an  aid  to  timbers  in  support- 
ing weak  walls  or  back,  or  to  avoid  fully  or  in  part  the  use  of  timbers. 
Workings  that  must  be  prevented  from  caving  for  a  length  of  time  in 
the  future  are  be§t  protected  by  waste  filling.  The  filling  may  be  waste 
rock  from  development,  rock  blasted  from  the  walls  or  surface  for  the 
express  purpose  of  filling,  or,  if  available,  sands  from  concentration  mills 
make  excellent  filling  and  are  cheaply  placed  in  the  stopes. 

Caving  Methods  of  Mining 

There  are  three  distinctive  methods  of  working  large  deposits  that 
involve,  in  some  way,  the  factor  of  caving.  Slightly  different  names  are  in 
use,  but  those  that  are  simple  as  well  as  descriptive  are  top  slicing,  sub- 
level  caving,  and  block  caving.  In  a  discussion  of  these  methods,  three 
things  must  be  borne  in  mind:  that  the  methods  are  usually  applied  to 
massive  deposits;  that  the  deposits  are  usually  divided  into  blocks  or 
panels,  and  the  description  of  mining  one  panel  is  practically  a  complete 
description  of  the  method;  and  that,  in  most  cases,  the  orebodies  do  not 
come  to  the  surface  but  are  covered  with  a  capping.  This  capping  may 
be  glacial  drift,  as  in  some  instances  in  the  iron  regions  around  Lake 
Superior,  or  it  may  be  rock  from  which  the  ore  values  have  been  leached, 
as  is  the  case  at  some  of  the  large  copper  deposits. 
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Top  Slicing 

Top  slicing,  illustrated  in  its  ideal  form  in  Fig.  5,  consists  in  the 
working  of  an  orebody  in  horizontal  slices,  beginning  at  the  top.  Levels, 
for  haulage,  are  established  at  proper  intervals  and,  from  these,  raises 
are  put  up  to  the  top  of  the  orebody  about  every  50  ft.  Starting  at  the 
tops  of  these  raises  drifts  are  rim  out  and  then,  retreating  toward  the 
raise,  the  slice  is  worked  back  by  breast  stoping.     The  overburden  or 


Fig.  6. — ^Top  Sucino. 


capping  Ijring  above  the  ore  is  supported  on  square  sets  or  posts  until  a 
slice,  or  part  of  a  slice,  has  been  worked.  The  floor  of  the  slice  is  then 
covered  with  slabs  or  plank  and  the  supporting  timbers  are  shot  out  and 
the  capping  is  allowed  to  cave  on  to  the  timber  floor.  This  floor  and  the 
broken  posts  form  what  is  called  a  mat,  which  keeps  ore  and  capping 
separated.  The  miners  then  start  in  the  raise  and  work  out  another 
slice  of  the  ore  just  under  the  previous  one  and  catch  up  the  timber 
mat  with  posts  or  square  sets.     When  this  slice  is  completed  another 
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floor  is  laid  and  the  supports  again  blasted.  In  this  manner  the  ore- 
body  is  worked  in  successive  slices  from  the  top  downward.  The  broken 
ore  from  each  slice  is  run  to  the  raise  in  wheelbarrows  or  cars  and 
dropped  to  the  haulage  level.  The  capping  caves  and  follows  down  on 
top  of  the  mat. 

In  this  method  the  ore  is  not  caved  at  all,  but  the  ground  above 
the  ore  does  cave,  and  the  surrounding  country  will  cave  more  or  less 
according  to  the  amount  of  ore  removed.  If  there  are  any  other  orebodies 
in  the  region  affected  by  the  cave,  they  will  be  lost  or  their  recovery 
made  more  difficult.  This  is  one  of  the  reasons  which  may  prohibit  the 
use  of  caving  methods.  Also,  imless  the  deposit  is  small  compared  to  the 
distance  to  the  surface,  surface  subsidence  will  take  place  and  the  surface 
must  be  free  from  buildings  or  roads.  Top  slicing  is  adaptable  to  heavy 
ores  that  can  be  mined  easily,  and  require  heavy  timbering  and  filling 
if  worked  by  overhand  stoping.  Deposits  of  large  extent,  over  which  the 
overburden  will  cave  readily,  are  customary  conditions.  In  some  cases, 
top  slicing  may  require  as  much  or  even  more  timber  than  an  overhand 
stope  with  square  sets,  but  for  very  heavy  ore,  which  if  worked  overhand 
necessitates  strong  sets,  reinforced  and  braced,  it  takes  less  timber,  and 
in  any  case  poorer  timber  may  be  used. 

The  following  are  the  advantages  and  disadvantages  of  top  slicing, 
chiefly  as  compared  with  overhand  square*set  work  or  with  other  methods 
of  caving. 
Advantages: 

Cheaper  timber,  and  for  heavy  ores  less  timber,  is  required  than  for 

square-set  stoping. 

No  waste  filling  is  necessary. 

Ore  can  be  sorted  as  mined. 

Very  little  waste  from  the  capping  becomes  mixed  with  the  ore. 

Less  skilled  labor  is  required. 

Any  rich  fine  ore  produced  in  breaking  will  be  saved  on  the  slice 

below. 

Complete  extraction  of  the  ore  is  possible. 
Disadvantages: 

Caving  may  cause  injury  to  surface  structures  or  render  unworkable 

other  orebodies  in  the  region. 

Mining  the  ore  by  breast  stoping  requires  more  drilling  and  blasting. 

Broken  ore  on  the  slice  must  be  shoveled  into  barrows  or  cars  and 

taken  to  the  raises. 

Development  must  be  kept  ahead  of  the  demand  for  ore. 

It  is  difficult  to  leave  bodies  of  low-grade  ore  which  may  be  found 

in  the  deposit. 

Ventilation  is  difficult,  and  in  some  cases,  the  decajdng  timbers  in 

the  mat  give  off  heat  and  obnoxious  gases. 
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It  is  possible  to  work  only  on  the  top  of  the  ore,  and  although  several 
slices  may  be  worked  at  the  same  time,  it  is  not  possibles  to  estab- 
lish work  at  different  levels.  This  may  make  it  difficult  to  obtain 
a  required  tonnage  from  a  deposit  of  small  horizontal  section. 
Capping  should  cave  readily,  and  not  arch,  or  the  method  may 
become  very  dangerous. 

Svblevel  Caving 

This  method,  otherwise  referred  to  as  sublevel  drifts  and  back  caving, 
or  sublevel  slicing,  resembles  top  slicing  in  that  the  orebody  is  worked 
from  the  top  down,  and  the  ore  is  taken  out  in  horizontal  slices.     A  block 


Fig.  6. — Sublevel  Caving. 


of  ore  is  left  above  the  slice,  however,  and  when  a  small  portion  of  the 
slice  has  been  mined  out,  this  back  is  allowed  to  cave.  Fig.  6  shows  a 
block  or  panel  of  ore  worked  by  sublevel  caving.  Raises  are  put  up  from 
the  haulage  level,  and  from  these  sublevel  drifts  are  driven  14  to  20  ft. 
apart  vertically.  When  these  drifts  reach  the  boundary  of  the  property, 
or  of  the  panel  to  be  worked,  cross  drifts  as  a,  6,  and  c  are  driven  across 
the  block  and  timbered.  The  back  of  ore  is  thus  undercut  but  is  sup- 
ported by  the  drift  timbers.  The  timbers  of  cross  drift  a  are  next  blasted 
and  the  weight  of  the  capping  caves  the  back  of  ore  down  on  to  the  floor 
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of  the  slice,  where  the  miners  shovel  it  into  cars  and  push  it  to  the  raise. 
A  timber  mat  may  be  used  as  in  top  slicing.  Sublevel  caving  is  adaptable 
to  massive  deposits  or  wide  veins  in  which  the  ore  is  not  difficult  to  break, 
yet  is  firm  enough  to  hold  the  capping  while  supported  by  the  drift  tim- 
bers. An  overburden  that  will  readily  cave  is  necessary. 
Advantages: 

The  cost  of  mining  is  low,  because  a  large  percentage  of  the  ore  is 

broken  with  little  or  no  blasting,  and  the  amount  of  timber  used 

is  small. 

A  large  output  is  possible. 

A  large  percentage  of  the  ore  can  be  saved. 

The  ore  can  be  kept  freer  of  waste  than  in  block  caving. 
Disadvantages: 

It  is  limited  in  application  to  certain  ores. 

A  large  amount  of  development  is  required  which  must  be  kept 

ahead  of  the  demand  for  ore. 

A  large  part  of  the  ore  must  be  shoveled. 

Caving  endangers  surface  and  other  ore  deposits. 

There  is  some  danger  to  the  miners. 

Ventilation  is  difficult. 

Block  Caving 

Block  caving  is  an  extreme  case  of  sublevel  caving  in  which  instead 
of  a  back  of  ore  5  to  10  ft.  thick,  one  50  ft.  thick  is  undermined  and 
allowed  to  cave.  The  method  is  illustrated  in  Fig.  7.  After  the  bottom 
of  the  block,  or  panel,  is  cut  up  into  pillars  by  drifts  and  cross  drifts, 
the  pillars  are  robbed,  and  then  the  remaining  stumps  are  blasted  out  with 
one  large  blast.  This  allows  the  entire  block  above  to  cave.  In  settling 
it  disintegrates  so  that  it  can  be  shoveled  with  very  little  additional 
blasting.  For  a  block  to  cave  it  is  usually  necessary  for  it  to  be  freed 
on  one  or  more  sides.  This  is  done,  as  shown  in  the  cut,  by  narrow  stopes, 
called  isolating  stopes.  After  the  ore  has  settled  for  from  two  to  six 
months  timbered  drifts  are  driven  through  it.  The  broken  ore  is  allowed 
to  run  into  these  drifts,  starting  farthest  from  the  shaft,  is  shoveled  into 
cars  and  trammed  out.  As  soon  as  capping  shows  at  any  point  shovel- 
ing is  stopped. 
The  advantages  of  this  method  are: 

The  cost  of  mining  is  low  because  very  little  drilling  and  blasting, 

or  timbering  is  required. 

The  amount  of  development  is  small. 

A  large  output  is  possible. 
Disadvantages: 

The  method  is  limited  in  application  to  low-grade  ore  of  such 

character  that  it  will  cave  and  disintegrate. 
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A  large  amount  of  ore  becomes  mixed  with  capping  and  lost. 
There  is  no  opportunity  to  select  or  sort  the  ore. 

Back  Caving  into  Chutes 

There  is  another  principle  that  should  be  mentioned  under  mining 
methods.  It  is  called  back  caving  into  chutes  or  chute  caving  and  in 
some  ways  resembles  block  caving.  (The  description  of  a  mine  employing 
this  principle  is  given  in  Mining  Without  Timber,  by  Brinsmade,  p.  181.) 
Large  overhand  stopes  are  worked,  not  by  drilling  and  blasting  the  entire 
back,  but  by  blasting  out  narrow  isolating  stopes  around  the  edges  of  the 


Fig.  7. — Block  Cavinq. 

main  stopes  and  allowing  the  rest  of  the  ore  in  the  center  to  fall  of  its 
own  weight.  That  is,  a  large  percentage  of  the  ore  is  mined  by  caving. 
The  broken  ore  is  drawn  oflf  through  chute  raises  in  the  bottom  of  the 
stope. 

As  far  as  I  am  aware,  the  preceding  pages  cover  every  method  of 
mining  that  has  a  distinctive  feature  and  can  be  readily  classified.  There 
are  innumerable  different  systems  of  mining  but  they  all  involve  only  these 
principles,  or  modifications  and  combinations  of  them. 
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Costs  op  Mining  Methods 

To  compare  properly  two  diflferent  methods  of  mining,  it  is  not  wise 
to  attempt  to  calculate  the  total  cost  of  each,  but  rather  to  compare  the 


costs  of  those  operations  that  are  differently  executed  in  the  two  methods 
under  consideration.  When  any  method  is  in  operation  the  proper  way 
to  reduce  the  total  cost  is  to  dissect  it  into  its  different  operations  and  see 
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if  the  cost  of  one  or  all  of  these  cannot  be  reduced.  Keen  competition 
has  forced  large  manufacturing  and  other  industrial  enterprises  to  give 
careful  attention  to  cost  accounting  and  efficiency  engineering.  This 
calls  for  the  investigation  of  the  smallest  details;  conditions  are  adjusted 
so  that  a  workman  will  not  lose  time  in  going  after  a  tool  or  in  walkmg 
from  one  machine  to  another.  An  increase  in  the  efficiency  of  a  number  of 
small  operations  means  a  corresponding  decrease  in  the  total  cost  of  pro- 
duction. The  reasons  why  efficiency  engineering  has  been  so  generally 
adopted  are  two:  First,  it  attacks  its. problem  in  a  scientific  manner  and, 
second,  it  brings  results  in  dollars  and  cents.  Mine  managers  are  not 
excusable  from  applying  its  principles  just  because  the  ore  may  be  high 
enough  in  grade  to  pay  dividends  even  under  lax  conditions. 

The  different  operations  of  mining  can  be  separated  in  different  ways. 
Fig.  8  is  a  diagram  which  shows  a  logical  arrangement  and  the  smallest 
operations  shown  in  it  could  be  subdivided  into  yet  smaller  details  ad 
infinitum.  In  determining  upon  a  new  method  or  in  attempting  to  re- 
duce the  cost  of  one  already  established,  these  operations  must  be  care- 
fully studied.  If  modifying  a  method  will  increase  the  efficiency  of  one 
operation  without  affecting  the  rest,  the  problem  is  a  simple  one,  but 
usually  more  than  one  operation  is  affected,  some  adversely,  and  some  to 
advantage,  in  which  case  to  determine  which  is  the  cheaper  method  it  is 
necessary  to  apply  to  each  operation  its  cost  under  the  different  conditions. 

Costs  of  Drilling  and  Blasting.     Comparison  of  Sloping  Methods 

As  an  appendix  to  this  article  I  have  collected  a  number  of  costs  of 
mining  as  published  in  the  reports  of  mining  companies. 

Obviously  but  few  of  these  reports  show  the  costs  of  the  operations 
given  in  Fig.  8,  and  in  order  to  bring  out  their  detailed  costs  it  is  necessary 
to  make  certain  assumptions.  To  bring  out  the  costs  of  the  different 
operations  of  drilling  and  blasting,  consider  the  data  on  North  Star, 
Alaska-Treadwell,  and  the  Rand  as  given  in  the  appendix,  with  general 
data  on  Cripple  Creek  and  the  Michigan  copper  mines.  All  are  straight 
overhand  stoping  methods  with  the  exception  of  the  Rand,  and,  although 
not  so  stated,  I  assume  that  these  data  refer  to  underhand  stoping. 
The  first  consideration  is  drilling.  Up  to  the  present  time  for  underhand 
work,  mounted  machines  were  the  only  ones  available,  but  it  is  probable 
that  in  the  future  they  will  be  largely  replaced  by  light  unmounted 
machines  of  the  Jackhamer  type.  For  overhand  work,  the  hammer  stop- 
ing drill,  unmounted,  has  demonstrated  its  superiority  in  reduced  labor 
cost,  increased  ease  of  handling,  and  greater  drilling  speed  in  rock  that 
is  not  too  hard.  While  actually  at  work  machines  will  drill  from  0.25 
to  15  in.  a  minute,  usually  1  to  3  in.  At  the  North  Star  mine,  evidently, 
25  to  30  ft.  are  drilled  for  each  machine  shift.  Light  stoping  drills  are 
used  and  break  7|  tons  in  a  4-ft.  stope.     In  Cripple  Creek  the  average 
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of  several  mines  is  60  ft.  for  each  machine  shift.  Light  stoping  drills  are 
used  and  the  machine  runner  is  using  the  machine  about  6  out  of  every  8 
hr.  In  a  5-ft.  stope  14  4j-ft.  holes  will  break  about  15  tons.  In  the 
Lake  Superior  copper  region,  in  the  amygdaloid  lodes,  machines  drill  from 
30  to  47  ft.  a  shift  in  different  mines.  ^  In  the  conglomerate,  on  account 
of  more  massive  copper  and  higher  quartz  content,  about  24  ft.  for  each 
machine  shift  is  the  average  (9-hr.  shift)  and  seldom  is  more  than  28  ft. 
drilled.  Holes  in  both  cases  are  usually  8  ft.  deep  and  a  burden  of  2  to 
3  ft.  is  placed  on  them.  In  the  conglomerate,  although  harder  to  drill,  54 
tons  are  broken  for  each  machine  shift,  whereas  in  the  amygdaloid  only 
about  38  tons  are  broken.  The  stopes  are  10  to  30  ft.  wide.  At  the 
Alaska-Treadwell  each  machine  in  the  stopes  drills  28  to  34  ft.  and  breaks 
32i  to  45  tons.  Heavy  piston  drills  are  used  and  the  stopes  are  about  60 
ft.  wide.  On  the  Rand  large  machines  break  7.2  tons  in  a  55-in.  stope, 
10  tons  in  a  6-ft.  stope,  19}  tons  in  a  7-ft.  stope,  and  small  machines  break 
3.7  tons  in  a  4-ft.  stope.  To  arrive  at  the  actual  cost  of  drilling  it  is  also 
necessary  to  consider  the  cost  of  compressed  air,  machine  labor,  repairs, 
and  drill  steel  and  sharpening.  The  cost  of  compressed  air  varies  from 
S0.40  to  $2.50  for  each  machine  shift.  It  depends  on  the  cost  of  power, 
size  and  efficiency  of  the  compressor,  size  and  efficiency  of  machine  drill, 
and  the  conditions  of  the  drill.    The  accompanying  table  taken  from  Ore 


Cost  per  1,000  Cu. 
Ft.  Free  Air 
Compressed 

Cost  per  Drill 
Shift. 

Style  of 
Compressor 

Maximum 

Capacity 

Cu.Ft. 

Free  Air 

per  Minute 

Total 
Cost 
per 
H.  P. 
Hour 

Sea 
Level 

5,000 
Ft. 
Alti- 
tude 

10,000 
Ft. 
Alti- 
tude 

Sea 
Level 

5,000 
Ft. 
Alti- 
tude 

10,000 

Ft. 
Alti-] 
tude 

Simple   steam    (non- 
oondensing 

200 

2.2c. 

6.9c. 

5.3c. 

4.8c. 

$2.07 

$2.22 

$2.40 

Compound        steam 
non-condensing) 

300 

1.6 

4.0 

3.6 

3.3 

1.40 

1.50 

1.65 

Simple    steam    (con- 
densing)   

2,500 

1.0 

2.7 

2.4 

2.2 

0.95 

1.01 

1.10 

Compound        steam 
(condensing) 

3,000 

0.8 

2.2 

1.9 

1.8 

0.76 

0.81 

0.88 

Table  based  on  8-hr.  shift  with  coal  at  $5  a  ton. 


^Claude  L.  Rice:  Engineering  and  Mining  Journal,  vol.  xciv,  No.  5,  p.  217  (Aug. 
3,  1912). 
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Mining  Methods,  by  W.  R.  Crane,  gives  the  cost  of  operating  a  3-in. 
drill  in  granite. 

At  the  North  Star  mines  machine  men  cost  $3  a  shift  or  43c.  a  ton; 
machine  power,  40c.  a  shift  or  6c.  a  ton;  repairs  and  lubrication,  42c. 
a  shift  or  6c.  a  ton;  drill  steel  and  sharpening,  75c.  a  shift  or  10c.  a  ton; 
total  for  drilling,  $4.57  a  shift  or  65c.  a  ton.  To  this  must  be  added  25c. 
a  ton  for  powder,  4c.  for  fuse  and  Ic.  for  caps,  which  makes  a  grand  total 
of  95c.  a  ton.  Allowing  for  rock  left  in  the  stopes  this  would  be  reduced 
about  15  per  cent. 

At  Cripple  Creek  machine  men  cost  $3.50  a  shift  or  24c.  a  ton;  air, 
$2  a  shift  or  13c.  a  ton;  repairs  and  lubrication,  25c.  a  shift  or  2c.  a  ton; 
drill  steel  and  sharpening,  50c.  a  shift  or  3ic.  a  ton.  Total  for  drilling, 
$6.25  a  shift  or  42ic.  a  ton.  To  this  add  24c.  a  ton  for  powder,  3}c.  for 
fuse,  and  Ic.  for  caps,  which  gives  a  grand  total  of  71c. 

At  the  Alaska-Treadwell  machine  men  and  helpers  average  $6.85  a 
shift  or  21c.  a  ton;  air,  75c.  a  shift  or  2c.  a  ton;  repairs,  50c.  a  shift  or 
l^c.  a  ton;  drill  steel  and  sharpening,  45c.  a  shift  or  l^c.  a  ton.  Total 
for  drilling,  $8.55  or  26c.  a  ton.  Adding  15c.  for  powder,  Ic.  for  fuse, 
and  }c.  for  caps  gives  42}c.,  to  which  must  be  added  an  additional  6c. 
for  extra  labor  which  includes  powder  men.  This  gives  a  grand  total  of 
48ic. 

The  data  given  in  the  appendix  on  operations  on  the  Rand  are  too 
incomplete  to  analyze  as  the  others  are  analyzed.  From  other  data 
which  I  have,  I  assume  that  the  costs  are  about  as  follows:  Machine 
labor,  $4.50  a  shift;  air,  75c.;  repairs,  50c.;  drill  steel  and  shan>ening,  50g. 
This  is  a  total  of  $6.25.  An  average  of  12  tons  were  broken  each  shift, 
which  gives  a  cost  of  52c.  a  ton  for  drilling.  To  this  must  be  added  25c. 
a  ton  for  explosives,  which  gives  a  grand  total  of  77c. 

On  the  Rand,  despite  the  greater  stoping  width,  the  cost  of  explo- 
sives is  nearly  as  much  as  at  North  Star  or  Cripple  Creek  and  the  drilling 
cost  per  shift  is  much  greater.  The  influence  of  the  width  of  the  stope 
on  the  tonnage  broken  is  well  illustrated  in  the  Alaska-Treadwell  and  the 
added  cost  of  machine  labor  is  minimized.  The  long  holes  used  and  the 
character  of  the  ore,  no  doubt,  preclude  the  possibility  of  using  one-man 
machines. 

From  the  above,  it  is  seen  that  an  item  worthy  of  consideration  ia 
that  of  drill  steel  and  sharpening.  It  varies  greatly  but  in  any  case  is  a 
factor  worthy  of  attention.  Not  only  the  cost  of  new  steel  and  the  wages 
of  the  blacksmith,  but  the  delivery  of  sharp  drills  to  the  stope  and  the 
removal  of  dull  steel,  should  be  considered.  By  comparing  cost  items 
occurring  in  the  reports,  which  are  given  in  the  appendix,  other  features 
influencing  drilling  and  blasting  might  be  shown,  but  the  greatest  value 
results  in  making  comparison  when  conditions  are  similar  and  are  known 
with  exactness. 
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Ldghting 

It  is  stated  in  one  of  the  mining  books  that  the  cost  of  lighting  for 
each  ton  of  ore  mined  is  about  the  same  in  all  mines.  This  is  not  the 
case.  The  cost  varies  according  to  the  light  used  and  the  number  of  men 
underground.  The  entire  subject  of  mine  lighting  has  been  well  covered 
by  Frederick  H.  Morley  in  the  Mining  and  Scientific  Press  of  April  11, 
1914.  The  following  table  taken  from  this  article  gives  the  cost  of 
acetylene  lighting  in  10  of  the  large  metal  mines. 


Carbide 

Number 

Con- 

Coet 
Carbide 
per  Lb., 

Cents 

Cost 

Cost  of 

of  Men 

Number 

sump- 

per 

Candles 

Name  of  Company 

Employed 

Using 

tion  per 

lamp 

per 

Under- 

I4unp8 

Lamp, 

Shift, 

Shift, 

ground 

Os. 

Cents 

Cents 

Shift 

Homestake  Mining  Co 

1,025 

1,025 

8.0 

3.50 

1.75 

7.00 

Ray  Con.  Copper  Co 

1,400 

1.200 

9.0 

4.50- 

2.50- 

5.00« 

Ouincv  Mininff  Co 

1,389 
625 

575 

6.7 

3.50« 

1.46« 

Osceola  Con.  M.  Co 

625 

6.0 

3.50 

1.38 

United  Verde  Copper  Co. . . . 

600 

676 

6.5 

5.50 

2.23 

5.40 

Bunker  HiU  A  SulUvan  Co. . 

460 

208 

7.0 

5.25 

2.30 

6.18 

Calumet  &  Ariiona  M.  Co. . . 

1,000 

60 

7.0 

5.50 

2.40 

6.64 

Ohio  CoDper  M.  Co 

96 

37 

8.0 

5.80 

2.90 

Nevada  Con.  Copper  Co 

200 

20 

4.0 

4.67 

1.12 

3.27 

Mammoth  Copper  Mr  Co. . . 

12 

10.0 

5.86 

3.66 

5.15 

Average 

7.22 

4.76 

2.17 

5.52 

'Estimated. 


Timbering  and  Handling  Ore  in  Stapes. 

Methods. 


Square-Set  vs.  Top-Slicing 


There  is  often  a  question  as  to  whether  square  setting  or  top  slicing 
is  more  economical.  For  instance,  in  massive  deposits  of  heavy  sulphides 
the  ore  is  easily  drilled  and  breaks  well  and  if  overhand  stoping  with 
square  sets  is  used  the  weight  of  the  ore  necessitates  very  heavy  timber- 
ing. In  order  to  compare  the  two  methods  and  also  to  show  cost  data 
on  timbering  and  handling  ore  in  stopes,  assume  the  methods  applied  to 
a  block  of  ground  50  ft.  square  and  assume  that  the  development  work 
is  the  same  in  each  case.  The  sets  to  be  6  by  6  by  8  ft.  In  the  top- 
slicing  method  a  drift  one  set  wide  is  started  at  the  top  of  the  raise 
and  run  to  the  boundary  of  the  block  and  then  across  the  end  of  the  block. 
This  will  give  10  sets  of  drift.    It  will  take  about  eight  holes,  each  4}  ft. 
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deep,  to  break  a  round,  or  12  holes  to  break  a  set.  All  work  in  top  slicing 
is  breast  work,  and  the  drilling  must  be  done  with  a  drill  mounted  on  a 
column.  A  mounted  drill  will  drill  slower  and  require  more  time  for 
moving  than  a  light,  unmounted,  stoping  drill,  which  can  be  used  in 
square-set  mining.  The  cost  of  each  set  for  the  first  10  sets  of  drift  in 
top  slicing  will  be  about  as  follows: 

Drilling,  labor,  2  shifts  @  S3. 60 $7.00 

Drill  repairs  @  0.30 O.eO 

Drill  steel  and  sharpening  @  0.20 0.40 

Air  @  1.00 2.00 

Powder,  25  lb.  @  12ic 3.00 

Fuse,  60  ft.  ®  }c 0.40 

Caps,  12  @  Ic 0.12 

Cost  for  each  set 113 .  52 

Each  set  contains  288  cu.  ft.  or  approximately  28  tons;  this  makes  the 
cost  of  drilling  and  blasting  48c.  a  ton.  The  distance  to  tram  the  ore 
to  the  raise  will  average  50  ft.  and  the  cost  for  mucking  and  tramming  may 
be  estimated  as  follows:  A  man  will  shovel  this  ore  at  the  rate  of  about 
2J  tons  an  hour,  or  1  ton  in  24  min.  A  wheelbarrow  will  hold  about  \ 
ton  and  to  wheel  seven  barrow  loads  50  ft.  will  require  from  10  to  15 
min.,  say  11  min;  this  makes  the  time  consumed  in  shoveling  and  wheel- 
ing 1  ton  35  min.  or  22c.  a  ton  if  shovelers,  wages  are  37ic.  an  hour. 
This  is  equal  to  14  tons  handled  for  each  8-hr.  shift  and  a  cost  for  each  set 
of  $6.  Exclusive  of  the  raise  there  will  be  a  total  of  63  sets  in  a  slice, 
of  which  10  sets  are  mined  for  70c.  a  ton  (48c.  for  drilling  and  blasting 
plus  22c.  for  mucking).  The  remaining  53  sets  have  two  free  faces  to 
break  to.  The  cost  of  breaking  will  be  30  per  cent,  less  or  35c.  a  ton. 
The  average  distance  from  the  raise  will  be  less,  which  will  reduce  the  cost 
of  shoveling,  say  to  20c.,  which  gives  a  cost  of  55c.  for  the  remaining 
53  sets  or  an  average  cost  of  57c.  a  ton  to  mine  the  whole  slice.  On  one 
slice  there  will  be  required  72  posts,  64  caps,  and  72  girts.  A  post  8  by 
8  in.  by  8  ft.  will  contain  42  ft.  B.M.  and  costs  84c.  if  lumber  is  figured 
at  $20  per  M.  Caps  and  girts  8  by  8  in.  by  6  ft.  will  cost  64c.  each, 
figured  on  the  same  basis.  Framing  the  posts  will  cost  about  10c.  each  by 
hand  or  5c.  each  by  machines,  say  6c.  Framing  the  caps  and  girts  will 
cost  about  the  same.     This  gives: 

72  posts  ©90^ $64.80 

136  caps  and  girts  @  70^ 96.20 

$160.00 

which  is  $2.55  a  set.  The  cost  of  taking  the  timber  into  the  stope  and 
placing  it  will  amount  to  from  $1  to  $2  a  set,  say  $1.50.  Other  timber 
for  lagging  and  blocking  will  cost  about  85c.  a  set,  which  gives  a  total 
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for  timbering  of  $4.90  a  set  or  17c.  a  ton.  This  added  to  the  cost  of 
breaking  and  mucking  gives  74c.  a  ton. 

To  mine  this  same  block  of  ground  with  square  sets,  it  woiild  be 
necessary  to  divide  it  into  two  stopes  four  sets  wide  and  eight  sets  long. 
The  ore  has  been  assumed  to  be  heavy  and  it  would  be  impossible  to  carry 
a  wide  stope.  As  soon  as  a  stope  is  mined  it  should  be  filled.  For  drill- 
ing, a  light  stoping  drill  can  be  used  which,  under  the  assumed  conditions, 
will  drill  easily  50  per  cent,  more  footage  than  the  machine  on  the  slice. 
One-third  less  explosives  per  ton  will  be  required,  so  the  reduction  in  cost 
of  breaking  will  be  at  least  30  per  cent,  or  to  30c.  a  ton.  A  flooring  of 
plank  will  have  to  be  laid  on  the  top  set  and  alwut  75  per  cent,  of  the 
broken  ore  will  not  fall  into  the  chutes  but  must  be  shoveled.  A  shoveler 
will  handle  3  tons  an  hour  at  a  cost  of  12Jc.  a  ton  for  75  per  cent,  of  the 
ore.  This  is  equivalent  to  9c.  for  the  total  tonnage.  We  have,  there- 
fore, reduced  the  cost  of  breaking  and  shoveling  from  57c.  in  top  slicing 
to  39c.  in  overhand  stoping  with  square  sets,  a  saving  of  18c.  a  ton. 

Consider  the  timbering.  It  is  not  necessary  to  go  again  into  detail 
but  first  assume  that  the  ground  can  be  held  up  by  square  sets  of  10  by 
10  in.  timber.  A  post  10  by  10  in.  by  10  ft.  long  contains  66  ft.  B.M.  and 
at  $20  per  M.  will  cost  $1.32.  Since  it  is  heavy  timber  and  framed  on 
both  ends,  the  framing  will  cost  about  12c.,  making  its  total  cost  $1.44. 
Caps  and  girts  will  cost  $1  each  plus  8c.  for  framing,  or  $1.08  total. 
This  makes  a  total  of  $3.60  for  timbers  in  the  square  set  instead  of  $2.30 
in  the  set  used  in  top  slicing,  an  increase  of  $1.30.  There  will  also  be  an 
added  cost  of  placing  of  about  50c.,  which  makes  a  total  additional  cost 
for  timbering  in  the  square-set  method  of  $1.80  per  set  or  65c.  per  ton. 

These  figures  show  very  plainly  that  the  timbering  used  in  square 
set  must  be  very  heavy  to  make  the  increased  cost  over  top  slicing  greater 
than  is  the  saving  in  breaking.  Here  the  saving  in  the  latter  is  18c.  but 
the  increased  cost  of  timber  is  only  6ic.,  leaving  a  balance  of  ll^c.  in 
favor  of  square-set  mining.  This  is  in  accord  with  experience,  but  when 
timbers  will  not  support  the  ground  and  many  braces  are  required,  or  fill- 
ing must  be  resorted  to,  top  slicing  becomes  cheaper.  Filling  will  cost 
at  least  20c.  a  ton  and  probably  50c.  One  mine  that  I  have  had  in  mind  in 
preparing  these  figures  has  a  cost  of  timbering  and  filling  of  more  than  $1 
a  ton.  At  the  Esperanza  mine,  Mexico,  in  1907,  35  ft.  B.M.  of  timber 
were  used  for  each  ton  of  ore,  which  at  $20  per  M.  is  70c.,  and  that  for 
timber  alone.  It  must  be  remembered,  however,  that  in  ore  that  does 
not  break  easily  the  additional  cost  of  breaking  in  the  top-slice  method 
becomes  much  greater. 

I  do  not  want  to  give  the  impression  that  these  figures  are  to  indicate 
the  total  cost  of  mining  by  the  different  methods.  There  are  many  other 
items  such  as  superintendence  and  ventilation  that  enter  into  the  cost 
of  mining.     There  are  also  incidental  expenses  in  breaking  and  tiraber- 
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ing,  such  as  repairing,  timbering  chutes,  and  the  like,  the  cost  of  which 
will  enter  into  the  total  cost  of  any  method,  and  the  amount  can  be  judged 
only  by  experience.  The  figures  given  bring  out  only  the  relative  costs  of 
different  operations  in  different  methods  under  assumed  conditions.  In  my 
opinion,  a  few  figures  are  necessary  to  aid  in  determining  the  merits  of 
different  methods  or  in  reducing  the  costs  of  methods  in  use.  With  the 
figures,  experience  and  judgment  must  be  added.  These  are  probably 
more  necessary  in  mining  than  in  any  other  business,  because  there  are  so 
many  variable  conditions. 

Tramming 

The  costs  of  tramming  as  given  in  published  reports  nearly  always 
include  not  only  tramming,  but  loading  also,  either  from  chutes  or  from 
the  floor  of  a  drift.  The  following  interesting  data  are  from  the  Engineer- 
ing and  Mining  Journal  of  Mar.  8,  1913. 

**At  the  Elkton  Ck)nsolidated  Mining  &  Milling  Co.,  Cripple  Creek,  Colo.,  the 
191 1  cost  of  tramming  was  14.6c.  per  car  of  approximately  0.7-ton  capacity.  The  South 
Utah  Mines  &  Smelters,  Newhouse,  Utah,  reports  its  tramming  cost  for  the  year  ended 
June  30,  1912,  at  15.76c.  per  ton  of  ore,  which  esridently  includes  the  cost  of  handling 
waste  removed.  In  Goldfield,  Nev.,  tramming  has  averaged  about  18c.  per  ton  of 
ore  produced  from  stopes  and  has  ranged  from  about  14  to  25c.  These  figures  are  for 
actual  tons  trammed  and  do  not  include  any  shoveling  in  stopes.  At  the  North  Star 
mine,  Grass  Valley,  Calif.,  observations  show  that  a  man  pushes  an  18-cu.  ft.  car 
about  150  ft.  per  minute  and  shovels  about  3  tons  per  hour  from  a  plat  into  car 
against  2  tons  when  shoveling  off  a  rock  bottom.  According  to  this  a  shoveler's 
efficiency  is  increased  about  50  per  cent,  by  using  a  plat.  The  Wolverine  Co., 
Houghton,  Mich.,  reports  tramming  costs  at  17.4c.  per  ton  of  ore,  and  the  Wettlaufer- 
Ix)rain,  Cobalt,  Ont.,  21c.  per  ton  of  ore." 

Data  on  Tramming 

Shoveling  from  Rock  Bottom 

Size  No.  Length      Amount 

Mine                          State             Car  of  of  Tram  Trammed 

Used  Men  Ft.    per  Man-Hr. 

Erie  Consolidated Calif.           U  ton  2  1,000    1. 17  ton 

Erie  Consolidated Calif.           li  ton  1  1,000    1.6    ton 

Pittsburg-Silver  Peak Nev.          1.1  ton  1  700    1.52  ton 

Cananea  Consolidated Mez.        16.8  cu.  ft.  1  300  35.8  cu.  ft. 

Shoveling  from  Plat 

Erie  Consolidated Calif.         1.0  ton  1  100      1.75  ton 

Pittsburg-Silver  Peak .  Nev.          1 . 1  ton  1  1,000      1 .  575  ton 

Cananea  Consolidated Mex.        16.8cu.  ft.  1  300    42.0  cu.  ft. 

Ohio  Copper Utah       20  cu.  ft.  1  100    41.0  cu.  ft. 

Loading  from  Chute 

Erie  Consolidated Calif.         li    ton  1  1,500    3.12  tons 

Pittsburg-Silver  Peak Nev.          1 . 1  ton  1  700    6 .  19  tons 

Cananea  Consolidated Mex.  ...  16.8  cu.  ft.  1  300    84.2  cu.  ft. 

Ohio  Copper Utah       20.0  cu.  ft.  1  160    206  cu.  ft. 

Mother  Lode B.  C.         2. 15  tons  1  450      8.4  tons* 

•  Tramming  with  horses  and  locomotives. 
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If  a  man  shovels  from  a  plat  at  the  rate  of  2}  tons  an  hour  and  wages 
are  37}c.  an  hour  the  cost  of  shoveling  is  15c.  a  ton.  If  a  1,000-lb. 
ear  is  being  used  he  will  fill  it  in  12  min.  If  the  tramming  distance  is 
1,000  ft.  and  the  trammer  walks  200  ft.  a  minute  the  trip  will  require  10 
min.,  allowing  2  min.  to  dump,  the  tramming  wiU  take  the  same  time  and 
cost  the  same  as  the  loading,  that  is  15c.  a  ton  or  a  total  of  30c.  a  ton. 
Three  things  are  very  evident :  Tramming  is  an  important  item  of  cost  in 
nearly  every  mine,  the  size  of  the  car  makes  a  decided  difference,  and  the 
resistance  to  traction  of  the  car  itself  and  the  grade  and  condition  of  the 
track  are  important  factors.  I  remember  seeing  one  stretch  of  track 
1,000  ft.  in  length  over  which  it  took  two  men  to  push  a  car  of  1,000  lb. 
capacity.  Figuring  as  above  this  increased  the  cost  of  tramming  15c.  a 
ton,  and  in  fact  it  was  even  more  because  the  two  men  could  push  the  car 
but  slowly. 

Henry  Nagel,  Superintendent  of  the  Vindicator  mine  at  Cripple  Creek, 
has  made  some  interesting  observations  in  regard  to  tramming.  He  noted 
in  one  case  that  tramming  on  800  ft.  of  level  track  cost  3c.  a  ton  more  than 
tramming  on  800  ft.  of  track  which  had  a  grade  of  i  per  cent,  in  ^avor  of  the  - 
loads.  In  another  case  a  man  who  had  been  shoveling  and  tramming  in  a 
drift  with  bad  air,  did  50  per  cent,  more  work  when  a  good  circulation  of 
air  was  secured.  In  his  opinion  the  greatest  efficiency  is  secured  from  a 
trammer  when  the  track  grade  is  such  that  he  can  ride  the  car  when  going 
in  loaded.  As  to  the  latter  assertion  a  few  figures  may  show  how  it 
would  not  be  true  under  all  conditions.  A  car  weighing  500  lb.  and  hold- 
ing 1,200  lb.  of  ore  will  weigh  1,850  lb.  when  a  150-lb.  man  is  riding.  If 
it  has  good  bearings  and  has  a  resistance  to  traction  of  only  20  lb.  to  the 
ton  it  will  run  on  a  1  per  cent,  grade.  If  it  has  very  poor  bearings  and  has 
a  friction  of  60  lb.  to  the  ton  it  will  require  a  3  per  cent,  grade  for  coasting. 
On  this  grade  the  empty  car  returning  weighs  500  lb.  and  would  require 
one-fourth  of  120  lb.  or  30  lb.  force  to  push  it.  This  is  too  much  for  the 
average  man.  The  car  with  the  good  bearings  would  take  only. a  push 
of  10  lb.  to  bring  it  back  up  the  grade,  which  shows  the  importance  of  good 
bearings,  as  well  as  of  good  track. 

Mining  of  the  Massive  Porphyry  Copper  Deposits 


The  past  decade  has  witnessed  the  development  and  successful  opera- 
tion of  a  half  dozen  or  more  immense  deposits  of  low-grade  copper  ore 
that  occur  in  the  Western  States.  In  every  case  sufficient  capital  was 
available  to  carry  out  the  development  of  the  mines  in  the  manner  de- 
cided upon,  and  it  is  interesting  to  note  the  different  methods  that  were 
employed. 
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Utah  Copper  and  Boston  Consolidated  Mines 


The  first  two  "porphyry  coppers"  were  the  Utah  Copper,  and  Boston 
Consolidated,  at  Bingham,  Utah.  The  Utah  Copper  started  out  with 
a  modification  of  the  chute-caving  method  described  in  Crane's  Ore 
Mining  Methods j  p.  141.    The  method  was  not  satisfactory  and  was 


1 


ip^ 


^s^  11' yr 

Plan 

Fig.  9. — Stoping  System, 


End  View  op  Stopes 
Boston  Mine. 


discarded  for  stopes  and  pillars,  although  very  little  mining  is  done  by 
this  method  because  the  ore  will  be  handled  by  steam  shovels.  The 
Boston  Consolidated  mine,  now  called  the  Boston  mine  of  the  Utah 
Copper  Co.,  was  originally  laid  out  into  stopes  and  pillars.  Fig.  9  illus- 
trates the  method.^  Above  the  main  haulageway  there  is  a  30-ft.  pillar 
of  ore  to  protect  it.  Above  this  the  deposit  is  divided  into  a  series  of 
vertical  stopes  30  ft.  wide  and  150  ft.  high  alternating  with  vertical 
pillars  of  the  same  dimensions.     Above  these  comes  another  and  similar 


'Figure  taken  from  article  by  C.  T.  Rice  in  Mines  and  Methods,  September, 
1910,  and  copied  in  Mining  Without  Timber,  p.  172. 
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series  of  stopes  and  pillars,  but  the  pillars  in  the  upper  series  come  im- 
mediately above  the  stopes  in  the  series  below.  The  plan  was  to  work 
all  the  stopes  on  both  levels  as  shrinkage  stopes.  When  the  stopes  were 
all  completed  drawing  would  commence  from  the  bottom  of  the  lower 
stopes.  The  upper  pillars  being  over  stopes  below  would  settle  and 
crumble  so  that  they  would  pass  down  with  the  ore  from  the  upper 
stopes  when  the  lower  pillars  were  weakened  by  blasting.  It  will  be 
noted  that  in  this  method  the  capping  must  cave  and  follow  down  on  top 
of  the  broken  ore.  Just  what  alterations  in  the  plan  of  working  would 
have  been  necessary  if  the  method  had  remained  in  use  it  is  difficult  to 
state.  The  stopes  are  still  being  worked  but  only  the  excess  ore  is  drawn 
off;  the  remaining  ore  is  left  to  be  mined  by  steam  shovels  after  the  cap- 
ping is  removed.  The  width  of  stopes  has  been  reduced  from  30  to  18 
ft.,  and  the  pillars  increased  to  42  ft. 

Ray  Consolidated  Mine/ 

The  Ray  Consolidated  Copper  Co.  at  Ray,  Ariz.,  is  controlled  by  the 
same  interests  as  the  Utah  Copper  Co.  and  when  their  system  of  mining 
was  laid  out  they  no  doubt  profited  by  the  earlier  experience  at  Bingham. 
The  orebody  is  flat  and  averages  a  little  more  than  100  ft.  thick.  The 
main  haulageways  are  at  the  bottom  of  the  ore  and  above  them  the  ore  is 
divided  into  vertical  stopes  15  ft.  wide  leaving  10-ft.  pillars  between 
as  shown  in  Fig.  10'.  The  stopes  are  worked  as  shrinkage  stopes  to  the 
top  of  the  orebody,  then  the  bottoms  of  the  pillars  are  blasted  and  drawing 
is  commenced  from  under  both  stopes  and  pillars.  The  pillars,  being 
undercut,  settle  and  break  up  as  the  ore  is  drawn.  By  taking  care  to 
draw  equally  from  all  the  chutes  under  a  block  of  ground  the  capping 
will  cave  and  follow  down  uniformly  on  top  of  the  ore  and  there  will  be 
httle  mixing  of  the  two.  The  Ray  system,  from  all  reports,  has  been 
eminently  successful.  Stopes  15  ft.  in  width  are  wide  enough  so  that  a 
large  tonnage  will  break  compared  to  the  footage  drilled,  and  all  the 
advantage  is  had  of  the  shrinkage  method  of  stoping.  After  the  ore  in 
the  stopes  U  broken,  the  pillars,  which  contain  more  than  one-third  of 
the  total  ore,  are  available  for  extraction  with  only  a  slight  expense  for 
drilling  and  blasting.  The  cost  of  mining  for  the  last  quarter  for  which 
reports  have  been  published  was  71c.  a  ton.  This  includes  a  proportion 
of  all  general  and  fixed  charges,  but  does  not  include  an  allowance  of 
12Jc.  a  ton  for  the  retirement  of  mine-development  suspense  account. 

Miami  Mine 

The  orebody  of  the  Miami  Copper  Co.  is  much  deeper  than  that  at 
Ray.    In  horizontal  cross-section  it  is  roughly  circular,  about  1,000  ft. 

'  Abstract  of  article  by  L.  A.  Blackner,  Mining  and  Scientific  Press ,  Jan.  3,  1914. 
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across.  A  tongue  of  waste  rock  intrudes  into  the  ore  from  one  side.  The 
irregularities  in  the  orebody  under  the  capping  are  first  worked  by  square- 
set  stopes  and  timber  is  placed  to  form  a  mat  between  ore  and  waste. 
Through  the  main  body  of  ore  sublevels  are  spaced  25  ft.  apart  vertically 
as  shown  in  Fig.  11*  and  on  these  sublevels  drifts  and  cross-drifts  are 
driven  each  way  50  ft.  apart.  The  main  body  of  the  ore  is  to  be  mined 
with  shrinkage  stopes  and  pillars  similar  to  the  Ray  method  except  that 


Fig.  11. — Cross-Section  of  Stope,  Miami  Mine. 


at  Miami  the  stopes  were  planned  to  be  60  ft.  wide  and  the  pillars  40  ft. 
In  working  the  stopes  the  miners  do  not  work  on  top  of  the  broken  ore 
but  approach  the  stopes  through  the  drifts  on  the  sublevels  and  break 
the  ore  into  the  stopes  by  the  method  of  sublevel  stoping  previously 
described.  The  ore  breaks  readily  into  small  pieces  and  obviously  a 
60-ft.  shrinkage  stope  would  be  very  dangerous  if  worked  in  the  usual 
way,  but  by  the  sublevel  method  the  danger  is  eliminated.  Even  under 
these  conditions  the  last  report  states  that  it  has  been  found  advisable 
to  make  the  stopes  narrower.  After  the  shrinkage  stopes  are  carried 
up  to  the  mat,  which  is  next  to  the  capping,  the  pillars  are  worked  from 
the  top  down  by  top  slicing.  As  this  is  done  the  ore  from  the  stopes  is 
drawn  and  a  uniform  settlement  of  the  capping  results. 

The  cost  of  mining  at  Miami  has  been  about  $1.20  a  ton.    Last  year 
a  premature  crushing  of  square  sets  under  the  capping  started  a  cave 

*R.  L.  Herrick  in  Mines  and  MineraU,  July,    1910;  Mining   Without   Timber, 
p.  167. 
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which  extended  through  into  the  8top>es  below.  The  repair  of  this  damage 
caused  an  increase  in  the  cost  for  1913.  The  Miami  orebody  is  of  hightr 
grade  than  that  at  Ray  and  the  Miami  method  will  save  a  greater  per- 
centage of  clean  ore.  The  cost  per  ton  is  greater  and  there  is  a  question 
as  to  how  much  the  cost  can  be  reduced  in  the  future.  To  date,  a  lai^e 
amount  of  ore  has  been  taken  from  the  square-set  stopes,  an  expensive 
operation,  but,  on  the  other  hand,  in  the  future  there  will  be  an  increased 
amount  of  ore  to  be  mined  from  the  pillars,  which  is  also  expensive.  It 
would  be  interesting  to  know  how  much  of  the  diflference  in  cost  between 
the  methods  at  Ray  and  Miami  is  due  to  the  difference  in  cost  of  labor. 
At  Miami  the  miners  receive  $3.50  a  day  and  up.  At  Ray  mostly  Mexi- 
cans are  employed  and  the}^  are  paid,  I  believe,  about  $2.50  a  day  and  up. 

Inspiration  Mine  ' 

The  Inspiration  mine,  adjoining  the  Miami,  has  not  yet  begun  to 
produce  on  a  large  scale,  but  it  has  been  developed,  in  part  at  least,  with 
the  idea  of  using  block  caving.  The  method  was  described  by  Claude 
T.  Rice  in  Mines  and  Methods,  June,  1909,  and  is  similar  to  the  block 
caving  illustrated  earlier  in  this  paper.  The  individual  blocks  were  to 
be  75  by  200  by  200  ft.  high  and  were  to  be  isolated  by  stopes  on  the  sides 
and  breast  stopes  between  ore  and  capping.  The  pillars  under  the  blocks 
instead  of  being  as  shown  in  Fig.  7  were  to  be  very  narrow,  75  ft.  long  and 
75  ft.  high.  Between  the  pillars  narrow  shrinkage  stopes  filled  with  ore 
would  prevent  the  pillars  from  early  crushing.  This  method,  I  believe, 
has  never  been  given  a  trial  and  now  is  to  be  replaced  by  the  method  of 
block  caving  which  has  been  so  eminently  successful  at  the  Ohio  Copper 
mine  at  Bingham.  This  method  is  worthy  of  a  fuller  description.  The 
following  is  abstracted  from  a  description  of  the  method  by  Clarence 
G.  Bamberger  in  the  Engineering  and  Mining  Journal  of  Apr.  6,  1912. 

Ohio  Copper  Mine 

"In  risumi  the  conditions  are:  An  orebody  opened  400  ft.  in  width,  450  ft.  in 
length,  1,300  ft.  in  depth,  dipping  from  the  horizontal  at  an  angle  of  50^.  The  entire 
mass  being  a  broken  shattered  quartzite  containing  copper,  chiefly  in  the  form  of 
chalcopyrite  disseminated  throughout,  inclosed  by  foot  and  hanging  wall  of  the  same 
formation  with  boundaries  not  clearly  defined. 

"The  preparation  of  this  ground  for  a  caving  system  of  mining  has  been  carried 
out  as  shown  in  Fig.  12.  An  incline  shaft  was  sunk  in  the  foot  wall  on  the  dip  of  the 
vein  connecting  with  the  different  levels  for  the  transportation  of  men  and  supplies. 
Two  main  ore  chutes  No.  1  and  No.  2  were  driven  in  the  foot  wall  on  an  angle  slightly 

greater  than  the  dip  of  the  vein These  chutes  connect  by  diagonal  raises 

through  the  foot  wall,  with  the  different  levels  where  extraction  is  taking  place  and 
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deliver  into  bins  of  large  capacity  at  the  Mascotte  tunnel  or  main  haulage  adit 

which  in  turn  leads  to  the  concentrator  situated  at  the  portal  about  3  miles  distant. 

"Lateral  main  levels  were  driven  across  the  orebody  at  the  100-,  300-,  400-,  600-. 


S«ftie  of  F66t 


Fig.  12. — Cross-Section,  Ohio  Copper  Mine. 

75Q-,  and  1,000-ft.  or  haulage  level.  By  a  network  of  crosscuts  and  drifts  these  different 
levels  have  been  cut  up  into  blocks  200  ft.  square  which  in  mining  will  again  be  sub- 
divided.   Between  the  several  levels  the  ground  has  been  blocked  out  into  sublevels 


Bublotcl  C 
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Fig.  13. — Cross-Secjtion,  Ohio  Copper  Mine. 

30  ft.  apart  and  again  subdivided  by  crosscuts,  drifts  and  raises  into  blocks  approxi- 
mately SO  X  50  X  25  ft. 
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*'The  actual  procedure  of  extraction  can  be  clearly  understood  by  reference  to 
Fig.  13  which  shows  in  detail  the  sublevels  above  mentioned.  Thus  we  have  for 
example  the  four  sublevels.  A,  B,  C,  and  D.  Raises  are  driven  from  the  crosscuts 
and  drifts  on  the  300-ft.  level  through  sublevels  A  and  B.  From  these  vertical  raises 
at  the  various  points  E,  F,  G,  and  H  raises  are  run  into  sublevel  C,  radiating  like 
fingers  from  the  palm  of  the  outstretched  hand.  At  the  breast  of  these  several  raises 
sublevel  D  is  blasted  down,  the  ore  falling  by  these  leads  into  the  cross  inclined  chutes 
connecting  with  the  main  ore  chute,  which  delivers  into  bins  at  the  loading  station 
on  the  haulage-tunnel  level. 

"The  same  procedure  is  carried  out  on  sublevel  B  which  in  turn  is  blasted  down; 
at  the  same  time  sublevel  C  which  has  already  been  cut  up  by  this  finger-Uke  network  of 
raises,  comes  with  it  as  the  solid  ground  below  is  blasted  down.  Thus  each  alternate 
sublevel  is  cut  up  by  the  numerous  raises  and  the  corresponding  sublevel  above  and 
below  is  blasted  down. 

"The  actual  cost  per  ton  for  the  different  phases  of  the  operation  is  shown  in  the 
accompanying  table  which  is  an  average  covering  a  period  of  31  days  in  October, 
1911,  during  which  period  56,311  tons  were  mined.     . 


Typical  Daily  Labor  Report.    Ohio  Copper  Co. 


Description  of  Labor 


Numb^       Rate     Amount 


Superintendent 

Foremen 

Shift  bosses 

Timekeeper 

Sampler 

Mine  engineer 

Hoist  engineer 

Stationary  engineer. . 

Chainman 

Tool  sharpener 

Machine  men 

Machine  men 

Muckers 

Muckers 

Loaders 

Loaders 

Chute  tappers 

Nippers 

Blacksmith 

Blacksmith  helper 

Carpenter 

Carpenter's  helper . . . 

Trackmen 

Trackman's  helper . . . 

Pipeman 

Pipeman's  helper 

Timbermen 

Timbermen's  helpers.. 


1 

$11.66 

$11.66 

2 

5.33 

10.66 

3 

4.00 

12.00 

1 

3.00 

3.00 

1 

3.00 

3.00 

1 

5.00 

6.00 

2 

3.26 

6.60 

2 

3.50 

7.00 

1 

3.50 

3.50 

2 

3.60 

7.00 

21 

3.26 

68.26 

8 

3.00 

24.00 

23 

2.60 

57.50 

10 

2.76 

27.50 

2 

3.25 

6.60 

3 

3.00 

9.00 

3 

3.00 

9.00 

2 

2.50 

5.00 

4.26 

4.25 

3.25 

3.25 

4.00 

4.00 

3.25 

3.25 

3.00 

3.00 

2.50 

2.50 

3.25 

3.26 

2.76 

2.75 

3.25 

22.76 

2.75 

19.26 

Total. 


110 


$344.32 
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Total  labor  charge  for  Oct.,  1911 $11,582.78 

Total  stores  consumed  for  period » 3,743 .82 

Total  power  consumed  for  period 476 .  00 

Total  operating  expense  for  period $15,802 .60 

Total  development  and  equipment  for  period 3,429 .  00 

Total  actual  operating  expense  for  period $12,373 .60 

Average  number  of  feet  driven  per  day 31 

Average  nimiber  of  feet  raised  per  day 42 

Average  tons  mined  per  day 1,817 

Total  number  of  feet  driven  for  period 961 

Total  number  of  feet  raised  for  period 1,302 

Total  tonnage  mined  for  period 56,311 

All  calculations  based  on  net  weight. 

"From  the  above  data  several  interesting  conclusions  can  be  drawn.  Considering 
the  whole  working  force  of  110  men  as  producing  the  ore,  approximately  17  tons  of 
ore  are  delivered  to  bins  per  day  per  man.  Considering,  however,  only  the  men  who 
are  actually  breaking  the  ore,  approximately  63  tons  of  ore  are  delivered  to  bins  per 
day  per  man.  From  the  "total  operating  expense  for  period''  and  *' total  tonnage 
mined  for  period,"  the  cost  per  ton  delivered  to  bins  is  shown  to  be  28.06c.,  which 
figure  includes  development  and  equipment  charges.  From  ''total  actual  operating 
expense"  and  "total  tonnage  mined  for  period,"  the  actual  cost  per  ton  for  mining 
delivered  to  bins  is  shown  to  be  21.97c." 

This  method  of  mining  is  similar  to  the  ideal  case  of  block  caving 
aheady  described,  only  instead  of  having  to  shovel  the  ore  after  it  is 
caved  a  large  number  of  branching  raises  are  brought  up  from  underneath 
and  the  ore  runs  into  these  and  on  down  to  bins  at  the  bottom  of  the  mine 
without  any  handling.  The  raises  contain  chutes  and  the  ore  is  drawn 
evenly  from  a  large  area  so  that  the  capping  will  follow  down  without 
mixing  too  much  with  the  ore.  While  considerable  ore  is  lost  the  cheap- 
ness of  the  method  is  remarkable.  I  have  in  my  possession  the  figures 
for  April,  1913,  almost  two  years  after  the  above  figures  were  taken,  and 
the  cost  of  mining  including  development  and*  equipment  is  reduced 
from  28.1c.  to  22.2c. 

Development 

The  extensive  development  necessary  for  the  successful  operation 
of  some  methods  of  mining  naturally  brings  to  mind  the  question  of  what 
this  work  costs.  In  the  appendix,  I  have  placed  a  collection  of  figures 
on  the  cost  of  development  as  published  in  the  reports  of  mining  companies 
Easily  driven  drifts  and  crosscuts  will  cost  $3.50  to  $4.50  a  foot.  Aver- 
age-sized drifts  in  hard  rock  with  a  small  amount  of  timbering  cost  $6 
to  $7  and  imder  imfavorable  conditions  the  cost  will  be  $10  or  more  a  foot. 
In  a  6  by  7  ft.  drift  costing  $6.50  a  foot  the  labor  for  drilling  and  blast- 
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ing  will  be  about  $2.15,  labor  for  shoveling  and  tramming  about  $1.20,  air 
about  30c.  a  foot,  explosives  about  $1.25,  and  miscellaneous  60c.  a  foot. 
Raises  are  as  a  rule  less  expensive  than  drifts  and,  in  very  favorable 
ground,  can  be  driven  for  $1.50  to  $2.50  a  foot.  The  average  4  by  5  ft. 
raise  in  hard  rock  will  cost  $4  to  $5  and  raises  difficult  to  drive  or  re- 
quiring close  timbering  will  cost  $8  a  foot  and  up.  Winzes  are  not  driven 
often  but  when  they  are  they  cost  from  $10  a  foot  up. 

Space  permits  of  a  consideration  of  only  a  few  methods  from  the 
point  of  view  of  development.  At  Kalgoorlie  (J.  Cheffirs,  Transactions 
Australian  InstitiUe  of  Mining  Engineers,  vol.  xiii)  in  a  block  of  ore  500  ft. 
long  and  200  ft.  high  (the  distance  between  levels),  rill  stoping  required 
four  raises  and  shrinkage  stoping  required  one;  800  ft.  of  raises  cost  about 
$5  a  foot  or  $4,000.  If  we  assume  the  vein  to  average  8  ft.  wide  a  block 
of  ore  would  contain  about  60,000  tons,  which  means  a  cost  for  develop- 
ment of  almost  7c.  a  ton.  With  shrinkage  stoping  this  cost  would  be  less 
than  2c.  a  ton.  Of  these  methods  touched  upon  in  the  preceding  pages 
the  Miami  mine  has  the  greatest  footage  of  development  work.  The 
scheme  of  development  allows  a  good  many  different  methods  of  mining  to 
be  used  without  any  changes;  it  also  permits  a  large  tonnage  to  be  pro- 
duced from  a  limited  area.  A  block  of  ore  50  by  50  by  50  ft.  contains 
approximately  50  ft.  of  raise  and  200  ft.  of  drifts  and  crosscuts.  Estimat- 
ing raises  at  $3  a  foot  and  drifts  at  $5  a  foot  gives  a  total  of  $1,150  for  the 
block.  It  contains  about  10,000  tons  of  ore,  which  would  make  1 1  Jc.  a  ton 
as  the  cost  for  development;  this  excludes  the  cost  of  shafts,  stations,  and 
similar  requirements. 

At  Ray  12ic.  a  ton  is  allowed  for  the  retirement  of  mine-development 
suspense  account  but  just  what  this  covers  is  not  stated.  It  evidently 
covers  more  than  development  for  stoping. 

The  method  used  at  the  Ohio  Copper  mine  requires  considerable 
development  of  which  a  large  percentage  is  raising.  Due  to  the  fact 
that  many  of  these  raises  were  inclined,  so  that  a  miner  could  work  at  the 
face  without  using  timber,  and  that  all  the  ore,  after  being  blasted,  runs 
by  gravity  to  the  bins,  the  cost  of  the  raises  was  only  at  the  rate  of  50 
or  60c  for  each  ton  of  ore  mined  in  driving  them. 


Appendix 
Mininy  Costs 

Moniana-Tonopah  Mine.     (Mining  and  Scientific  Press,  Mar.  22,  1913) 

Silicified  and  mineralized  veins  in  altered  andesite,  3  to  5  ft.  wide,  steeply  pitching. 
Sometimes  thrown  over  by  faults  through  the  stopes.    Overhand  stoping. 
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Year  ended  Aug.  31,  1912;  53,874  tons  mined. 

Labor:  Supplies: 

Ore  breaking $0,679        Water $0,005 

Mine  machines 0.031         Ore  breaking 0.292 

Hoisting  and  dumping 0. 197        Ck)mpre8sed  air 0.  Ill 

Boilers 0. 034        Hoisting  and  dumping 0 .059 

Shoveling  and  sorting 0.675         Hoisting  (elec.  power) 0. 129 

Tramming 0.224        Timbering 0. 197 

Timbering 0.209  

Tool  sharpening 0.026  Total  supplies $0,793 

Surveying 0.028  

Foreman  and  bosses 0.078  Total  mine  cost $2,975 

Sampling 0.016 

Storekeeper 0.011 

Assaying 0.016 

Watchman 0.011 

Superintendence 0.046 

Maintenance  and  repairs 0.001 


Total  labor $2,182 


Tonopah'Belmont.     {Engineering  and  Mining  Journal,  May  11,  1912) 

Year  ended  Feb.  29, 1912;  182,000  tons  dry  ore  and  waste;  152,550  tons  dry  crude; 
115,560  tons  dry,  sorted. 

Fracture  zones  in  andesite  and  rhyolite-dacite,  filled  with  quartz.  Overhand 
stoping. 

Per  Ton 
Dry, 
Development:  Sorted,  Cents 

Miners 47.4 

Muckers  and  trammers 22 . 2 

Timbermen  and  helpers 8.4 

78.0 

Stoping: 

Miners 44 . 5 

Shovelers 33.9 

Trammers 19.2 

Timbermen  and  helpers 97 . 8 

Filling 4.2 

Piston-drill  repairs  and  maintenance 5.0 

Stoping-drill  repairs  and  maintenance 2.9 

Steel  and  sharpening 7.1 

Explosives 28 . 6 

Hoisting  to  surface 30 . 9 

Auxiliary  hoisting 9.4 

Ore  sorting  and  loading 27.3 
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Sampling  and  assaying 4.7 

Surveying 5.6 

Supt.  and  shift  bosses 13 . 7 

Mine  office 12.9 

Surface  and  plant 16 . 2 

Lighting 4.6 

Heating 4,1 

Drayage 6.1 

Maintenance  and  repairs  to  buildings 2.5 

Maintenance  and  repairs  to  machines  and  machine  tools 2.3 

Maintenance  and  repairs  to  pipe  lines  and  tanks 1.6 

Maintenance  and  repairs  to  railroad  spurs 0.8 

Maintenance  and  repairs  to  pole  lines 0.2 

Pumping 6.2 

Ventilation 1.7 


394.0 


$3.94 
0.78 

$4.72 

Administration,  taxes,  safety,  and  depreciation 0.719 


Grand  total $5,439 


West  End,  Tonopah.     {Mining  and  Scientific  Press,  Aug.  16,  1913) 

Superintendent  and  foreman $0. 135 

Breaking 0.802 

Timbering 0.090 

Tramming 0.372 

Hoist,  etc 0  200 

Ore  loading 0.233 

Ore  sorting 0.366 

Assaying,  sampling,  surveying 0.091 

Surface,  ore  dump,  drayage 0. 195 

Development 0.862 

General  expense 0 .  554 

Miscellaneous 0.262 

Total $4 . 1 62 
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Bunker  HiU  and  SiMivan,    {Engineering  and  Mining  Journal,  June  14, 

1913) 

Large  replacement  deposits  of  sulphide  ores  in  quartadte.    Overhand  stoping  with 
stulls  or  square  sets. 

Labor  Supplies 

Superintendents,  blacksmiths,  and  supply  men. . $0. 177  

Timbering 0.086  $0,215 

Miners 0.367  

Carmen 0.062  

Shovelers 0.366  

Power 0.027  0.045 

Repairs 0.026  

Explosives 0.075 

niuminant^ 0.020 

Lubricants 0.003 

Iron  and  steel 0.012 

Miscellaneous  supplies 0.035 

Wood 0.034 

Stable 0.001 


Total $1,101        $0,440 

Grand  total  $1,541 

Stewart  Mining  Co.,  Ccrnr  d^AUne.    (Mining  and  Scientific  Press,  Apr. 

26,  1913) 

Cost  of  mining  and  development $2 .  15 

Ferreria  Mine,  Rand,  SoiUh  Africa.     (Mines  and  Minerals,  March,  1911) 
Overhand  rill  stoping,  shrinkage. 

Tons  for  each  machine  shift 10.48 

Pounds  of  explosives  per  ton,  57,  cost 16c. 

Total  cost  of  stoping,  77o.,  plus  25c.  for  timbering, $1 .02 

Stoping  on  contract,  per  ton 55o. 

Brakpan  Mine,  Johanne^rg.    (Mining  and  Scientific  Press,  May  17, 

1913) 

Presumably  underhand  stoping. 

Mining: 

Stoping .-. $1.11 

Timbering  and  packing 0. 24 

Shoveling  and  tramming  mine  and  dump 0.66 

Transport,  underground 0. 11 

Transport,  surface 0.01 

Hoisting 0.20 

Pumping 0. 16 

Other  charges 0. 17 

Development 0.36 


Total $3 .  02 
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Rand  Mining  Costs,     (E.  M.  Weston:  Engineering  and  Mining  Journal, 

Feb.  8,  1913) 

Presumably  all  underhand  sloping. 

New  Kleinfontein  Mine. — With  hand  drilling  each  native  breaks  1.2  tons  a  shift 
at  a  cost  of  SI. 03.  Of  this  amount  the  white  labor  cost  $0.16,  the  native  labor  nearly 
three  times  as  much,  while  food,  etc.,  for  the  latter  costs  22c.  to  24c.  per  ton.  Owing 
to  easy  nature  of  ground,  explosives  cost  only  a  little  over  14c.  a  ton.  The  average 
footage  drilled  per  native  each  shift  is  40  in.  and  the  stoping  width  4 J  ft. 

At  the  same  mine  large  machines  broke  10  tons  a  shift  in  a  70-in.  stope  at  a  cost  of 
97c.  a  ton  broken;  of  this  97c.,  white  drillers  cost  23c.,  natives  Hi  c,  while  their  food, 
etc.,  cost  30c.     Explosives  cost  21c.  a  ton. 

One  of  the  Deep-Level  Mines. — Hammer  boys  drilled  33  in.  per  shift  and  broke 
i  ton  in  a  44-in.  vein  at  a  cost  of  S2.73  a  ton.  Explosives  cost  30.3c.  a  ton.  Large 
machines  broke  7.2  tons  a  shift  in  a  55-in.  vein  at  a  cost  of  SI. 87  a  ton.  Explosives 
cost  36.3c.  a  ton.  Small  machines  broke  3.7  tons  in  a  4-ft.  vein  at  a  cost  of  S2.43  a 
ton.     Explosives  cost  40.5c.  a  ton. 

One  of  the  Large  Outcrop  Mines  of  the  Central  Rand. — Each  native  drilled  48  in. 
and  broke  1.6  tons  a  shift  in  a  63-in.  vein  at  a  cost  of  SI .22  a  ton.  Of  this  explosives 
cost  18.2c.  Large  machines  broke  19.5  tons  a  shift  in  an  83-in.  vein  at  a  cost  of  77c. 
Of  this,  explosives  cost  20.2c. 

The  above  costs  are  for  stoping  only.  The  total  mining  costs  ran  from  S2.25  to 
S5  a  ton. 

Portland  Gold  Mining  Co.,  Cripple  Creek,  Colo. 

Overhand  stoping  with  stulls  and  square  sets. 

Per  Ton  Broken 

IVamming SO .  17 

Hoisting 0. 10 

Sorting 0 .  14  equal  to  30c.  per  ton  of  ore 

through  ore  house. 
Assaying,  engineering,  superintendence,  and  general   0 .  30 
Stoping 1 .63 

Total S2.43 

About  44  per  cent,  of  total  ore  broken  is  trammed;  29  per  cent,  of  ore  trammed  is 
sorted,  equal  to  12.7  per  cent,  of  total. 

The  costs  for  the  year  1906  at  the  Portland  mine  as  given  in  Ore  Mining  Methods, 
by  W.  R.  Crane,  were  as  follows: 

Cost  per  Ton 

Labor S 1 .  142 

Machines 0. 270 

Tramming 0.029 

Explosives 0.380 

Hoisting 0.230 

Supplies 0.036 

Superintendence,  assaying,  etc 0. 450 

Total S2 .  537 
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The  labor  cost  was  subdivided  as  follows: 

Machine  men $0.4761 

Trammers 0.3214 

Pipeand  track  men 0 . 0357 

Timbermen 0. 1666 

Timber  helpers 0. 1428 

Total $1 .  142 

Temiskaming  Mining  Co,,  Cobalt y  Canada,     (Engineering  and  Mining 
Journal,  May  25,  1912) 

Narrow  veins  in  schist.    Overhand  stoping. 

Mining  and  timbering  $1.85,  of  which  labor  was  66.5  per  cent,  and  power  13.5 
per  cent.  Dynamite  cost  33.7c.  a  ton,  fuse  2.6c.,  candles  3c.,  drill  repairs  21c., 
steel  14.7c. 

HaUinger  Mine,  Porcupine,   Canada.     {Mining  and  Scientific  Press, 

May  3,  1913) 

Country  rock,  fine-grained  compact  schist.  Veins  2  to  6  ft.  wide,  containing 
quarts  in  stringers  and  bunches.    Overhand  stoping. 

Genera]  and  superintendence $0. 179 

Diamond  drilling 0.027 

Stoping  and  driving 1 .  969 

Timbering  stopes 0. 219 

Tramming 0. 551 

Drainage  and  pipes 0.092 

Hoisting 0. 170 

Dumping 0.063 

Drill  steel 0.298 

Assaying,  sampling,  and  surveying 0 .  064 

Change  house  and  lights 0 .013 

Handling  explosives 0.025 

Handling  waste 0 .016 


$3,686 

In  the  Kalgoorlie  district,  Western  Australia  the  ore  occurs  in  strong  veins  in 
qiiartz-dolerite.  The  width  of  the  veins  varies  but  averages  about  12  ft.  The 
stoping  methods  employed  are  overhand  rDl  stoping  with  filling,  flat-back  stoping, 
and  shrinkage  stoping.    The  following  costs  are  of  mines  in  this  district. 

Great  Boulder  Perseverance.    {Engineering  and  Mining  Journal,  May 

26,  1912) 

Average  stoping  width  12.94  ft. 

Wages  and  contracts $0. 92 

Explosives 0. 156 

Drill  parts  and  air  lines 0 .  0434 

Candles 0.0182 

Air  for  drilling 0. 1056 

Not  specified 0.4682 

TotalT»6t $1.71 
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Ivanhoe  Mine.    (Mining  and  Scientific  Press,  May  24,  1913) 

Ore  breaking $1.38 

Filling  stopes 0.27 

Tramming  and  hoisting 0.68 

Development 0.52 


Kalgurli  Mine.    (Mining  and  Scientifi^^  Press,  Mar.  8,  1913) 

Labor: 

Superintendence $0.04 

Breaking  ore 0.66 

Timbering  stopes  and  chutes 0.04 

Loading' and  tramming 0.42 

Filling  stopes 0.16 

Tool  sharpening,  etc 0.05 

Sundries 0.02 

Total  labor $1.39 

Stores: 

Tools,  steel,  drill  renewals $0.03 

Candles 0.02 

Explosives 0. 18 

Timber 0.04 

Assays 0.01 

Sundries 0.01 

Total  stores ". 0.29 

Hoisting,  machine  drills 0 .24 

Grand  total $1.92 


Oriental  Consolidated,  Unsan,  Korea.     (Mining  and  Scientific  Press,  Apr. 

30,  1910) 

Mining  timbers $0,254        Picks,  shovels,  hammers $0,009 

Firewood 0. 133  Miscellaneous  (rope,  pipe,  cars. 

Lumber 0.105            etc.) 0.046 

Dynamite 0.097                                                             

Candles 0.094                Total  supplies $0,823 

Fuse 0.094        Assays 0.006 

Detonators 0.011        White  labor 0. 117 

Charcoal 0.013        Korean  labor 0.612 

Lubricants 0.010  Outside  expense,  shops,  stables. 

Drill  steel 0.011            etc 0.030 

Bar,  sheet,  track  iron 0.010 


Total $1,590 
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Consolidated  Mercur  Odd  Mining   Co.,  Mercur,   Utah.    (Mining   and 
Scientific  Press,  Sept.  25,  1909) 

Fifteen  to  70  ft.  vein  of  soft  ore  in  hard  cherty  limestone.     Dip  10®  to  30**.     Sub- 
level  caving,  with  sublevels  14  ft.  apart. 
Total  cost  of  mining  $1 .  53. 

Alaska  Treadweli 

From  the  costs  of  1912: 

Machine  drillers $0. 143  Iron  and  steel 0.003 

Laborers,  powdermen,  etc 0. 128  Lumber  and  timber 0.003 

Foremen 0.009  Compressed  air 0.018 

Blacksmiths 0.006  Power 0.007 

Machinists,  carpenters,  timber-  Mechanical  repairs 0.0(^ 

men 0.005  Blacksmith  shop 0.006 

Powder 0 .  146  Miscellaneous 0. 041 

Fuse  and  caps 0.016 

andles 

[achine drill  supplies. . 
Cost  of  stoping  only 


Candles 0.006  Total SO. 544 

MachinedriU  supplies 0.006 


Anaconda  Co.,  BiUte,  Mont. 
Cost  of  mining  by  overhand  stoping  with  square  sets  and  filling  was  S3.77  in  1911. 

Braden  Copper  Mine,  SoiUh  America.     (Mining  and  Scientific  Press,  Dec. 

4,  1909) 

Ore  breaking  including  superintendence  and  general  charges  was  41c.  Machine 
drilling  with  2i-in.  drill  was  at  the  rate  of  31  ft.  per  man-day  at  a  cost  of  2.025c.  a 
foot.     Hand  drilling  was  done  at  the  rate  of  13.8  ft.  per  man-day  at  a  cost  of  8.2c. 


Cost  of  Development 

Bunker   HiU  and  SvUivan.   Coeur  d^ Aline.     (Engineering  and  Mining 

Journal,  June  14,  1913) 

11,050  ft.  of  vertical  and  horicontal  development: 

Per  Foot  Per  Cent. 

Foremen,  blacksmiths,  etc $0,312  4.4 

Miners 2.500  35.0 

Shovelers 1 .650  23. 1 

Explosives 0.990  13.8 

Timber  and  lagging 0.400  6.6 

Power,  labor  and  supplies 0.524  7.33 

Not  specified 0.774  10.8 

Total 17 .  15  100 . 0 
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PorUand  Gold  Mining  Co.,  Cripple  Creek,  Col. 

Cost  of  drifts  or  levels,  16.12;  crosscuts,  16.23;  winzes  and  raises,  $8.60.  In  the 
Co8t  of  Mining  by  Finlay,  p.  380,  the  cost  of  896  ft.  of  5  by  7  ft.  drifts  is  given  as 
follows : 

Per  Foot 

Tramming $1 .00 

Pipe  and  trackmen 0. 14 

Machine  men 1 .88 

Total  labor $3.02 

Other  costs: 

Use  of  machines,  air,  etc $0.97 

Repairs,  cars,  etc 0.08 

Explosives 1 .43 

Hoisting ^ 0.46 

General  expense,  surveying,  assaying,  bosses 0.58 

Grand  total $6.20 

Montana-Tonapah  Mining  Co.    (Mining  and  Scientific  Press,  Oct.  9, 1909) 

Drifting,  $6.56  a  foot;  crosscuts,  $5.44;  raises,  $4.65;  winzes,  $11.92.  Cost  of 
development  subdivided  as  follows: 

Labor:  Per  Cent. 

Breaking 27. 10 

Timbering ' 4.38 

Hoisting  and  dumping 6.32 

Foremen  and  shift  bosses 1 .  75 

Blacksmith,  sharpening 1 .  75 

Shoveling  and  tramming 22 .  90 

Surveying 1 .35 

Watchman 0.52 

Storekeeper  and  timekeeper 0.35 

Diamond  drill  hole 4.38 

Supplies: 

Breaking 21 .20 

Timbering T 1.23 

Hoisting  and  dumping 2. 86 

Hoisting,  electric  power 3 .56 

At  a  W&Oem  OM  Mine  302  ft.  of  development  work  took  238  miner's  shifts,  122 
shifts  of  muckers  and  trammers,  and  105  machine-drill  shifts.  Es^losives  cost  $1.41 
a  foot  and  air  for  drills  25c.  a  foot  or  75c.  for  each  machine-drill  shift. 

At  the  Standard  Mine,  Bodie,  Cal.,  drifts  cost  $3.07  a  ft.  with  an  average  of  1.3  ft. 
a  shift,  and  raises  cost  the  same.  At  the  Commercial  mine  at  Bingham,  Utah,  in 
1912,  drifts  cost  from  $5.83  to  $8.13  a  ft.,  and  raises  cost  $5.56.  At  the  Nevada  HilU 
mine,  Fairview,  Nev.,  drifts  and  crosscuts  cost  $9.75  a  foot,  raises  ^12.50,  and  winzes 
$30.  At  the  Great  Boulder  Peraeoerance,  Kalgoorlie,  drifts  cost  $12.90  a  foot,  and 
crosscuts  $13.80.  At  the  Braden  Copper  Co.,  South  America,  development  cost 
$3.54  a  foot. 
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At  Cananea  in  hard  quartz  a  4}  by  6}  ft.  drift  took  7.8  lb.  of  powder  for  each  foot, 
and  a  6  by  11  ft.  raise  took  8.3  lb.  At  the  PiOshurff-Silver  Peak  a  4)  by  5  ft.  raise 
took  9  lb.  powder  for  each  foot,  and  at  the  Erie  Consolidated  in  slate  and  quartz  a 
5  by  7  ft.  raise  took  6.65  lb.  In  drifts  driven  by  hand  work  in  medium-hard  ground 
the  cost  was  $4.50  to  $5.50  a  foot  of  which 'the  labor  was  77  to  85  per  cent,  and  explo- 
sives 15  to  23  per  cent.    The  rate  of  advance  was  1  to  1)  ft.  a  shift. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preeented  in  person  at  the 
Salt  Lake  meeting,  August,  1014,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York.  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1, 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Experimental  Leaching  at  Anaconda 

BT  FREDERICK  LAIST  AND  HAROLD  W.  ALDRICH,  ANACONDA,  MONT. 
(Salt  Lake  Meeting.  August,  1914) 

The  object  of  the  construction  and  operation  of  the  80-ton  leaching 
plant  was  to  test  out  the  leaching  of  sand  tailings  on  a  large  scale  and,  if 
possible,  determine  a  definite  method  of  operation,  and  the  best  construc- 
tion for  the  larger  unit  which  is  now  being  built.  It  was  also  of  import- 
ance to  obtain  some  practical  data  as  regards  cost  items.  The  80-ton 
plant  was  not  expected  to  be  a  commercial  success.  A  leaching  process 
on  such  low-grade  material  necessitates  the  treatment  of  a  very  large 
tonnage.  Such  a  cost  item  as  labor,  for  instance,  is  entirely  out  of  pro- 
portion in  such  a  small  plant.  The  amounts  of  acid,  salt,  scrap  iron,  and 
fuel  for  roasting,  however,  are  the  same  per  ton  in  an  80-ton  plant  as  in  a 
2,000-ton  plant.  These  costs  were  definitely  established.  Also  the  per- 
centages of  extraction  and  grade  of  tailings  were  definitely  determined  for 
a  large-sized  unit. 

Following  will  be  found  the  description  of  the  plant,  the 'method  of 
operation  and  the  results  obtained.  A  general  view  of  the  plant  is 
given  in  Fig.  1. 

The  bins  consisted  of  one  coal  bin  with  a  capacity  of  30  tons,  one  salt 
bin  with  a  capacity  of  20  tons,  and  a  "mill  tailings"  or  feed  bin  which 
held  70  tons.  The  coal  and  salt  bins  were  placed  with  their  floor  level 
even  with  the  firing  floor  of  the  roasting  furnace.  The  feed  bin,  to  give  it 
greater  capacity,  discharged  about  12  ft.  below  this  point,  to  a  12-in. 
conveyor  belt,  which,  in  turn  discharged  into  a  pug  mill.  This  fed  another 
conveyor  belt,  which  discharged  into  the  top  hearth  of  the  furnace. 

The  furnace  was  an  ordinary  six-hearth  MacDougall  roaster,  20-ft. 
in  diameter.  It  was  equipped  with  two  fire  boxes,  on  opposite  sides, 
the  flames  entering  on  the  third  hearth.  An  induced  draft  was  obtained 
with  a  Buffalo  blower,  worked  as  an  exhaust  fan.  Just  above  the  top 
hearth  was  an  annular  flue  around  the  whole  circumference  of  the  fur- 
nace. Slots  at  intervals  of  about  18  in.  led  from  this  flue  down  into  the 
top  hearth.  The  slots  were  2  in.  wide  by  6  in.  long.  This  annular  flue 
proved  rather  unsatisfactory,  as  it  tended  to  fill  up  with  flue  dust  and 
choke  the  slots,  thus  cutting  down  the  draft.    The  volume  of  gas  through 
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the  furnace  was  3,500,000  to  4,000,00  cu.  ft.  per  24  hr.  at  standard  con- 
ditions of  temperature  and  pressure.  The  temperature  of  the  outgoing 
gases  was  about  180°  C. 

The  furnace  was  air  cooled,  15-lb.  air  entering  the  shaft  through  a 
2J-in.  pipe.  The  pressure  in  the  arms  themselves  was  2^  lb.  per  square 
inch;  850,000  cu.  ft.  of  cooling  air  at  standard  conditions  of  temperature 
and  pressure  was  'used  for  this  purpose.  This,  we  believe,  was  a  great 
deal  more  than  was  necessary,  but  we  did  not  want  to  take  any  chances 
on  losing  any  furnace  arms,  before  the  experimenting  was  finished. 

There  were  four  drop  holes  in  the  wall  between  the  second  and  third 
floors,  and  six  between  the  fourth  and  fifth  floors.  Four  holes  seem  to  be 
ample.  The  discharge  from  the  furnace  to  the  cooler,  was  an  8-in.  pipe 
at  the  outer  edge  of  the  bottom  hearth.     A  nearly  dust-tight  chute  led 


Fig.  1. — View  op  80-ton  Leaching  Plant. 

into  the  cooler.  All  dust  made  in  the  cooler  was,  therefore,  drawn  back 
into  the  furnace. 

The  cooler,  shown  in  Fig.  2,  was  a  rotating  drum,  built  of  J -in. 
boiler  plate,  19  ft.  long  and  2  ft.  in  diameter.  It  had  a  slope  of  J-in. 
to  the  foot,  and  made  10  rev.  per  minute.  At  the  lower  end,  cold  water 
entered  an  annular  chamber  through  a  stuflBng  box,  and  from  this  chamber 
26  iron  pipes  1-in.  in  diameter  carried  the  water  to  the  upper  end 
and  discharged  into  a  circular  launder  18  in.  from  the  end,  and  on  the 
outside  of  the  drum. 

The  calcine  entered  the  cooler  at  260°  to  370°  C,  depending  on  the 
amount  of  sulphur  in  the  feed,  and  was  discharged  at  about  45°  C. 
The  rat€  of  feed,  of  course,  also  affected  the  temperature  of  the  dis- 
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charged  calcine.  At  80  tons  of  an  average  feed,  the  cooling  water  requir- 
ed to  cool  the  calcine  to  45°  C.  was  25,710  gal.  per  24  hr.  To  cool  the 
same  to  37.5°  C.  required  34,666  gal.  per  24  hr.  The  cooler  discharged 
into  a  6-in.  screw  conveyor,  into  which  a  water  spray,  to  settle  the  dust, 
was  turned.  The  screw  conveyor  discharged  to  a  series  of  belt  convey- 
ors, which  carried  the  moistened  calcine  to  the  hoppers  of  the  distribut- 
ing launder  above  the  tanks. 

The  distributing  launder  extended  from  the  center  to  the  circum- 
ference of  the  tank,  where  it  was  supported  by  a  small  fiber  wheel.     It 
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Fig.  2. — Calcine  Cooler. 


was  driven  from  the  conveyor  belt,  through  a  series  of  bevel  gears. 
The  distributor  was  an  iron  launder  6  in.  wide  by  8  in.  deep,  with  slots 
in  the  bottom  spaced  18  in.  apart.  There  was  a  slide  on  each  slot,  so  that 
any  or  all  of  them  could  be  closed.  A  6-in.  screw  conveyor,  resting  down 
in  the  launder,  moved  the  calcine  from  the  center  of  the  tank,  outward. 

Two  leaching  tanks,  32  ft.  in  diameter  and  12  ft.  deep,  were  placed 
in  line  with  the  furnace.  A  conveyor  belt  ran  over  each  one,  so  that  by 
moving  the  distributor  from  one  tank  to  another,  and  by  means  of  a 
switch  gate,  either  tank  could  be  filled.  The  tanks  were  of  redwood. 
Each  had  five  discharge  gates,  12  in.  in  diameter,  one  in  thepenter.  and 
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one  in  the  center  of  each  quarter  of  the  tank.  Suitable  launders  were 
provided  underneath  the  tanks,  for  carrying  away  the  leached  tailings. 
Each  launder  had  a  stream  of  water  entering  through  a  12-in.  dirty- 
water  main,  from  the  concentrator.  Valves  were  provided,  so  that 
all  the  water  could  be  sent  down  one  launder  if  necessary.  Three-inch 
dirty -water  pipes  also  led  to  the  top  of  the  tanks  to  furnish  water  for 
sluicing  purposes.     This  was  done  with  two  3-in.  rubber  fire-hose  lines. 

The  filter  bottoms  were  made  with  2  by  4  in.  pieces,  spaced  every  1  ft. 
across  the  tank,  and  1-in.  slats  placed  with  1-in.  spaces  across  the  tank 
in  the  other  direction,  and  nailed  to  the  2  by  4  in.  pieces  with  copper 
nails.  Then  the  whole  bottom  was  cut  into  sections  convenient  for 
handling,  when  taking  the  bottom  up.  A  filter  medium  of  two  layers  of 
coarse  cocoa  matting  was  spread  over  this.  The  bottom  of  the  tank 
under  the  filter  had  a  lead  lining,  which  came  up  the  sides  6  in.  Suitable 
drains  for  the  solutions  were  provided  under  the  filter.  Pipes  for  carry- 
ing concentrated  acid  were  provided  for  each  tank,  and  steam  connec- 
tions for  heating  the  solutions,  as  they  went  on. 

Two  10  by  10  ft.  iron  tanks  were  provided  for  holding  the  stock  of 
concentrated  acid.  All  connections  and  fittings  for  concentrated  acid 
were  of  iron.  As  a  safety,  there  was  a  lead  plug  which  fitted  into  the 
discharge  hole  in  the  tank.  This  was  operated  from  the  top  with  an  iron 
rod  connected  to  the  plug.  There  was  a  gauge  on  each  tank,  actuated 
by  an  air-tight  iron  float. 

Two  28  by  10  ft.  lead-lined  redwood  tanks  held  the  stock  solutions  for 
leaching,  and  a  third  tank  the  copper  solution.  A  heavy  lead  steam  coil 
inside  the  tank  was  used  to  heat  the  solutions  to  prevent  freezing  in  very 
cold  weather.  Drains  from  the  tanks  led  to  the  air  lifts,  of  which  there 
were  three,  made  of  5-in.  lead  pipe  and  lifting  about  16  ft.  The  lower 
elbows  were  in  a  16-ft.  pit.  The  air  lifts  used  90-lb.  air,  but  only 
because  all  of  the  available  15-lb.  air  was  used  for  the  furnace  cooling.  A 
very  slight  turn  of  the  valve  gave  suflScient  air.  The  discharge  from  the 
lifts  was  into  a  lead-lined  box  above  the  tops  of  all  the  tanks,  leaching  and 
solution.  The  launder  system  was  such  that  it  was  possible  to  transfer 
solution  from  any  tank  to  any  other  tank  in  the  plant.  A  circulating 
air  lift  was  provided  for  each  leaching  tank.  It  was  not  necessary  to  have 
a  pit  for  these,  however,  as  they  only  had  to  actually  lift  against  a  pres- 
sure of  a  few  inches.  They  were  connected  to  the  bottom  of  the  tank, 
under  the  filter,  and  discharged  into  the  top,  over  the  calcine.  Each 
would  handle  250  gal.  or  more  per  minute.  Under  the  air-lift  dis- 
charge box  was  a  lead-lined  heater  box,  into  which  live  steam  was 
injected  to  heat  the  solutions.  Some  of  the  launders  were  lead  lined  and 
others  were  not.  In  some  places,  the  lead  would  creep  and  split  at  the 
seam.  The  wood  launders  with  no  lining  were  satisfactory  for  the  time 
the  plant  was  in  operation,  about  six  months,  and  are  probably  good  for 
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a  long  time  yet.  We  did  not  try  to  protect  them  with  paint  in  any  way. 
A  28-ft.  Oregon  fir  tank  was  put  up  as  a  spare  acid  tank.  It  was  slow  in 
taking  up,  but  for  an  unlined  tank,  it  did  very  well.  It  had  been  put  up 
and  taken  down  twice  before  this,  so  it  was  not  in  the  best  condition. 
The  iron  hoops  for  4  ft.  from  the  bottom  were  protected  with  lead  strips. 

A  small  9  by  10  ft.  wooden  tank,  with  agitator  equipment,  was  also 
put  up  for  prospective  sponge-iron  precipitation.  It  was  not  lead  lined 
and  gave  no  trouble  from  leaks. 

In  two  of  the  large  lead-lined  solution  tanks  we  added  salt  directly 
to  the  solution.  It  settled  to  the  bottom^  and  in  a  day  or  so  the  tanks 
commenced  to  leak.  After  repairing,  we  discontinued  this  method  of 
adding  salt  and  were  troubled  no  more.  It  seems  that  the  hydrochloric 
acid  liberated  attacked  the  lead  very  materially.  If  a  leak  does  occur 
in  a  lead-lined  tank  the  wood  backing  does  no  good  whatever.  It  is  so 
thoroughly  dried,  of  course,  that  it  has  no  holding  power  for  the  solution. 

To  each  of  the  solution  tanks,  there  was  an  acid  pipe  connection  and  a 
fresh-water  connect" on.  A  IJ-in.  lead  pipe  with  a  bend  of  1  ft.  of  its 
length  at  the  bottom  of  the  tank  furnished  90-lb.  air  for  agitation  and 
mixing.  This  did  not  work  very  well.  The  air  came  to  the  top  of  the 
solution  at  the  point  where  it  entered,  and  did  not  agitate  a  very  large 
proportion  of  the  tank.     We  could  get  no  swirling  effect  at  all. 

The  lead  lining  and  piping  showed  no  appreciable  corrosion  in  the 
six  months  of  operation,  excepting,  as  was  stated  before,  where  a  large 
amount  of  salt  came  in  contact  with  the  lead,  and  where  live  steam 
impinged  on  the  lead  in  the  presence  of  acid  solution.  A  lead  pipe 
carrying  steam  will  not  stand  up  in  our  solutions  when  they  contain  3 
to  4  per  cent,  acid,  but  in  the  solutions  after  precipitation,  which  carried 
1  per  cent,  or  less,  no  corrosion  could  be  observed  in  a  month's  continuous 
running.  The  lead  air  lifts  showed  no  appreciable  wear  at  the  elbows, 
where  the  most  corrosion  would  be  expected.  The  lead  pans  in  the 
bottoms  of  the  leaching  tanks  were  of  no  benefit,  when  the  scheme 
whereby  the  acid  solution  was  sprinkled  on,  instead  of  the  tank  being 
saturated,  was  abandoned.  The  leaching  tanks  leaked  pretty  badly, 
but  this  was  due  to  faulty  construction,  rather  than  to  any  fault  of  the 
wooden  tanks.  In  several  places  it  was  necessary  to  protect  the  hoops 
with  lead  strips.  The  air  lifts  worked  very  satisfactorily,  handling  a 
large  amount  of  solution  very  easily,  except  when  they  started  ''foaming." 
This  was  something  which  we  could  not  account  for  definitely.  At 
times,  the  solution  coining  up  the  air  lift  gave  a  great  deal  of  trouble 
because  of  this  foam.  The  solutions  averaged  about  1.22  sp.  gr.  and  were 
more  or  less  viscous.  Cold  solutions  seemed  to  foam  much  worse  than 
the  warm  ones,  so  it  seems  as  though  the  viscosity  was  what  caused  the 
trouble. 

The  precipitation  launders  were  two  lead-lined  troughs,  side  by  side. 
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each  75  ft.  long,  by  3  ft.  wide  by  2^  ft.  deep.  The  copper  solution  entered 
the  upper  end  of  one  Jaunder  and  returned  in  the  other  to  an  air  lift, 
which  raised  it  into  the  copper-solution  tank.  It  was  circulated  in  this 
way  until  the  copper  content  was  low  enough,  say,  0.06  per  cent.,  to  be 
returned  to  the  leaching  system.  The  precipitating  launders  were 
equipped  with  false  bottoms  4  in.  above  the  floors  to  give  room  for  the 
cement  to  settle  and  leave  all  of  the  iron  free.  A  settling  tank  was 
provided  and,  when  cleaning  up,  the  end  gates  were  removed  and  the 
cement  washed  or  pushed  out  of  the  launders  into  it.  With  fresh,  clean 
iron,  this  equipment  will  precipitate  8  to  10  gal.  per  minute  from  2  per 
cent,  copper  to  0.1  per  cent. 

Owing  to  the  entirely  new  and  experimental  nature  of  this  work,  it 
was  found  necessary  to  make  a  great  many  changes  from  the  procedure 
which  had  been  planned  out  in  advance.  This  was  true  in  the  case  of 
handling  the  material,  the  roasting,  and  the  scheme  of  leaching. 

As  the  plant  was  originally  built,  the  feed  to  the  furnace,  as  well  as 
the  calcine  from  the  furnace  to  the  leaching  tanks,  was  to  be  handled 
in  small  bucket  elevators.  These  gave  a  great  deal  of  trouble.  The 
nature  of  the  material  to  be  handled  showed  very  soon  that  the  elevators 
would  not  do  the  work.  The  feed  has  a  good  deal  of  fine  material,  though 
much  coarser  than  slime,  which  tends  to  pack  and  build  up  as  it  drops 
to  any  surface.  In  the  case  of  the  feed  elevator,  the  buckets  would  fill 
up  and  not  discharge,  and  finally  would  have  to  be  cleaned  out.  We 
endeavored  to  moisten  the  calcine  as  it  came  from  the  furnace,  to  settle 
the  dust,  and  it  acted  much  the  same  way  as  the  feed.  Unless  the  cal- 
cine was  dampened  as  it  came  from  the  furnace,  the  elevator  raised  so 
much  dust  that  it  was  almost  impossible  to  work  in  the  building.  These 
elevators  were  then  discarded  and  belt  conveyors  substituted.  It  was 
necessary  to  put  in  two  belts  to  get  the  feed  to  the  top  of  the  furnace.  A 
pug  mill  was  installed  between  these  two  belts,  to  mix  in  a  certain  per- 
centage of  slime,  which  Was  to  be  roasted  and  leached  with  the  sand. 

As  originally  built  the  furnace  was  designed  for  oxychloride  roasting 
and  salt  was  added  on  the  fourth  floor.  All  the  doors  were  machined 
and  made  air  tight.  There  was  a  combustion  chamber  between  the 
second  and  third  floors.  The  flames  entered  this  chamber  from  the 
fire  boxes  and  then  traveled  down  through  six  holes  8  in.  in  diameter, 
spaced  around  the  floor  of  the  combustion  chamber,  to  the  third  floor, 
and  up  through  the  drop  holes  to  the  second  and  to  the  top  and  out. 
The  third  floor  was  sealed  from  the  fourth.  A  3-in.  drop  hole  on  each 
side  of  the  shaft,  near  the  center,  formed  the  bottom  of  a  small  hopper, 
which  was  set  down  in  thfe  brick.  There  was  an  adjustable  gate  on  this 
drop  hole,  which  could  be  set  so  the  hopper  had  sand  in  it  all,  or  nearly 
all,  of  the  time,  thus  preventing  any  gases  from  the  fourth  hearth  being 
drawn  above  into  the  third  hearth.     A  fan  furnished  the  draft  for  the 
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upper  three  floors,  and  another  forced  the  gases  from  the  lower  four 
through  a  scrubbing  tower.  This  was  for  the  purpose  of  separating  the 
chloride  or  copper-  and  silver-bearing  gases  from  the  sulphur  or  waste 


There  was  a  seventh  floor  provided.  This  was  nothing  but  a  flat 
water  jacket  to  cool  the  calcine.  There  were  also  copper  rakes  on  the 
seventh  floor,  in  case  it  was  desired  to  use  a  water  spray  to  assist  in  the 
cooling  and  also  settle  the  dust. 

The  bottom  floor  discharged  through  a  6-in.  hole  into  a  cast-iron 
pipe  which  contained  a  screw  conveyor.  This  closed  conveyor  carried 
the  material  from  the  center  of  the  furnace  to  the  calcine  elevator.  In 
this  way  no  air  could  enter  the  lower,  or  chloridizing  floors,  except 
what  was  allowed  to  go  in  through  an  open  door  regulated  to  suit  conjii- 
tions.  Theoretically,  this  looked  very  good,  but  under  operating  con- 
ditions a  great  many  difficulties  arose.  The  use  of  the  combustion 
chamber  required  much  more  fuel  than  direct  firing  into  the  third  hearth. 
At  the  time  the  combustion  chamber  was  taken  out,  the  sealed  drop 
holes  between  the  third  and  the  fourth  floors  were  also  discarded,  and  a 
regular  center  drop  hole  was  put  in.  Then  the  upper  fan  was  the  only  one 
used  and  all  the  gases  were  combined.  The  fuel  percentage  immediately 
dropped  down  to  what  it  should  have  been.  This  was  due  to  the  greater 
efficiency  without  the  combustion  chamber,  and  also  very  largely  to  the 
benefit  derived,  on  the  top  two  floors,  from  the  hot  gases  rising  from 
the  fourth,  fifth,  and  sixth  floors,  where  a  large  part  of  the  oxidation 
went  on.  When  the  furnace  was  run  with  the  fourth  floor  at  930°  F., 
which  temperature  gave  the  best  results,  there  was  no  oxidation  on  the 
second  floor  from  the  top.  The  sand  was  heated  up,  of  course,  and  just 
about  hot  enough  to  ignite  the  sulphur  as  it  dropped  to  the  third  or 
fired  floor.     The  most  of  the  oxidation  took  place  on  the  fourth  floor. 

When  the  hot  calcine  dropped  to  the  water-jacket  floor  the  jacket 
bulged  and  the  rakes  cut  through,  causing  it  to  leak.  This  caused  a 
great  deal  of  trouble,  as  the  water-soluble  copper  in  the  calcine  went  into 
solution  and  precipitated  out  on  the  iron,  taking  it  into  solution.  The 
water  jacket  was  also  a  very  inefficient  cooler.  It  was  discarded,  and  a 
discharge  hole  cut  in  the  outer  edge  of  the  sixth  floor. 

Then  the  problem  of  an  efficient  calcine  cooler  presented  itself.  A 
wat'Cr  jacket  20  ft.  long  and  4  ft.  wide  was  built,  and  connected  to  a 
Wilfley  table  motion.  This  scheme  worked  poorly  in  a  mechanical  way, 
as  the  weight  of  water  in  the  jacket  was  considerable,  and  the  jerk  of  the 
jacket  caused  a  sort  of  a  hydraulic-ram  action  inside  it,  which  caused 
many  leaks.  Also,  the  cooling  efficiency  was  not  very  good.  A  layer 
of  the  finer  calcine  formed  on  the  jacket  and  the  coarser  material  merely 
slipped  down  over  the  top  of  this,  getting  very  little  cooling.  A  coil 
of  cooling  pipes,  the  whole  length  and  width  of  the  jacket,  was  laid  on 
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top  of  it,  and  calcine  allowed  to  run  down  over  these  pipes.  In  this 
scheme  the  calcine  acted  the  same  way,  most  of  the  calcine  never  touch- 
ing the  jacket,  but  sliding  down  over  the  top  of  the  lower  calcine  layer. 
The  next  method  tried  was  the  rotary  cooler  described  in  the  preceding 
pages.  It  worked  very  satisfactorily,  giving  an  eflBcient  cooling  and  re- 
quiring very  few  repairs.  The  cooler  discharged  into  a  screw  con- 
veyor. About  1  per  cent,  water  was  sprayed  on  the  calcine  at  this  point 
to  settle  the  dust.  Mechanically  the  screw  worked  very  well,  but  the 
water-soluble  copper  ate  out  the  iron  rapidly,  and  made  it  necessary  to 
replace  it  often. 

A  push  conveyor  was  built  to  replace  this  screw.  After  proper 
adjustment,  it  worked  quite  well,  mixing  in  the  water  nearly  as  well  as 
the  screw.  In  comparison  with  this,  a  rotating  wooden  drum  2  ft.  in 
diameter  and  12  ft.  long,  was  also  tried.  This  gave  the  best  results  of 
any  arrangement  so  far,  for  a  short  conveyor,  particularly  where  it  was 
necessary  to  mix  in  a  small  amount  of  water,  for  dust  settling  or  cooling 
purposes.  No  iron  could  come  in  contact  with  the  moistened  calcine, 
and  the  repairs  were  very  low.  It  rotated  slowly  and  mixed  the  water  in 
perfectly,  about  1  per  cent,  water  being  required  to  prevent  the  calcine 
from  dusting. 

The  scrubbing  tower  for  the  chloridizing  gases  did  not  work  very 
efficiently  and  an  electrical  precipitation  unit  was  installed.  It  was 
put  in  by  Walter  Bradley,  of  the  Research  Corporation,  and  was  designed 
to  handle  all  of  the  gases,  chloride,  sulphur,  and  coal  gases.  The  treater 
was  built  after  the  design  of  Dr.  F.  G.  Cottrell,  of  the  Bureau  of  Mines, 
and  worked  satisfactorily,  as  90  per  cent,  of  the  copper  and  a  considerable 
amount  of  acid  were  recovered  from  the  fumes. 

After  a  50 -day  successful  run,  it  was  decided  to  discontinue  the 
feeding  of  salt  into  the  furnace,  for  a  time,  and  see  what  results  could  be 
obtained.  This  method  offered  many  advantages.  No  valuable  metals 
were  volatilized,  and  no  accretions  formed  in  the  furnace  to  cause  trouble. 
The  results  from  the  straight  oxidizing  roast  proved  to  be  so  good  that 
it  was  continued  for  70  days.  The  extraction  on  the  copper  was  even 
better  than  on  the  chloridizing  roast,  but  the  silver  recovery  was  not  so 
good.  However,  the  excess  silver  that  would  be  saved  by  roasting  with 
salt  would  not  pay  for  the  increased  expense  and  bother  entailed  by  a 
salt  roast.  The  leaching  solutions  carry  salt,  and  a  great  deal  of  chlorid- 
izing is  done  in  the  tanks. 

The  results  from  the  oxidizing  roast  have  this  advantage  over  those  of 
the  chloridizing  period:  The  oxidizing  period  was  the  later  one,  and 
naturally  everything  ran  more  smoothly  and  better  results  were  more 
easily  obtained.  Also  there  was  a  leaner  feed  to  work  on  during  the 
chloridizing  period. 

An  attempt  was  made  to  roast  and  leach  a  10  per  cent,  slime  tailings 
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mixture.  The  slime,  dewatered  on  an  Oliver  filter,  was  carried  by  a  con- 
veyor belt  to  a  pug  mill,  where  it  was  mixed  with  the  coarse  tailings. 
The  mixture  was  fairly  uniform,  but  some  pieces  of  slime  the  size  of  a 
walnut  entered  the  furnace,  did  not  break  up,  and  were  roasted  on  the 
outside  only.  The  slime,  even  after  roasting,  decreases  the  percolation 
rate  so  much  as  to  make  its  treatment  by  mixing  with  the  sand  impossible. 

The  operation  of  the  furnace,  after  everything  was  systematized, 
was  very  simple.  The  firing  takes  a  certain  amount  of  skill  and  expe- 
rience, and  the  regulation  of  the  furnace  also  takes  some  practice.  A 
pyrometer  was  used  on  the  fourth  floor,  but  an  experienced  man  could 
regulate  the  furnace  and  keep  it  within  30°  of  the  required  temperature, 
by  the  appearance  of  the  lower  three  floors.  To  do  this,  of  course,  the 
same  grade  of  feed  must  be  maintained.  A  marked  change  in  the  amount 
of  sulphur  in  the  feed  necessitated  a  readjustment  of  conditions  in  the 
furnace.  One  point  is  rather  important;  that  is,  not  to  let  the  tempera- 
ture get  too  low,  say  880®  P.,  on  the  fourth  floor,  for  if  it  once  starts 
down  it  is  very  hard  to  get  it  back  without  lowering  the  amount  of 
feed.  The  fire  caused  by  the  burning  sulphur  seems  to  go  out,  and  then 
it  has  to  be  ignited  again,  using  a  disproportionate,  amount  of  coal. 

The  feed  averaged  about  3.C0  per  cent,  sulphur  and  the  calcine  about 
0.6  per  cent,  sulphur. 

It  was  our  experience  that  the  higher  temperatures,  say  1,000°  or 
more,  caused  a  large  amount  of  ferrite  or  insoluble  copper;  that  is,  in- 
soluble in  any  acid  but  hydrofluoric;  900°  to  930°  F.  seemed  to  give  the 
best  results. 

The  feed  to  the  furnace  averaged  about  5  per  cent,  moisture,  but  very 
often  went  as  high  as  8  or  10  per  cent.  When  this  happened,  the  material 
on  the  top  floor  would  bank  up  over  the  arms,  instead  of  going  through 
between  the  rakes.  This  always  made  it  necessary  to  shut  the  feed  off 
and  let  the  rakes  clear  themselves.  This  trouble  often  limited  the 
amount  of-feed  it  was  possible  to  put  through  the  furnace.  With  three 
or  four  arms  on  this  floor,  and  with  a  feed  carrying  0.68  per  cent,  copper 
and  a  proportionate  amount  of  sulphur,  the  furnace  handled  very  close 
to  100  tons  per  day,  dry  weight.  The  rakes  on  the  first  or  top  hearth 
were  the  only  ones  which  showed  any  appreciable  wear  during  the  six 
months'  operation.  They  were  replaced  about  every  four  or  five  weeks. 
The  blades  and  blade  holders  should  be  used  there,  as  replacing  these  is 
much  cheaper  than  replacing  the  whole  rake. 

Fire  bricks  were  used  in  the  fire  boxes  and  in  the  construction  of  the 
second  and  third  floors.  All  the  rest  of  the  lining  and  the  floors  were 
built  of  ordinary  red  brick.  No  special  endeavor  was  made  to  increase 
the  water-soluble  copper.  It  seemed  to  affect  the  acid  consumption 
very  little  and  electrolytic  precipitation  is  out  of  the  question  at  present, 
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since  the  solutions  carry  chlorides.  About  40  per  cent,  of  the  copper 
was  soluble  in  water. 

To  give  a  full  idea  of  the  experimenting  and  changing  in  the  leaching 
schemes,  it  seems  best  to  take  them  up  separately  and  show  what  was 
done  on  each. 

In  the  experimental  work  done  in  the  summer  and  fall  of  1912,  in  a 
small  experimental  plant,  a  leaching  scheme  was  worked  out  which 
seemed  to  give  excellent  results.  This  method  consisted  of  sprinkling 
the  No.  1  or  weak  solution  on  the  charge,  then  letting  it  stand  a  few  hours 
and  following  with  the  No.  2  or  strong  solution  in  three  portions.  This 
was  sprinkled  on  in  the  same  way,  much  as  a  lawn  would  be  sprinkled, 
except  that  a  few  hours  were  allowed  to  elapse  before  the  addition  of 
each  portion.  The  solution  was  allowed  to  drain  out  as  fast  as  it  would 
and  no  hydrostatic  pressure  built  up  in  the  tank.  The  No.  1  solution 
was  precipitated,  made  up  in  acid,  and  used  as  the  No.  2  solution  for 
the  next  leach.  The  No.  2  solution  was  returned  and  used  for  the  No.  1 
in  the  next  leach. 

Accordingly,  an  automatic  sprinkler  was  designed  for  this  plant, 
and  a  lead  pan  was  put  into  the  bottom  of  the  leaching  tank,  to  prevent 
leakage. 

The  first  six  leaches  were  all  subjected  to  the  sprinkling  system, 
and  were  treated  in  much  the  same  way,  except  variations  in  acid  and 
salt  strengths.  These  show  in  the  table  of  tank  leaches.  As  far  as  the 
"sprinkling  system,"  goes,  it  seeips  to  have  done  about  as  good  work 
as  the  later  "  flooding  system,"  considering  the  class  of  caicine  used  at 
that  time.  The  furnace  was  not  making  very  good  calcine  until  Oct. 
20,  and  the  first  four  leaches  had  been  completed  at  that  time.  However, 
the  flooding  system  offers  fewer  diflSculties  and  dispenses  with  all  auto- 
matic sprinklers,  and,  if  anything,  does  better  work.  When  a  tank  is 
flooded  with  solution,  all  parts  of  the  calcine  are  apparently  more  apt  to 
be  saturated  with  acid  than  by  the  sprinkler  system.  However,  the 
average  results  of  the  first  six  lefifches  come  as  near  to  the  results  from 
the  laboratory  leaches  as  those  of  the  later  ones. 

Leach  No.  7,  the  first  one  in  which  the  flooding  system  was  used, 
gave  rather  poor  results.  This  was  due  entirely  to  improper  washing. 
The  tailings  sample  after  washing  in  the  laboratory  gave  a  result  of 
0.096  per  cent,  copper  in  comparison  with  0.135  per  cent,  copper  after 
the  wash  in  the  leaching  tanks.  Up  until  this  leach,  at  times  there  was  a 
good  deal  of  fine  material  and  a  good  deal  of  slime  in  the  feed.  This 
hindered  the  percolation,  and  resulted  in  poor  extraction  and  imperfect 
washing.  Classifiers  were  installed  in  the  mill  to  give  a  more  perfectly 
deslimed  feed.  Leach  No.  8  was  very  similar  to  leach  No.  7.  However, 
it  gave  a  considerably  better  extraction  percentage  on  the  copper,  but 
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this  was  probably  due  to  the  fact  that  the  calcine  was  richer.  This 
leach  did  not  get  a  perfect  wash. 

In  leach  No.  9,  a  new  scheme  was  tried.  Air  under  90  lb.  pressure 
was  connected  under  the  filter  bottom  of  the  tank.  The  No.  1  solution 
was  added^  circulated  down  to  0.5  per  cent.  H2SO49  and  replaced  with 
the  No.  2  solution.  This  was  then  drained  for  about  8  hr.  In  that 
time,  most  of  the  solution  which  would  drain  had  come  off.  The  air  was 
then  turned  on  for  8  hr.  This  was  repeated  three  times,  the  air  coming 
up  through  the  warm,  moist  calcine  being  about  40^  C.  and  it  seemed  as 
though  its  oxidizing  action  qn  the  calcine  was  sure  to  benefit  the  extrac- 
tion. This  was  tried  in  some  of  the  later  leaches,  but  seemed  to  help 
them  very  httle,  if  at  all.  Leach  No.  9  gave  an  exceptionally  good 
extraction.  However,  it  is  doubtful,  from  later  results,  whether  the 
aeration  was  responsible,  as  the  calcine  was  very  good  and  also  the  per- 
colation. In  this  leach,  the  top  and  bottom  of  the  tank  were  sampled 
separately.  The  bottom  showed  about  1  per  cent,  poorer  extraction 
than  the  top. 

Leach  No.  10  was  made  on  a  6-ft.  depth,  or  224  tons,  of  calcine.  An 
attempt  was  made  to  determine  if  the  shallower  bed  would  equalize 
the  results  in  the  top  and  bottom  of  the  tank.  The  extraction  on  the 
bottom  was  2  per  cent,  poorer  than  on  the  top.  On  leach  No.  11,  a 
copper  and  silver  balance  was  made,  in  which  the  calcine,  tailings,  and 
all  solutions  were  measured,  sampled,  and  assayed.  This  leach  was  the 
first  of  the  oxidizing-roasted  material.  It  had  the  same  treatment  as 
leach  No.  10,  except  that  one  portion  of  the  No.  2  solution  was  added 
under  the  filter  bottom  and  forced  up  through  the  calcine.  This 
method  gave  the  bottom  of  the  tank  the  benefit  of  the  first  application 
of  the  warm  strong  acid.  The  results  show  a  much  better  extraction 
at  the  bottom  than  at  the  top  of  the  tank.  There  is  such  a  wide 
variation  in  the  other  direction,  that  it  looks  as  though  perhaps  there 
was  an  error  in  sampling  or  analysis.  On  none  of  the  succeeding 
leaches  where  this  was  tried  was  the  extraction  better  at  the  bottom 
than  at  the  top  of  the  tank.  This  method  is  worth  consideration,  at 
any  rate. 

Leach  No.  12  had  two  portions  of  acid  added  at  the  bottom  and  two 
IK)rtions  at  the  top.  In  this  case,  the  top  gave  an  extraction  nearly  3  per 
cent,  better  than  the  bottom,  in  spite  of  adding  the  solution  at  the  bottom. 
Aeration  also  was  used  on  this  tank  and  the  air  heated  before  going  in. 
Leach  No.  13  had  no  aeration  and  all  of  the  solution  was  added  at  the 
top.  Leach  No.  14  was  started  with  an  H2SO4  solution  with  no  salt. 
It  was  planned  to  run  this  solution  through,  and  determine  whether  it 
would  dissolve  enough  of  the  copper  so  that  it  could  be  precipitated  on 
the  scrap  iron  and  all  of  it  be  discarded.  In  this  way,  the  chloride  solu- 
tions would  not  have  so  much  copper  to  take  up,  and,  therefore,  when 
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precipitated,  would  not  take  so  much  iron  in  solution  or  become  so  foul. 
This  scheme  would  cut  down  the  amount  of  discard  solution  and  salt  loss. 
The  first  solution  only  dissolved  about  one-half  of  the  copper  and  the  cycle 
was  prolonged  to  such  an  extent  that  it  seemed  advisable  to  abandon  the 
idea.  A  balance  was  also  made  on  this  leach  and  98.5  per  cent,  of  the 
copper  was  accounted  for.  In  this  leach  the  silver  extraction  was  poor. 
An  attempt  was  made  to  put  the  wash  water  on  at  the  bottom;  it  was  then 
changed  about  and  started  on  at  the  top.  In  this  way,  some  silver  which 
wais  held  in  solution  by  the^alt  was  precipitated  in  the  tailings,  due  to  the 
dilution  with  the  wash  water.  The  silver  results  on  this  leach-were 
thrown  out  when  averaging  the  results. 

Leach  No.  15  gave  the  best  results  of  all  the  leaches.  It  had  rather  a 
high  calcine — 0.713  per  cent.  Cu — ^and  percolated  very  readily  and  had 
about  a  six-day  treatment.  In  this  case,  the  strong  acid  necessary 
to  bring  the  solutions  up  to  strength  was  added  to  the  stream  of  solution 
as  it  went  on  to  the  charge;  55  lb.  of  acid  per  ton  of  calcine  was  added  in 
this  leach.  The  No.  2  solution  was  put  on  and  drained,  then  another  por- 
tion put  on  to  re-saturate  it,  and  to  this  portion  enough  acid  was  added  so 
that  a  zone  of  15  per  cent,  acid  traveled  down  through  the  charge. 
The  repeated  draining  and  re-saturating  seems  to  help  considerably  in 
the  extraction.  A  new  scheme  was  tried  in  the  washing  which  seemed  to 
give  excellent  results,  and  was  continued  through  all  the  rest  of  the  leaches. 
Salt,  to  the  amount  of  1  per  cent,  of  the  weight  of  the  charge  in  the  tank, 
was  spread  on  top  of  the  leached  calcine  just  before  the  wash  water  was 
added.  This  strong  zone  of  salt  solution  traveled  down  through  the 
charge  and  dissolved  or  washed  out  any  silver  chloride  remaining.  The  salt 
going  down  first,  went  into  the  solution  tanks  to  take  the  place  of  the 
discard  solutions;  thus  no,  or  very  little,  salt  found  its  way  into  the  wash- 
water  tanks. 

Leach  No.  16  was  a  very  successful  one,  the  percolation  being  very  good. 
About  50  lb.  of  acid  was  used  per  ton  of  calcine,  and  added  to  the  No.  2 
solution  as  it  went  on.  Aeration  was  used.  The  No.  1  solution  was  added 
and  circulated  down  to  0.6  per  cent.  H2SO4  from  4.2  per  cent.  Then  it 
was  replaced  with  one-half  of  the  No.  2  solution.  This  first  half  was  then 
drained,  and  followed  down  with  the  second  half  of  No.  2  solution,  this 
portion  having  part  of  the  strong  acid  added  to  it.  The  tank  was  then 
drained  to  about  10  per  cent,  moisture  and  aerated  for  8  hr.  The  air  com- 
ing up  through  the  calcine,  moistened  with,  say,  an  8  to  10  per  cent.  HsSOi 
solution,  was  expected  to  give  excellent  conditions  for  oxidation  and  sub- 
sequent solution.  The  air  may  be,  and  probably  is,  of  some  advantage, 
but  it  is  so  small  as  to  be  almost  inappreciable.  Also,  aeration  tends  to 
prolong  the  cycle  considerably.  The  repeated  draining  and  re-satura- 
tion are  thought  to  be  more  beneficial  than  the  aeration.  When  a  charge 
is  drained  and  then  re-saturated,  all  particles  are  bound  to  get  a  fresh 
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supply  of  acid,  while  circulation  does  not  accomplish  quite  the  same  end. 
During  circulation,  the  solution  travels  slowly  down  through  the  charge, 
taking  the  easiest  course,  and  if  there  are  any  softer  portions  they  get  more 
than  their  share  of  the  acid,  and  harder  places  get  less.  In  this  leach 
there  was  about  1  per  cent,  diflference  in  extraction  between  the  regular 
extraction  and  that  using  a  laboratory  washed  tailings  as  a  basis  for 
calculation. 

Leach  No.  17  was  treated  the  same  as  No.  16,  with  the  exception  that 
the  whole  amount  of  acid  was  added  to  the  second  half  of  the  No.  2  solu- 
tion as  it  went  on.  This  brought  the  acid  strength  up  to  about  18  per  cent. 
HsSOi  for  this  portion.  This  was  allowed  to  travel  down  through  the 
calcine,  replacing  the  first  half.  The  charge  was  then  aerated  and  the 
first  half  of  the  No.  2  solution  returned,  and  the  total  No.  2  solution  circu- 
lated was  down  to  the  same  acid  value  as  the  No.  1  solution  had  when  it 
went  on.  There  was  rather  a  large  difference  between  the  extraction 
on  the  top  and  bottom,  and  the  washing  could  have  been  improved 
upon  also. 

In  leach  No.  18,  the  same  solutions  which  were  used  in  No.  17  were 
used  without  precipitating  out  the  copper.  They  were  made  up  in 
acid  strength,  however.  The  idea  was  to  see  if  it  was  possible  to  run  the 
solutions  higher  in  copper  content,  without  interfering  with  efficient 
leaching.  The  results  were  not  very  satisfactory.  Using  the  richer 
copper  solutions  made  washing  of  the  charge  much  more  difficult  and  also 
the  variation  between  extractions  on  the  top  and  bottom  was  larger 
than  it  should  have  been. 

Leaches  19  and  20  were  run  side  by  side  and  at  the  same  time.  Both 
were  treated  with  No.  1  solution,  and  then  one  had  No.  2  solution  added 
to  it,  and  its  drainage  of  No.  2  solution  was  lifted  to  the  top  of  the  other 
charge.  The  two  leaches  were  see-sawed  back  and  forth  in  this 
way  several  times;  that  is,  one  was  drained  as  fast  as  possible  and  the 
drainage  put  on  top  of  the  other  tank,  adding,  of  course,  its  proportion 
of  strong  acid.  This  was  to  accomplish  the  large  number  of  drainings 
and  re-saturations  spoken  of  above,  without  the  use  of  spare  or  sump 
tanks.  The  scheme  worked  very  well  as  far  as  time  and  the  handling 
of  solutions  went.  It  is  possible  to  drain  a  10-ft.  depth  of  this  material 
to  about  10  per  cent,  moisture  in  6  to  7  hr.  Leach  19  had  49  lb.  HjS04 
per  ton  added  to  it  arid  48  lb.  was  added  to  leach  20. 

The  sluicing  of  tailings  is  a  very  simple  and  cheap  operation.  Seven 
million  gallons  of  water  per  24  hr.  will  sluice  and  carry  away  all  the  tail- 
ings which  two  men  can  sluice  out  of  five  12-in.  gates  in  the  bottom  of 
a  tank.  This  amount  of  water  was  available  and  used,  but  probably 
much  less  than  this  would  be  sufficient.  The  greatest  difficulty  is  at  the 
start,  when  a  hole  is  first  opened  up.  The  sand  caves  in  and  it  takes  a 
very  large  amount  of  water  to  carry  away  this  sudden  influx  of  sand 
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into  the  tail  race.  Two  men  could  sluice  400  tons  from  one  of  the  tanks 
used  here  in  about  5  hr. 

There  is  not  much  to  be  said  with  reference  to  the  precipitating. 
The  launders  were  filled  with  scrap  iron  and  the  solution  circulated 
through  them.  At  30°  C,  a  2  per  cent.  Cu  solution,  carrying  0.7  per 
cent.  H2SO4,  was  precipitated  to  0.1  per  cent.  Cu  when  circulating  at 
the  rate  of  8  to  10  gal.  per  minute. 

This  strong  copper  solution  precipitated  as  a  very  good  cement 
copper.  It  was  flocculent,  and,  on  wrought  iron,  merely  touching  the 
iron  would  break  the  copper  off  and  leave  a  fresh  iron  surface.  The 
cement  ran  from  75  to  85  per  cent,  copper. 

The  hard  or  cast  scrap  iron  was  also  tried.  At  first,  the  copper 
seems  to  precipitate  on  it  as  fast  as  on  the  soft  iron,  but  a  layer  of  copper 
quickly  plates  on  it,  and  the  cleaning  up  is  a  pretty  expensive  operation. 
Every  piece  must  be  handled  separately,  brushed,  and  most  often 
scraped,  before  the  iron  is  fit  for  further  precipitation.  By  using  mal- 
leable iron  scrap,  sweeping  is  hardly  necessary,  if  the  iron  can  be  moved 
a  little  occasionally.  The  copper  drops  oflf  and  to  the  bottom  of  the 
launder  immediately.  The  iron  consumption  was  about  1.15  lb.  per 
pound  of  copper. 

General 

A  copper  tube  was  used  for  all  tailings  sampling.  Iron  cannot  be 
used  because  of  the  precipitation  on  it  of  any  copper  in  solution.  The 
copper  tube  was  closed  at  the  lower  end  and  brought  to  a  sharp  point. 
A  slot  was  cut  its  full  length,  and  one  side  bent  out  a  little  to  form  a 
cutting  edge.  A  piece  of  rubber  hose  was  pushed  into  the  sampler,  just 
filling  it,  then  it  was  driven  down  through  the  charge,  the  hose  withdrawn 
and  the  tube  turned  several  times.  In  this  way,  the  cutting  edge  filled 
the  tube  with  tailings  representing  that  part  of  the  tank.  This  sampler 
was  checked  several  times,  by  opening  up  a  hole  to  the  bottom  of  the 
charge  and  sampling  up  the  side  of  the  hole  with  a  wooden  scoop.  If 
there  was  any  abrasion  of  the  copper  off  the  tube,  it  did  not  appreciably 
affect  the  sample. 

It  requires  about  20  per  cent,  of  the  weight  of  the  calcine  in  weight  of 
solution  to  saturate  the  charge.  This  assumes  the  solutions  at  a  specific 
gravity  of  1.00,  while  in  reality  they  have  a  specific  gravity  of  about  1.25. 

It  requires  about  40  per  cent,  of  the  weight  of  the  charge  in  wash 
water  for  a  reasonably  good  wash. 

The  acid  consumption  will  not  exceed  50  lb.  H2SO4  per  ton  of  charge 
and  the  salt  lost  in  solution  discard  will  not  be  more  than  1  per  cent,  of 
the  weight  of  calcine,  probably  much  less.  By  figuring  acid  consump- 
tions on  each  leach,  and  using  acid  content  of  each  solution,  before  going 
on  and  after  coming  off  the  calcine,  the  acid  consumption  on  the  first 
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14  leaches  averages  about  25  lb.  per  ton.  On  the  last  six,  50  lb.  of  acid 
per  ton  was  added.  This  may  have  given  sonewhat  better  results,  but 
not  very  much  so.  It  seems  as  though  perhaps  the  extra  acid  of  the  50- 
Ib.  consumption  was  used  in  taking  up  iron  and  alumina,  and  had  very 
little  effect  on  the  copper  remaining  in  the  charge. 

The  silver  has  a  tendency  to  precipitate  on  the  lead  linings  to  a  small 
extent.  This  would  not  offer  much  diflSculty,  as  the  lead  rapidly  becomes 
coated  and  precipitation  ceases.  The  solutions,  on  cooling  and  on  the 
addition  of  water,  drop  some  of  the  silver  out  as  silver  chloride.  This 
forms  in  the  bottom  of  the  solution  tank  to  more  or  less  extent  and  has 
to  be  cleaned  up  periodicaUy.  All  of  the  silver  in  solution  precipitated 
in  the  scrap-iron  launders  with  no  trouble  whatever. 

Summary 

The  accompanying  Tables  I,  II,  and  III  speak  for  themselves,  so 
there  is  not  much  to  explain  about  results. 

The  feed  from  the  mill  averages  between  0.65  and  0.70  per  cent, 
copper,  about  5  per  cent,  moisture,  and  about  3  per  cent,  sulphur. 
Ninety  tons  per  24  hr.  of  this  feed  can  be  roasted  in  a  20-ft.  MacDougall 
furnace  of  the  type  used  here  with  a  coal  consumption  of  2.75  per  cent,  of 
its  dry  weight.  The  calcine  will  contain  about  0.6  per  cent,  sulphur. 
About  40  per  cent,  of  the  copper  is  water  soluble. 

Screen  Analysis  on  the  Feed 

•»*    V  T»  i.  Cumulative, 

Mesh  Per  cent.  _  ^    * 

Per  cent. 

On  14 4.60  4.50 

On  40 50.31  54.81 

On  60 16.33  70,14. 

On90 11.45  81.59 

On  110 6.54  88.13 

On  160 5.52  93.65 

On  200 2.86  96.51 

Through  200 5.31  101.82 

Under  conditions  which  would  apply  in  a  large  plant,  it  is  expected 
that  an  85  per  cent,  extraction  can  be  made  on  the  copper,  and  very 
probably  86  or  87  per  cent.  A  tailing  carrying  between  2  and  2}  lb. 
of  copper  per  ton  should  be  made.  In  a  plant  as  small  as  this  80 -ton 
plant,  and  built  for  temporary  use,  a  great  many  petty  annoyances  are 
encountered,  as  the  running  of  the  furnace,  and  therefore  of  the  whole 
plant,  depended  on  so  many  small  pieces  of  machinery  in  the  conveying 
and  cooling  equipment.  Not  10  per  cent,  of  the'furnace^shutdowns 
were  caused  by  troubles  with  the  furnace  itself.     Naturally,  the  furnace 
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does  much  better  roasting,  and  with  a  less  coal  consumption,  when  it  is 
running  continuously  or  nearly  so. 

No  salt  is  necessary  in  the  roast  for  the  better  extraction  of  the 
copper.  It  would  increase  the  silver  extraction  from  75  to  90  per  cent., 
but  this  extra  15  per  cent,  of  the  silver  recovered  would  not  pay  for  in- 
creased cost  of  salt,  installation,  and  operation  of  an  apparatus  to  catch 
the  values  in  the  gases.  This  recovery  of  fume  values  would  probably 
not  be  much  over  90  per  cent.  The  chloridizing  of  the  silver  is  done  in  the 
leachmg  tanks. 

Summary  of  Results  from  Labor cUory  Leaches  During  Oxide-Chloride  Period 

The  extraction  percentages  on  both  copper  and  silver  assume  complete  recovery 
of  volatilised  values. 

No  silver  assays  were  made  on  the  feed,  en  average  result  of  0.55  os.  per  toa  being 
used  in  figuring  extraction. 

Recovery  of  copper,  per  cent 86 . 7 

Recovery  of  silver,  per  cent W .3 

Pounds  copper  per  ton  in  feed 12.48 

Pounds  copper  per  ton  in  tailings.  •. 1 . 64 

Pounds  copper  per  ton  recovered 10. 84 

Average  feed  per  24  hr,  tons 90.8 

Average  salt  consumption,  per  cent 1 .  01 

Average  coal  consumption,  per  cent 2 .  94 

Summary  of  Results  from  Tank  Leaches 

Oxide-Chloride  Period 

The  extraction  percentages  of  silver  and  copper  during  the  chloridizing  period 
are  figured  by  using  the  copper  and  silver  values  in  the  feed  and  assuming  all  volatilised 
values  recov^^. 

Pounds  copper  in  feed  per  ton 12 .04 

Pounds  copper  in  tails  per  ton 2 .64 

Pounds  copper  recovered  per  ton 9 .60 

Per  cent,  extraction  on  copper 78 .9 

Ox.  silver  per  ton  in  feed 0.65 

Os.  silver  per  ton  in  tails 0 .  15 

Pter  cent,  extraction  on  silver 72.9 

Oxide  Period  -. 

Pounds  copper  in  calcine  per  ton 13.68 

Pounds  copper  in  tails  per  ton 2. 12 

Pounds  copper  recovered  per  ton 11 .  46 

Per  cent,  extraction  on  copper — top  i  of  tank 86 . 2 

Per  cent,  extraction  on  copper — ^bottom  J  of  tank 82. 8 

Per  cent,  extraction  on  copper — total  tank 84 . 4 

Per  cent,  extraction  copper — tails  washed 86.0 

Os.  silver  in  calcine,  per  ton 0..67 

0«.  silver  in  tails,  per  ton 0. 15 

Per  cent,  extraction  on  silver 70.9 
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Tablb  1,— Oxide-Chloride  Roast 
Results  from  Laboratory  Leaches 
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Table  II. — Oxide  Roast.    Results  From  Laboratory  Leaches 
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023  0.084|o.41 0.06 87.7487.8 

023  0.088  0.490.08  86.90  83.7 

022,0.100  0.66  0.09  86.28  83.9 

016  0.0700.42  0.06  90.40  85.7 

.022  0.083  0.460.0885.08  82.6 

.016,0.069.0.48  0.06188.66,87.5 

.019  0.0840.56  0.10  88.0282.2 

.019:0.080,0.610.07,88.68  86.3 

.Oielo.  1110.56  0.07  86. 32|87. 5 

.02710. 108,0.68  0.09  86.6084.5 

.012  0.097  0.55  0.10  87.48  81.8 

.022  0.1310.70  0.12  83.99  82.9 

.035  0.142i0.70  0.16  82.93  78.5 

.024  0.098  0.62  0.13  86.48  79.0 

023  0.107,0.7510.12  85.5084.0 

023  0. 106  O.67I0. 12186.32  82. 1 
Oil  0. 118  0.71  0. 13  84.39  81 .7 

024  0. 113:0.52  0. 10|86.42  80.8 

' i   I       I ' 
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Table  II. — Oxide  Roast. 


Feb. 


Jan.  23 
24 
25 


27 

28 

29 

30 

31 

1 

2 

3 

4 

5 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

22 

23 

24 

25 


s 
S 


Ave. 


71.7 
72.3 
71.5 
76.3 
83.8 
84.8 
83.4 
84.0 
80.6 
82.7 
80.0 
81.5 
78.5 
74.8 
81.5 
74.4 
81.0 
80.8 
81.7 
81.5 
81.2 
81.3 
79.9 
81.3 
80.0 
80.6 
80.6 
80.6 
89.6 
79.8 


1^ 


a 
I 


Remits  From  Laboratory  Leaches.    {Continued) 


.s 

A 

8 

a 

1^ 

|1 

S.I 

u 

M 

1^ 

^9 

(3.2 

B 

i 

n 

ts 

►  "** 

S 

feta 

Ok 

^ 

Ph 

..2 


II 


d 

II 


II 


d 

s 

II 


fl  fe    I  a  fl     .5.2       ^  d      ^ 


I 


4.5  2.53  0.763  0.781  1,000:0.063  0.026  0.099  0.65  0.17  87.32 


4.02.94  0.7380.732  1,000 
5.0,2.83  0.692  0.71711,000 


5. 5j2. 62  0.625  0.630: 
5.012.70  0. 655,0. 643| 
6.5|2.740.63i|0.655; 
5.513.28  0.576  0.6431 
6.0j2.71j0.613;0.619; 
6.0|2.82  0.668  0.625j 
4.5!2.62!0.686;0.704' 
6.0'2.33'0.695|0.775 
5.0I2.27  0.702  0.695 
7. 0;2. 500. 69110. 683 
4.5  2.35'0.64r0.634 
4.5  2.56=0.65310.671 

12.03. 15l0.641j0. 659 
5.02.44.0.666'0.691 
5.02.490.703;0.716 
4. 0*2. 590. 635,0. 660 
4.o!2.89  0.694'o.600l 
4.5l2.92  0.643'0.643. 
4.5  2.82  0.637J0.655i 

;  5. 52. 78.0. 625:0.637! 
5.5  2.610.613  0.619 

I  6.0 2.73 0.588|0. 606 
4.5,2.78.0.588|0.600 
4.5'2.87  0.662  0.643' 
6.02.61  0.649;0. 686 
5.5  2.77  0.637jO. 662 
5. 12.75  0.675  0.680 


960 
950 
940 
950 
930 
930 
950 
970 
960 
970 
980 
980 
960 
920 
930 
930 
950 
960 
960 


0.0630.029 
0.048J0.033 
0.040  0.030 


10.043 
f0.041 
» 0.046 
» 0.042 
> 0.053 
) 0.046 
) 0.057 
>  0.046 
m.046 
»0.035 
> 0.038 
^0.041 
)0.046 
) 0.080 
)  0.053 
» 0.038 
>0.041 
)  0.035 
930,0.043 
930  0.038 
920,0.040 
9200.033 
920,0.044 
930J0.0i2 
9300.042 


I 


0.021 
0.024 
0.018 
0.019 
0.012 
0.025 
0.025 
0.027 
0.027 
0.032 
0.021 
0.025 
0.020 
0.009 
0.019 
0.019 
0.023 


0.0920.580.1487.43 
0.081,0.70]0. 18  88.70 
0.070  0.550.14  88.88 
0.064  0.48  0.08  90.05 
0.065  0.54  0.1090.08 
0.064  0.58  0.12  90.05 
0.0610.48  0.09  90.15 
0.065;0.57,0. 10  89.60 
0.07llo.59  0.11i89.91 
0.082  0.66  0.12;89. 42 
0.073|0.66  0.15,89.50 


o\r 


0.073  0.78  0.19  89.31 
0.06710.49:0. 15'89. 43 
0.059!0.48;0.08|91.21 
0.066  0.47;0.08|89. 98 
0.066  0.67  0.12190.45 
0.0890.83  0.15  87.57 


0.072  0.68  0.1189.09 
0.0570.56  0.1190.50 
0.064  0.67  0.14  90.05 
0.034  0.069  0.610.1189.47 
0.030  0.0730.54  0.09  88.54 
0.0240.062  0.610.1189.98 
0.023  0.063  0.53  0.09  89.60 
0.03ll0.064  0.56  0.09  89.33 
0.024|0.073  0.58  0.09  88.65 
0.027  0.069  0.47  0.08  89. 94J83.1 
0.023  0.065  0.38|0.04;90. 18,89.5 
0.058  0.023  0.0810.57  0.10  88.09  82.5 


73.8 
76.8 
74.3 
74.5 
83.3 
81.5 
79.3 
81.2 
82.5 
81.3 
81.8 
77.3 
75.7 
68.1 
83.3 
83.0 
82.1 
81.9 
83.8 
80.3 
79.1 
82.0 
79.6 
82.0 
79.2 
84.0 
84.4 


Recovery  of  copper,  per  cent 88 .  09 

Recovery  of  silver,  per  cent 82 . 6 

Fbunds  copper  per  ton  in  calcine 13 . 6 

Pounds  copper  per  ton  in  tailings 1 .  62 

Pounds  copper  per  ton  recovered 11 .98 

Average  feed  per  24  hr.  (tons  dry  wt.) 79 . 8 

Average  coal  consumption,  per  cent 2. 75 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  bevision] 

DISCUSSION  OF  THIS  PAPER  IS  IN  VITEQ.  It  should  preferably  be  presented  in  person  at  the 
Salt  Lake  meeting,  Auffust,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
thfen  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  20  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Sevrotary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1, 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Curves  for  the  Sensible-Heat  Capacity  of  Furnace  Gases 

BT  C.  R.  KUZELL  AND  G.  H.  WIOTON,  GREAT  FALLS,  MONT. 
(Salt  Lake  Meeting,  August,  1914) 

Introduction 

Knowledge  of  the  ttiermal  capacity  of  gases  is  of  great  importance 
in  making  metallurgical  calculations. 

The  metallurgist  is  frequently  called  upon  to  investigate  and  deter- 
mine furnace  efficiencies  in  which  the  heat  carried  into  or  out  of  the 
furnace  by  gases  is  a  large  item  in  the  heat  balance.  Not  only  do  such 
problems  present  themselves  in  the  determination  of  furnace  efficiency, 
but  also  in  the  study  of  the  application  of  heat  is  accessory  apparatus, 
such  as  stoves,  regenerator^,  waste-heat  boilers,  driers,  etc.  The  thermal 
effect  of  the  use  of  excess  air  in  the  combustion  of  fuel,  the  theoretical 
temperatures  of  combustion,  the  quantity  of  heat  in  hot  blast  at  various 
temperatures,  the  effect  of  hot  blast  on  furnace  t^mperatures,  are  a 
few  more  examples  of  frequently  occurring  calorific  problems  involving 
gases.  So  many  are  the  applications  of  the  data  on  the  heat  capacity 
of  gases  that  the  subject  merits  careful  study. 

The  heat  in  a  gas  maybe  due  to  its  heat  of  combustion,  if  it  is  a  combus- 
tible gas,  and  to  its  temperature.  The  latter  is  called  its  sensible  heat 
and  is  the  heat  absorbed  or  evolved  by  a  gas  as  its  temperature  is  raised 
or  lowered.  The  heat  of  combustion  of  gases  is  well  established  and  is 
commonly  known.  The  values  can  be  found  in  almost  any  modern 
treatise  on  metallurgy.  The  sensible  heat  of  gases  has  not  been  so  well 
established  because  it  is  in  most  cases  a  function  of  the  temperature,  and 
the  values  of  si)ecific  heats  of  gases  over  a  wide  range  of  temperatures 
have  only  recently  been  determined.  It  is  the  purpose  of  this  paper  to 
deal  with  the  sensible  heat  of  gases. 

The  calculation  of  sensible-heat  capacities^  from  specific-heat  equa- 
tions is  a  comparatively  long  and  tedious  operation.     This  is  especially 

'  Dr.  Fulton  uses  the  term  "thermal  capacity"  {Principles  of  Metallurgy ^  p.  410). 
However,  in  the  case  of  a  combustible  gas,  the  term  "thermal  capacity"  might  be 
erroneously  supposed  by  some  to  include  heat  of  combustion. 
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temperature: 

Fig.  1. — Equation  for  Specific  Heat. 


SENSIBLE  HEAT   CAPACITY 

Fio.  2. — Sensible-Heat  Capacity  Curves. 
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true  in  the  case  of  polyatomic  gases  the  specific-heat  equations  of  which 
are  quadratics  or  are  higher  in  degree. 

.  To  simplify  this  calculation  the  authors  have  selected  what  have 
appeared  to  be  the  most  reliable  and  recent  data  and  have  constructed 
a  series  of  curves  by  means  of  which  the  sensible  heat  in  a  gas  at  any 
temperature  or  between  any  temperatures  up  to  2,000^  C,  or  3,600^  F., 
may  be  easily  determined.  The  use  of  these  curves  has  not  only  effected 
a  great  saving  in  time,  but  has  encouraged  the  making  of  many  calcula- 
tions which  would  not  have  been  attempted  if  the  more  laborious  method 
was  used. 

EXPEBIMENTAL  DaTA   ON  THE   SPECIFIC  HeAT  OF  GaSES 

Dr.  Joseph  W.  Richards  has,  in  his  Metallurgical  Calculations,  Part  I, 
given  formulse  for  the  mean  specific  heats  of  all  the  conmion  gases  in 
terms  of  both  the  imperial  and  metric  systems  of  measurement.  These 
formula  are  derived  from  the  results  of  experimental  determination  of 
the  specific  heats  at  various  temperatures.  The  data  were  obtained 
from  the  researches  of  Regnault,  Mallard,  and  LeChatelier.  Since  the 
time  of  publication  of  that  book,  however,  other  investigators  have  been 
at  work  on  the  subject.  Among  these  are:  Pier,  Holbom,  Austin,  Hen- 
ning,  Njerrum,  Furstenau,  and  Swan.  A  summary  of  the  results  of 
their  researches  has  been  very  ably  made  by  Messrs.  Lewis  and  Randall, 
who  presented  their  conclusions  in  a  paper  entitled  A  Summary  of  the 
Specific  Heats  of  Gases.*  They  have  selected  formulsB  for  molal  heats' 
of  gases  to  agree  as  closely  as  possible  with  all  the  experimental  work,  and 
where  a  difference  in  data  existed  the  values  obtained  by  the  most 
reliable  method  were  chosen.  Since  their  formuke  agree  with  the  most 
probable  values  of  all  the  experimental  data,  they  are  especially  valuable, 
and  have  been  used  in  constructing  the  curves  for  heat  capacity  that  are 
the  subject  of  this  paper. 

Specific-Hbat  Equations  and  Theib  Derivation 

As  noted  above,  Lewis  and  Randall  give  formula  for  the  molal  heats 
of  the  gases.  It  has  been  necessary  to  convert  these  formul©  into  more 
convenient  form  for  use  with  either  volumetric  or  gravimetric  units  in 
either  the  Imperial  or  Metric  system. 

To  facilitate  the  use  of  formulae,  the  following  symbols  have  been 
adopted: 

'  See  Journal  of  the  American  Chemical  Society j  vol.  xxxiv,  No.  9. 

•  The  molal  heat  is  the  product  of  the  specific  heat  and  the  molecular  weight. 
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C  p  s  molal  heat  =»  heat  required  to  raise  the  temperature  of  a  molecular  weight 

of  the  gas  1"^  under  constant  pressure.^ 
Cp  —  specific  heat  under  constant  pressure. 

CmCti  to  t)  =  mean  specific  heat  between  the  temperatures  ti  and  t. 
T  s  absolute  temperature,  degrees  centigrade, 
t    —  temperature,  degrees  centigrade. 
t     =  temperature,  degrees  Fahrenheit. 

Q(ti  to  t)   »  quantity  of  sensible  heat  (heat  capacity)  between  the  temperatures 
ti  and  t. 

The  following  formulsB  were  selected  by  Lewis  and  Randall: 

Nitrogen,  oxygen,  carbon  monoxide,  Cp  —  6.50  —  O.OOIOT 

Hydrogen,  Cp  =  6.50  -  0.0009T 

Water  vapor,  hydrogen  sulphide,  Cp  =  8.81  -  0.0019T  +  0.00000222T* 

Carbon  dioxide,  sulphur  dioxide,  Cp  =  7.0    +  0.0071T  -  0.00000186T* 

Table  I  gives  the  formula  for  mean  specific  heats  that  we  have  calcu- 
lated from  the  above  molal  heats  for  1  kg.,  1  cu.  m.,  1  lb.,  and  1  cu.  ft.  of 
each  gas. 

The  values  for  methane  are  calculated  from  a  formula  given  by  Fulton 
(Prirunples  of  Metallurgy,  p.  408)  on  the  authority  of  J.  V.  Ehrenwerth 
(MetaUurgiej  vol.  vi,  p.  306). 

For  an  explanation  of  the  method  of  converting  specific-heat  for- 
mula to  mean  specific-heat  formula  see  Appendix  A. 

HeatvCapacity  Curves;  Construction  and  General 
Application 

The  amount  of  sensible  heat  that  a  gas  will  absorb  between  any  two 
temperatures  ti  and  t  is  equal  to  the  product  of  the  mean  specific  heat 
between  those  two  temperatures  times  the  difference  in  temperature. 
Therefore,  if  one  temperature  is  zero, 

Q(Otot)  =c„t 

By  substituting  in  this  equation  the  various  values  of  c^  given  in 
the  preceding  tabulation  and  then  substituting  various  values  of  t,  any 
desired  number  of  values  of  Q  may  be  obtained.  From  these  values  a 
curve  can  easily  be  plotted.  Such  a  curve  will  give  for  any  temperature 
up  to  2,000°  C,  or  3,600°  F.,  the  sensible-heat  capacity  of  the  gas. 

On  Plate  I  we  have  drawn  curves  for  each  gas  giving  the  sensible-heat 
capacity  in  British  thermal  units  per  pound  and  also  per  cubic  foot 
(measured  under  standard  conditions).     On  Plate  II  are  corresponding 

*  Gases  in  metallurgical  furnaces  usually  expand  under  constant  pressure.  If  the 
gas  is  confined  to  a  constant  volume,  external  work  is  done  to  maintain  the  constancy 
of  volume.  In  such  a  case  the  amount  of  the  outer  work  may  be  calculated  (see 
Richards's  Metallurgical  CalcuUUionSy  pt.  i,  p.  00)  by  subtracting  from  the  specific  heat 
at  constant  pressure  2  calories  per  degree  for  a  molecular  weight,  or  0.09  calorie  per 
degree  for  1  cu.  m.,  or  0.09  -r-  weight  of  1  cu.  m.  for  a  kilogram  of  gas. 
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curves  giving  kilogram-calories  per  kilogram  and  per  cubic  meter  (also 
measured  imder  standard  conditions). 

It  should  be  noted  that  the  values  given  apply  to  the  substances  only 
in  the  gaseous  state. 

Dissociation  is  not  great  within  the  range  of  temperatures  for  which 
the  curves  are  drawn.     (See  Fulton,  Principles  of  Metallurgy,  p.  414.) 

The  general  application  of  the  curves  is  simple.  The  temperatures  are 
laid  off  along  the  axis  of  ordinates  and  the  sensible-heat  capacities  are 
laid  off  along  the  axis  of  absciss®.  If  the  temperature  of  a  gas  is  known 
and  it  is  desired  to  find  the  sensible-heat  capacity  between  zero  and  this 
temperature,  one  reading  gives  it  directly.  If  two  temperatures  are  given 
and  the  sensible-heat  capacity  between  these  two  temperatures  is  desired, 
two  readings  must  be  taken  and  subtracted  one  from  the  other. 

In  addition  to  Plate  I  and  Plate  II  we  have  drawn  two  more  series  of 
curves  in  Plates  III  and  IV,  which  give  the  actual  specific  heats  at  various 
temperatures,  the  former  for  units  of  weight  and  the  latter  for  units  of 
volume.  These  are  for  use  in  finding  the  theoretical  temperature  of 
combustion,  as  explained  in  Appendix  B  and  as  illustrated  in  Example  4. 

Application  of  Heat-Capacity  Curves  in  Metallurgical 
Calculations 

The  applications  of  the  curves  to  metallurgical  problems  are  many. 
On  account  of  lack  of  space  only  four  typical  examples,  just  enough  to 
illustrate  the  use  of  the  curves,  will  be  worked  out.  Special  attention  is 
directed  to  Example  4,  which  illustrates  a  method  of  finding  the  theoretical 
temperature  of  combustion  much  more  easily  than  by  any  other  method 
we  know  of. 

Example  1 

A  reverberatory  furnace  discharges  10,000  cu.  ft.  of  waste  gases  per 
minute  (measured  under  standard  conditions)  at  2,000°  F.  The  volu- 
metric analysis  of  the  gas  is  as  follows: 

H,0    CO,  +  SO,    O,    Na 
8  15  2      74 

Find  the  sensible  heat  in  the  waste  gases  above  0°F. 

Referring  to  Plate  I,  we  obtain  the  following  values  for  each  of  the 
constituent  gases  at  2,000°  F. 
Sensible-heat  capacity,  B.t.u.  per  cubic  foot. 

H,0     CO2  +  SO,     O2  +  N2 
49.6  63.6  40.8 

Combining  these  in  the  proper  proportion  we  get: 

49.6  X  0.08  +  63.6  X  0.15  +  40.8  X  0.77  =  44.92  B.t.u.  per  cubic  foot, 

Digitized  by  LjOOQ  IC 


2190  cimvEs  FOR  the  sensible  heat-capacity  of  furnace  gases 


^Eflp^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^HHMpv  r  ~1      • 


-:j 


Digitized  by 


Google 


CURVm&  FOE  TKE  SENSIBLE -Hi:  AT  CAPACITY  OF  FXTRNACE  GABES    2191 


1 

^HH 

^K^^Bt 

Wr 

m^n .       ,        ''xm^      ^ 

mm       ~    ■* 


:i3 


•«     f5 


Digitized  by 


Google 


2192      CURVES  FOR  THE  SENSIBLE-HEAT  CAPACITY  OF  FURNACE  OASES 


%        g        3 § y 5 y 

BRinSH  THERMAL  UN  tT3  (B-t.u.)  PER    CUFX 


Plate  III. — Specific  Heats.    Units  op  Volume. 
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Plate  IV. — Specific  Heats.    Units  of  Weight. 
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which  is  the  sensible  heat  in  1  cu.  ft.  of  the  waste  gases.  Therefore  the 
total  sensible  heat  passing  out  of  the  furnace  in  the  waste  gases  each 
minute  is  439,500  B.t.u. 

Example  2 

Suppose  the  gases  of  Example  1  enter  a  brick  regenerator  at  2,000^  F. 
and  leave  it  at  600^  F.,  and  that  the  regenerator  subsequently  heats 
8,000  cu.  ft.  of  air  from  TO"*  F.  to  1,200''  F.  for  every  10,000  cu.  ft.  of  waste 
gases  (both  air  and  gases  being  measured  under  standard  conditions). 
What  is  the  calorific  eflSciency  of  the  regenerator?  From  Example  1  we 
know  that  the  sensible  heat  in  the  gases  at  2,000''  F.  is  439,500  B.t.u. 
Proceeding  in  the  same  manner  (using  Plate  I),  we  find  that  at  QOff^  F. 
the  sensible  heat  per  cubic  foot  is: 

14.1  X  0.08  +  16.2  X  0.15  +  11.6  X  0.77  =  12.49  B.t.u. 

The  sensible  heat  in  10,000  cu.  ft.  at  600*^  is  therefore  124,900  B.t.u. 
The  heat  input  of  the  regenerator  is  therefore 

439,500  -  124,900  =  314,600  B.t.u. 

The  heat  in  1  cu.  ft.  of  air  at  1,200*^  F.  is  23.7  B.t.u.  and  at  70*^  F.  it  is 
1.3  B.t.u.  Therefore,  the  net  heat  absorbed  by  1  cu.  ft.  of  air  is  22.4  B.t.u. 
and  the  heat  output  of  the  regenerator  is  8,000  X  22.4,  or  179,200  B.t.u. 
.'.  Efficiency  of  regenerator  = 

Heat  output  ^  ^^      179,200  X  100      .^  ^ 

_.      ..^      j^  100 L_^_^       _    _  57  0  per  cent. 

Heat  mput  314,600  ^ 

Example  3 

At  an  iron  blast-furnace  plant  a  stove  receives  35,000  cu.  ft.  of  blast- 
furnace gas  per  minute.  The  heating  value  of  this  gas  is  98  B.t.u.  per 
cubic  foot  and  its  volumetric  composition  is: 

CO,    CO     Ha    CH4    H2O     O2     N2 
14.0   24.0    3.5     0.5      3.0    0.0   55.0 

The  gas  is  at  a  temperature  of  600°  F. 

The  stove  discharges  61,000  cu.  ft.  of  gases  at  550°  F.  and  of  the  follow- 
ing volumetric  composition. 

CO2    H2O    O2      N2 
22.1     4.3     2.0    71.6 

The  temperature  of  the  air  that  is  used  for  burning  the  gas  in  the  stove 
is  50°  F. 

The  stove  (while  on  air)  heats  100,000  cu.  ft.  of  air  from  50°  F.  to 
1,100°  F.  for  every  35,000  cu.  ft.  of  the  original  blast-furnace  gas. 
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All  volumes  are  measured  under  standard  conditions  of  temperature 
and  pressure. 

What  is  the  efficiency  of  the  stove? 

rr.u  4.     m  -  Heat  output]     ,,  ^^ 

The  per  cent,  efficiency  iSxr    r-- tt-  x\  X  100. 

^  ^     Heat  mput  (net) 

Heat  injnU:  B.t.u. 

Heat  of  combustion  of  35,000  cu.  ft.  at  98  B.t.u.  «  3,330,000 

(From  Plate  1)  Sensible  heat  in  35,000  cu.  ft.  gas  at  600°  F. 

36,000  [16.2  X  0.14  +  11.6  X  (0.24  +  0.035  +  0.55)  +  14.1  X 
0.03  +  17.0  X  0.005]  «  632,250 

(From  Plate  1)  Since  the  air  required  for  combustion  is  30,7(X)  cu.  ft. 

(by  calculation),  the  sensible  heat  in  it  at  50°  F.  is  30,700  X  0.9  «      27,630 


Gross  heat  input  of  stove,  3,989,880 

Deduct  sensible  heat  in  61,000  cu.  ft.  gases  at  550°  F. 

61,000  [14.7  X  0.221  +  12.9  X  0.043  +  10.6  X  0.736]  =  703,330 


Net  heat  input  of  stove,  3,286,550 

Heat  outjnU: 

(From  Plate  I)  Sensible  heat  in  100,000  cu.  ft.  air  at  1,100°  F. 

100,000  X  21.6  -  2,160,000 

(From  Plate  I)  Sensible  heat  in  100,000  cu.  ft.  air  at  50°  F. 

100,000  X  0.9  =  90,000 


Heat  output  of  stove  »  2,070,000 

Efficiency  of  8love: 

^  ^     ^  .  2,070,000       ^- 

Per  cent,  efficiency  =  -„  ogfi  'i'id  "*       ^^  ^ 

Example  4 

Find  the  theoretical  temperature  of  combustion,  or  '^pyrometric 
effect,"  of  the  blast-furnace  gas  in  Example  3. 

The  total  sensible-heat  capacity  of  the  61, (XX)  cu.  ft.  of  the  products 
of  combustion  is  3,989,880  B.t.u.,  or  65.4  B.t.u.  per  cubic  foo^ 

The  composition  of  the  products  of  combustion  is: 

CO2      H2O      O2      N2 
22. x       4.3      2.0    71.6 

The  theoretical  temperature  of  combustion  t  is  found  by  the  formula: 

^  *iPi£i  +  ^2V202  +  tsPsCa  +  etc. 
PiCi '+  P2C2  +  P3C8  +  etc. 

in  which,  ti,  t2,  iz,  etc.,  are  the  theoretical  temperatures  of  combustion 
of  each  of  the  constituent  gases,  if  we  consider  for  a  moment  that  the  gases 
contain  only  that  constituent  and  no  other.  In  other  words  ti,  t2,  ts,  etc., 
are  the  temperatures  corresponding  to  the  points  of  intersection  of  the 
curves  on  Plate  I  with  an  ordinate  drawn  through  65.4  B.t.u. 

Digitized  by  VjOOQ  IC 


2196    CUBVES  FOB  THE  SENSIBLE-HEAT  CAPACITT  OF  FUBNACE  OA8B8 

Pi)  Viy  Ptf  etc.,  are  equal  to  the  volumetric  percentage  of  each  con- 
stituent gas. 

Ci;  Cs,  c$,  etc.,  are  equal  to  the  mean  specific  heat  of  1  cu.  ft.  of  each 
constituent  gas  between  t  and  ti,  t  and  tc,  etc,  and  are  obtained  by  reading 
the  specific  heats  from  the  curves  of  Plate  III  just  above  or  below  the 
temperatures  ti,  ta,  ts,  etc.,  so  that  the  readings  will  be  very  closely  the 
mean  specific  heats  between  t  and  ti,  t  and  ta,  etc. 

For  a  full  explanation  of  the  method  of  obtaining  the  formula  for  the 
theoretical  temperature  see  Appendix  B. 

In  this  particular  example  we  shall  let  the  subscripts  1,  2,  3,  and  4 
represent  respectively,  COi,  H2O,  O2,  and  N2. 

From  Plate  I,  we  obtain  by  erecting  an  ordinate  through  65.4  B.t.u. 

ii  =  2,045*^  F.,  ti  =  2,520^  F.,  U  and  U  =  3,075^  F. 
From  Plate  III,  we  obtain: 

ci  =  0.0385,  cj  =  0.0335,  Cg  and  C4  =  0.0235 
From  the  analysis: 

pi  =  22.1,  pt  =  4.3,  Pi  =  2.0,  pi  =  71.6 

Substituting:  t  = 

(2,045  X  22.1  X  0.0385)  4-  (2,520  X  4.3  X  0.0335)  +  (2.0  +  71.6)  (  3,075  X  0.0235) 
(22.1  X  0.0335)  +  (4.3  X  0.0335)  +  (73.6  X  0.0235) 
7,423 


2.725 


=  2,724*F. 


Appendix  A 

Method  of  Transforming  the  EquaUon  for  Specific  HeaJt  into  the  Eguaium 

for  Mean  Specific  Heat 

Let  the  curve  in  Fig.  1  represent  the  general  equation  for  specific  heat, 

Cp  =  A  +  BT  +  CT*  +  DT»  +  etc. 

In  which  A,  B,  C,  D,  etc.,  are  constants  and  T  is  the  temperature. 
Let  Ti  and  T2  be  any  two  temperatures  on  the  curve. 
The  mean  specific  heat  Cm  between  Ti  and  T2  will  therefore  be, 

/rp   X    rpy,  __  CjdTi  4"  c,dT,  +  c»dT,  +  .    ■   .  +  c»dT» 
C„(li  to  I2;  -        ^^^  +  dT,  +  dT.  +  .   .   .  +  dT, 

As  dT  decreases  without  limit, 

cdT      I     cdT 

(     dT       T2  -  Ti 
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Substituting  the  general  equation  for  c, 

Cm(Ti  to  T,)  -    I       (A  +  BT  +  CT»  -h  DT»  +  etc.)dT 


r- 


,     T, -Ti 
A(T,  -  Ti)  +  I  (Ta*  -  Tx»)  +  ^  T,»  -  Ti»)  +  etc. 
""  T, -Tx 

=  A  +  I  (T,  +  Ti)  +  ^  (T2»  +  TiT,  +  Ti«)  +  etc. 
When  Ti  =  0, 

c«(0  to  T)  -  A  +|t  +  ^T»  +  etc. 

Appendix  B 

Derivation  of  Formula  for  Finding  the  Theoretical  Temperature  of 

Combustion 

Consider  the  products  of  combustion  of  a  combustible  gas  as  made  up 
of  several  constituent  gases,  which  we  shall  call  Gas  1,  Gas  2,  Gas  3,  etc. 

In  Fig.  2,  the  curves  represent  the  sensible-heat  capacity  curves  for 
the  series  of  constituent  gases,  Gas  1,  Gas  2,  Gas  3,  etc. 

Q  =  sensible-heat  capacity  of  the  combined  gases  of  combustion  from  0° 

tot**. 
Qi>  Q»>  Q«,  etc.  =   ditto  for  Gases  1,  2,  3,  etc.,  from  0®  to  ti,  tj,  t|,  etc. 
t  =  theoretical  temperature  of  combustion  of  the  gas  ti,  ti,  ti,  etc. 

=  theoretical  temperature  of  combustion  if  the  total   product 

of  combustion  were  only  one  gas,  Gas  1,  Gas  2,  etc. 
Pi>  Vtf  Pti  etc.  ==  portions  of  Gas  1,  Gas  2,  Gas  3,  etc.,  in  the  products 

of  combustion. 

It  is  evident  that  Q  =  piQi  +  P2Q2  +  PsQs  +  etc. 

From  the  figure  Qi=  Q  OQi,  and  Q2  =Q  +  OQ2,  etc. 

/.Q  =  pi(Q  +  OQi)  +  P2(Q  +  6Q2)  -h  etc. 
whence, 

Q  «=  Q  (Pi  +  P«  +  etc.)  +  (piOQi  +  P2OQ2  +  etc.) 
Since 

Pi  +  Pa  +  Ps  +  etc.  =  1 

PiOQi  +  P»^2  +  etc.  =  0  (1) 

It  is  evident  that  

t  =  ti  +  tlo  =  t2  +  tjO  =  etc.  (2) 

Let  mi,  mi,  mi  =  average  slopes  of  curves  connecting  the  points  Qi  and 
ti,  Qs  and  tsi  etc. 
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Then  _ 

OQi  =  - -'     OQ2  =    — '  etc. 
mi  m2 

Substituting  these  values  in  equation  (1),  we  get 

£-  *iO  +  iJ'  y  +  etc.  =  0  (3) 

mi  m« 

From  equations   (2)   and   (3)   we  get   the   following   simultaneous 
equations: 

^^   tiO  +  -^^  tijO  +  etc.  =  0 
mi  m2 

ti  -  t2  =  t20  -  tiO 
ti  -  ts  =  tjO  -  tiO 
Solving  for  tiO  and  substituting  in  t  =  tiO  +  ti 

P'*'     P'*'  +  etc. 
_   mi       m2 

"PL  +  P*  +etcr 
mi      m2 

Since  the  reciprocal  of  the  slope  is  the  specific  heat  and  the  reciprocal 
of  the  average  slope  is  the  mean  specific  heat,  we  have: 

1 

—  =  c 
m 

.     ^  tiPiCi  +  t2P2C2  +  tsPaCs  +  etc^ 
PiCi  +  P2C2  +  P8C3  +  etc. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  perron  at  the 
Salt  Lake  meeting  Auguett  1914,  when  an  abetraot  of  the  paper  will  be  read.  If  thia  is  imposaibla, 
then  disenssion  in  wiitins  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Encineera,  29  West 
39th  Street,  New  York,  N.  z..  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrancement  is  made,  the  discussion  of  this  paper  wiU  dose  Oct.  1.  1914.  Any  discussion 
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The  Slime-Concentrating  Plant  at  Anaconda 
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(Salt  Lake  Meeting  August,  1914) 
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I.  Introduction 

The  new  slime-concentrating  plant  at  the  Washoe  Reduction  Works, 
Anaconda,  was  put  into  operation  during  March,  1914.  This  plant,  which 
has  a  capacity  of  26,000,000  gal.  of  slime  pulp  carrying  2,500  tons  of 
solid  matter  per  day,  consists  of  Dorr  thickeners  and  Anaconda  multiple- 
deck  slime  concentrators.  This  plant  is  the  culmination  of  a  great  deal 
of  experimental  work  extending  over  a  considerable  period  of  time,  which 
work  will  be  described  briefly  in  the  following  pages. 

II.  The  Sources  and  Amount  of  Slime 

Up  to  the  beginning  of  this  year,  the  ore  from  the  Anaconda  company's 
mines  in  Butte,  Mont.,  has  been  concentrated  both  at  the  Gkeat  Falls 
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plant  and  at  the  Anaconda  plant,  the  former  plant  treating  about  3,000 
and  the  latter  about  9,500  tons  per  day.  This  year  it  was  decided  to  do 
all  of  the  concentrating  at  the  Anaconda  plant,  which  decision  of  course 
confines  our  slime  problem  to  this  plant  alone.  At  present  larger  rolls 
and  additional  tables  and  trommels  are  being  installed  in  the  Anaconda 
mill  to  handle  the  additional  tonnage.  When  milling  at  the  rate  of 
12,500  tons  per  day  there  will  be  produced  2,500  tons,  20  per  cent,  of  the 
ore  fed  to  the  mill,  of  material  which  cannot  be  concentrated  in  the  mill 
on  account  of  its  extreme  fineness.  This  material  is  known  locally  as 
"slime''  and  95  per  cent,  of  it  will  pass  a  200-mesh  (0.08  mm.)  screen. 
The  flow  sheet  of  the  Anaconda  mill  showing  the  sources  of  this  slime  was 
given  in  a  paper  presented  at  the  Butte  meeting,  August,  1913,  by  A.  E. 
Wiggin,  entitled  The  Great  Falls  System  of  Concentration  installed  in 
Section  No.  1  of  the  Washoe  Concentrator  at  Anaconda.^ 

The  2,500  tons  of  solid  matter  is  contained  in  about  26,000,000  gal.  of 
pulp.  Heretofore  this  material  has  been  sent  to  six  large  slime  ponds 
300  by  600  ft.  by  about  15  ft.  deep,  which  were  operated  in  cycles,  three 
being  used  in  parallel  when  possible.  The  settlement  was  excavated  and 
piled  at  the  end  of  the  ponds  by  Lidgerwood  bucket  excavators.  This 
material  was  then  sent  to  the  briquetting  plant  at  the  blast-furnace  de- 
partment, where  it  was  used  as  a  binder  in  briquettes  consisting  of  fine 
concentrate  and  fine  first-class  ore  screenings.  The  smelter  could  handle 
not  over  25  per  cent,  of  the  production  of  slime  and  the  smelting  of  this 
material  was  expensive  on  account  of  its  high  insoluble  content. 

III.  The  Composition  of  the  Slime 

Physically  the  slime  may  be  said  to  consist  of  granular  and  colloidal 
material.  Elaborate  settling  tests  have  shown  that  the  colloidal  matter 
amounts  to  about  35  per  cent,  of  the  total  material  and  carries  about  21 
per  cent,  of  the  total  copper. 

Chemically  the  slime  has  the  following  average  analysis: 

Cu,  SiO,,         A1,0,,       Sulphur,         CaO,         FeO,  Oz.  Per  Ton 

Per  cent.   Per  cent.    Per  cent.     Per  cent.    Per  cent.  Per  cent.       Ag  Au 

2.10  61.0  19.0  4.4  0.6  4.1  1.8        0.005 

IV.  The  Experimental  Development  of  the  Anaconda  Slime  Plant 

1.  The  GrecU  Falls  Slime  Plard  and  Experimental  Work 

During  1904,  a  slime-concentrating  plant  was  erected  at  Great  Falls 
of  sufficient  size  to  treat  about  one-sixth  of  the  total  slime  produced  in  the 
mill,  or  about  100  tons  of  slime  per  day.     This  plant  consisted  of  32 

^BuUetin  No.  80,  August,  1913,  pp.  1818,  1819. 
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8-ft.  Callow  cones  for  the  thickening  of  the  slime  pulp  and  16 17-ft.  round- 
table  decks  for  the  concentration  of  the  thickened  pulp.  The  round 
tables  were  second-hand  wooden  frame  and  deck  tables  which  had  been 
displaced  in  the  sand  mill  by  Wilfley  tables.  The  slope  of  the  deck 
surfaces  varied  considerably,  largely  due  to  the  warping  of  the  wooden 
decks  and  frames.  Later  some  of  the  wooden  decks  were  covered  with 
linoleum,  rubber,  cement,  and  canvas  and  these  various  surfaces  tested. 
It  was  found  that  canvas  gave  the  highest  recovery  but  this  was  at  the 
expense  of  the  grade  of  the  concentrate,  while  linoleum,  rubber,  and  wood 
gave  a  cleaner  concentrate,  but  a  lower  recovery.  Cement  seemed  to  fall 
between  the  two  groups,  although  the  work  of  this  form  of  deck  is  largely 
dependent  upon  the  character  of  the  finish  given  the  cement.  (The 
'^cement"  was  in  reality  a  concrete  containing  about  one  part  cement  to 
two  parts  sand.)  It  was  concluded  that  the  cement  surface  was  the  best 
adapted  to  the  work,  particularly  because  of  its  durability,  and  that  the 
framework  should  be  steel,  as  cement  laid  over  a  wooden  deck  and  fram- 
ing was  not  at  all  satisfactory.  It  was  decided  then  to  build  a  four-deck 
concrete-and-steel  round  table,  the  decks  being  supported  on  a  central 
shaft  and  spaced  about  4  ft.  apart.  Before  building  this  table,  however, 
it  was  necessary  to  determine  the  proper  slope  of  deck  surface,  as  the 
decks  of  the  tables  in  the  slime  plant  at  that  time  had  slopes  varying  from 
1  to  li  in.  per  foot.  An  extensive  series  of  experiments  was  carried 
out  during  1909,  covering  a  period  of  about  six  months,  to  determine  not 
only  the  proper  slope  of  deck  surface  but  also  the  proper  density  of  pulp, 
the  proper  speed  of  revolution  of  the  table,  and  the  relation  between 
the  recovery  and  the  grade  of  concentrate.  A  sector  of  a  round  table 
the  slope  of  which  could  be  varied  was  used  in  making  these  experiments. 
Slopes  ranging  from  J  in.  per  foot  to  2  in.  per  foot  (4  per  cent,  to  16  per 
cent.)  were  tried,  the  intervals  being  J  in.  per  foot.  This  work  proved 
conclusively  that  the  best  slope  of  deck  surface  for  the  concentration  of 
this  sUme  is  1}  in.  per  foot  (10  per  cent.).  At  slopes  less  than  1|  in. 
per  foot  it  was  found  that  a  considerable  portion  of  the  gangue  was 
deposited  beneath  the  mineral  and  was  not  displaced  by  the  mineral, 
the  mineral  seemed  to  form  a  veritable  blanket  over  the  gangue  material. 
This  condition,  of  course,  resulted  in  a  very  low-grade  concentrate  as  it 
was  impossible  to  wash  out  the  gangue  without  a  heavy  loss  of  the  mineral. 
At  slopes  greater  than  If  in.  per  foot  the  loss  of  the  valuable  minerals 
became  excessive,  due  to  the  more  rapid  pulp  flow. 

It  was  shown  that  a  density  of  pulp  of  from  8  to  12  per  cent,  solids 
was  best  adapted  to  round-table  concentration.  Too  great  a  density 
makes  the  pulp  too  viscous  and  does  not  permit  of  a  proper  separation 
of  the  mineral  from  the  gangue  material.  Too  low  a  density  cuts  down 
the  capacity  of  the  table  unnecessarily.  The  water  contained  in  the  feed 
pulp  plays  an  important  part  in  the  dressing  of  the  concentrate  by  remov- 
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ing  a  great  deal  of  the  gangue  material.  It  had  been  the  practice  in  the 
Great  Falls  slime  plant  to  feed  the  deck  over  one-half  of  its  surface,  dress- 
ing with  clean  water  over  about  seven-sixteenths  of  the  surface  and 
removing  the  concentrate  by  strong  jets  of  water  on  the  remaining 
one-sixteenth  of  the  surface.  Our  experimental  work  showed  that  the 
deck  could  be  fed  to  advantage  over  about  three  fourths  of  its  surface 
leaving  about  one-fourth  for  dressing  and  removing  the  concentrate.  We 
also  determined  that  the  best  speed  of  revolution  was  from  4  to  6  min. 
per  revolution.  This  work  also  showed  that  it  is  possible  to  make  a  net 
recovery  of  54  per  cent,  of  the  copper  and  silver  in  a  concentrate  assaying 
6.5  per  cent,  copper,  or  better,  from  a  slime  feed  containing  about  2.25 
per  cent,  copper.  At  the  time  this  work  was  carried  out  the  slime  pro- 
.duced  from  the  Great  Falls  mill  was  quite  similar  in  character  to  that 
produced  in  the  Anaconda  mill  to-day.  It  did  settle  somewhat  more  read- 
ily, the  capacity  of  settling  tanks  on  the  Great  Falls  slime  being  about  40 
per  cent,  greater,  when  settling  95  per  cent,  of  the  solid  matter,  than  the 
same  settling  tanks  when  treating  the  present  Anaconda  slime. 

The  Great  Falls  slime  plant  as  a  unit  never  made  a  very  satisfactory 
net  recovery,  due  to  the  fact  that  the  settling  capacity  was  inadequate 
and  to  the  poor  condition  of  the  round  tables,  which  were  for  the  most  part 
second-hand  wooden  tables.  As  there  was  not  slime-plant  capacity  for 
the  treatment  of  all  of  the  slime  produced  in  the  mill  it  was  the  policy 
of  the  management  to  overfeed  the  slime  plant  and  in  that  way  produce 
more  copper,  although  at  a  sacrifice  in  recovery. 

A  great  deal  of  credit  should  be  given  to  Dr.  R.  H.  Richards  for  valu- 
able suggestions  made  during  this  work  at  the  Great  Falls  plant. 

2.  The  Experimental  Work  Done  at  Anaconda 

During  1912  the  Great  Falls  system  of  concentration  was  installed  in 
the  No.  1  section  of  the  Anaconda  mill.  This  system  had  been  developed 
at  Great  Falls  for  the  treatment  of  Butte  ore.  The  round-table  concen- 
tration of  the  slime  was  a  part  of  this  system,  and  in  connection  with  the 
installation  of  the  system  in  section  No.  1  of  the  Anaconda  mill  a  slime 
section  consisting  of  24  8-ft.  Callow  settling  tanks  and  two  four-deck 
steel-and-concrete  round  tables  was  installed  to  treat  the  slime  from  the 
remodeled  section.  The  slime  section  was  built  to  confirm  our  Great 
Falls  test  data  and  had  a  capacity  of  about  425,000  gal.  of  slime  pulp  per 
day,  or  approximately  20  per  cent,  of  the  slime  produced  in  section 
No.  1  of  the  mill.  We  anticipated  from  our  Great  Falls  data  that 
the  24  Callow  tanks  would  have  a  capacity  of  600,000  gal.  when  set- 
tling at  an  efficiency  of  95  per  cent.,  but,  owing  to  the  fact  that  tlje  Ana- 
conda slime  has  a  lower  rate  of  settling  than  the  Great  Falls  slime,  we 
found  our  capacity  to  be  only  425,000  gal.  of  pulp,  or  12.3  gal.  per  tank 
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per  minute,  which  is  equivalent  to  0.286  gal.  per  square  foot  of  settling  area 
per  minute.  This  amount  of  pulp  carried  about  35  tons  of  solid  matter,  so 
that  our  eight  round-table  decks  were  somewhat  underloaded. 

This  experimental  slime  plant  was  operated  for  a  period  of  14  months 
during  which  time  a  great  deal  of  test  work  was  carried  out. 

(a)  The  Slime-Thickening  Devices, — The  slime  pulp  leaves  the  mill 
at  a  density  of  2  per  cent,  solids,  and  as  the  mechanical  concentration 
requires  a  density  of  about  10  per  cent,  the  first  step  in  the  treatment  of 
the  slime  is  to  remove  the  excess  water. 

Considerable  experimental  work  has  been  done  by  C.  D.  Demond, 
head  of  the  Washoe  Reduction  Works  testing  department,  on  the  use 
of  baffles  in  tanks  for  the  settlement  of  slime.  We  also  carried  on  a  series 
of  experiments  using  the  Kuchs-Laist  centrifugal  colloid  separator  to 
eliminate  the  colloidal  material  from  the  slime,  treating  only  the  granular 
portion  on  the  concentrating  machines.  The  work  of  this  machine  was 
very  satisfactory  and  the  net  recovery  from  the  slime  was  slightly 
greater  than  that  made  when  concentrating  the  entire  slime  with  the 
colloid  included.  It  would,  however,  have  taken  considerable  time  to 
perfect  a  full-sized  machine  and  for  this  reason  the  development  of  the 
machine  was  dropped.  A  great  deal  of  experimental  work  was  done  also 
upon  the  Garred  filter  as  a  slime-thickening  device  but  it  was  found  that 
a  filter  was  not  practical  for  the  thickening  of  such  a  low-density  slime 
pulp  (2  per  cent,  solids)  to  a  relatively  low-density  pulp  of  about  10 
per  cent,  solids.  The  details  of  the  above  experiments  are  given  in  a 
paper  by  Ralph  Hayden  presented  at  the  Butte  meeting  of  this 
society  (August,  1913). 

During  the  early  part  of  1913,  a  Dorr  continuous  thickener,  28  ft. 
in  diameter  by  10  ft.  deep,  was  installed  at  the  experimental  slime 
plant.  This  thickener  had  a  capacity  of  195,000  gal.  per  day  when  oper- 
ating at  about  95  per  cent,  efficiency,  or  135  gal.  per  minute,  which  is 
equivalent  to  0.236  gal.  per  square  foot  of  settling  area  per  minute.  Con- 
trary to  our  expectations  the  28-ft.  Dorr  thickener  showed  a  slightly 
less  capacity  per  square  foot  of  settling  surface  than  the  8-ft.  Callow  cones. 
The  comparative  results  showed,  however,  that  the  settling  area  is  a  far 
more  important  factor  than  the  length  of  the  overflow  weir,  as  the  24 
Callow  cones  had  a  total  weir  length  of  560  ft.  while  the  Dorr  thickener 
weir  was  but  85  ft.  long.  However,  the  effective  weir  length  of  the  Callow 
tanks  was  probably  not  over  280  ft.  on  account  of  the  very  delicate 
adjustment  of  the  overflow  bands  that  was  required  when  the  head  on 
the  weir  was  so  extremely  small.  Realizing  the  importance  of  a  large 
settling  area  we  next  conceived  the  idea  of  a  slime-thickening  device 
composed  of  a  number  of  superimposed  shallow  trays.  Our  idea  was  to 
feed  these  trays  at  one  end  with  the  slime  pulp,  allowing  the  clear  water 
to  overflow  at  the  other  end  and  the  thickened  pulp  to  collect  in  the  tray. 
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Periodically  the  trays  would  be  mechanically  tilted  at  a  steep  angle  and 
the  thickened  pulp  would  be  discharged.  The  trays  would  then  resume 
a  horizontal  position  and  the  cycle  would  repeat  itself.  We  constructed 
a  shallow  tray  for  testing  purposes  but  did  not  make  the  tests  because 
this  arrangement  of  trays  had  suggested  to  us  the  possibility  of  superim- 
posing the  Dorr  thickener  tanks.  The  Dorr  thickeners  had  the  advantage 
over  the  tray  thickener  of  continuous  operation  and  we  decided,  therefore, 
to  drop  the  tray  thickener  for  the  time  being.  We  found  that  the  use  of 
28-ft.  diameter  tanks  3  ft.  deep  permitted  of  the  superimposing  of  the 
tanks  without  getting  into  too  heavy  steel  work  for  supports.  We 
therefore  made  a  test  to  determine  the  capacity  of  the  28-ft.  diameter 
Dorr  thickener  when  operated  at  a  depth  of  3  ft.  This  we  found  to  be 
163,000  gal.  per  day,  0.200  gal.  per  square  foot  of  settling  area  per  minute. 
This  is  85  per  cent,  of  the  capacity  of  the  10  ft.  deep  tank.  At  the 
suggestion  of  H.  W.  Spicer  of  the  Dorr  Cyanide  Machinery  Co.,  we  also 
tested  the  28-ft.  tank  at  a  depth  of  2  ft.,  and  found  that  at  this  depth  it 
had  about  85  per  cent,  of  the  capacity  of  the  3  ft.  deep  tank.  We 
finally  decided  to  adopt  the  Dorr  continuous  thickener,  using  tanks  28 
ft.  in  diameter  by  3  ft.  deep,  as  being  the  most  economical  and  efficient 
form  of  slime-thickening  device.  The  power  required  to  operate  the  rakes 
which  scrape  the  thickened  slime  to  the  central  discharge  is  less  than 
i  h.p.  per  tank  for  the  28  by  3  ft.  unit.  The  arms  carrying  the  rakes 
are  set  horizontal,  or  parallel  to  the  bottom,  in  the  3  ft.  deep  tank. 

(b)  Slime  Concentrators. — During  the  first  eight  months  of  operation 
of  the  experimental  plant  the  four-deck  round  table  was  thoroughly  tested. 
These  tests  included  the  production  of  a  low-grade  concentrate  on  the 
round  table  with  subsequent  treatment  on  one  of  the  standard  reciprocat- 
ing-deck  slime  concentrators.  The  latter  machine  made  a  high-grade 
concentrate  and  a  rich  middling  which  was  returned  to  the  round-table 
system.  It  was  found  that  this  flow  sheet  did  not  give  as  good  com- 
mercial results  as  the  production  of  a  clean  concentrate  directly  from  the 
round  table  requiring  no  secondary  treatment.  Among  other  arrange- 
ments we  tried  treating  the  round-table  middling  on  a  reciprocating  table 
making  a  concentrate,  middling  (returned  to  the  round  table),  and  tailing. 
However,  neither  this  nor  the  treatment  of  the  round-table  middling  on  a 
separate  round-table  deck  gave  as  good  results  as  simply  mixing  all  of  the 
round-table  middling  with  the  original  table  feed  for  treatment. 

A  great  deal  of  experimental  work  was  done  on  the  Peck  centrifugal 
slime  concentrator,  although  this  work  was  not  carried  on  at  the  experi- 
mental slime  plant. 

Several  of  the  standard  slime  concentrators,  which  are  among  the 
latest  types  on  the  market  to-day,  were  tested  quite  thoroughly.  The 
results  of  these  tests,-  compared  with  the  work  of  the  round  table  under 
operating  conditions,  showed  that  the  round  table  is  the  most  efficient 
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and  economical  slime  concentrator.  It  was  therefore  decided  to  adopt 
the  round  table  in  the  new  slime-concentrating  plant. 

As  noted  previously,  the  round  tables  in  the  experimental  slime 
plant  were  four-deck  machines  with  the  central  shaft  support  and  the 
decks  spaced  about  4  ft.  apart.  To  make  the  machine  more  compact, 
thereby  cutting  down  the  first  cost  of  the  plant,  we  decided  to  build  a 
20-deck  round  table,  the  decks  to  be  spaced  1  ft.  between  centers.  The 
last  six  months  of  operation  of  the  slime  plant  was  devoted  to  the  develop- 
ment and  testing  of  a  20-deck  machine.  (See  Figs.  3  and  4.) 

The  entire  table  was  made  of  steel  and  concrete.  The  central  shaft 
support  was  eliminated,  the  framework  carrying  the  20  decks  being 
supported  at  the  periphery  by  wheels  which  ran  on  a  circular  track.  The 
individual  decks  consisted  of  sheet  steel,  supported  by  uprights  at  the 
periphery  but  self-supporting  at  the  center,  upon  which  was  laid  a  layer 
of  concrete  (1  part  cement  to  2  parts  of  sand).  This  concrete  formed  the 
concentrating  surface  and  was  given  a  finish  similar  to  that  of  a  medium- 
weight  canvas.  Suitable  steel  launders  were  arranged  around  the  outer 
edge  of  the  decks  to  receive  the  products  of  concentration,  two  decks 
discharging  into  one  launder.  At  the  center  and  extending  through  each 
deck  was  an  opening  4  ft.  in  diameter  in  which  was  placed  a  stationary 
steel  tower.  This  tower  carried  the  water  and  feed  pulp  pipes  %nd  a 
ladderway  making  each  deck  easily  accessible.  The  feed  pulp  and  wash 
water  were  supplied  from  a  circular  launder  at  the  head  of  each  deck. 
The  entire  structure  carrying  the  decks  was  revolved  at  the  rate  of  15 
times  an  hour,  the  power  being  supplied  from  a  5-h.p.  motor  placed  be- 
neath the  table  and  engaging  through  a  train  of  gears  a  circular  rack  placed 
near  the  periphery  of  the  framework  beneath  the  bottom  deck.  The 
actual  power  required  to  drive  the  table  under  working  conditions  was 
3  h.p.     The  decks  sloped  li  in.  per  foot  and  were  17  ft.  in  diameter. 

The  table  was  operated  for  about  six  months  and  proved  to  be  en- 
tirely successful.  It  was  therefore  decided  to  adopt  this  type  of  concen- 
trator in  the  new  slime  plant.  Only  a  few  minor  changes  were  made  in  th.e 
design  of  the  20-deck  table,  such  as  increasing  the  diameter  of  the  decks 
to  19  ft.  and  substituting  manganese-steel  wheels  and  rail  in  place  of 
chilled  cast  iron.  The  table  occupies  a  floor  area  equivalent  to  a  circle 
about  21  ft.  in  diameter  and  the  20-deck  table  has  a  height  over  all,  in- 
cluding the  automatic  feed  pulp  distributor,  of  about  35  ft.  The  20-deck 
machine  will  handle  140  tons  of  Anaconda  slime  (dry)  per  day  including 
the  treatment  of  the  middling.  The  net  concentrating  area  per  ton  of 
total  feed  (including  the  returned  middling)  is  37  sq.  ft. 

The  results  shown  in  the  following  tabulation  are  typical  of  the 
round-table  work  and  are  obtained  from  an  eight-day  test  made  during 
April,  1913.  As  we  did  not  have  sufiicient  settling  capacity  at  this  time 
to  supply  feed  to  the  20  decks  only  eight  decks  were  used. 
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Test  on  20-Deck  Round  Table.    Middling  Returned  to  Table  for 

Treatment 


Product 


Rate  per  24  Hr.    !        Assay         Per  Cent,  of  Total 

I  I  I 


Gallons      Pounds  |    ^        _      ,   !    a  ,.j 
Pulp      !    Solids    '    ^^      ^""^^^    ^^^^^ 


Copper 


Feed 87,290   i  93,730   |  1.96 

Concentrate 69,000    i  13,050    ,  7.02  i  58.8 


104.6 
14.6 


TaUing I  134,580   ;  76,540   i  1.13    j     85.4 


102.8 
51.6 

48.4 


Totkl  Produced '  203,580      89,590  J  1 


100.0     j  100.0 


Per  cent,  of  copper  in  original  slime  recovered 51 .6 

Tons  treated  per  deck,  excluding  middling 6.6 

The  round  table  requires  about  3  gal.  of  dressing  water  per  deck  per 
minute  and  about  6  gal.  of  water  to  remove  the  concentrate  per  deck  per 
minute.  Fully  80  per  cent,  of  the  latter  water  is  recovered  in  the  de- 
watcring  of  the  concentrate  and  can  be  re-used. 

It  is  our  practice  to  feed  the  round-table  deck  over  about  70  per  cent, 
of  its  surface,  supply  dressing  water  over  about  18  percent,  of  the  surface, 
and  to  use  the  remaining  12  per  cent,  of  the  surface  for  the  removal  of 
the  concentrate.  The  amount  of  deck  surface  required  for  the  dressing 
water  is  directly  proportional  to  the  grade  of  concentrate  desired,  the 
higher  the  grade  the  greater  the  dressing  surface  required.  Approxi- 
mately one-half  of  the  material  removed  by  the  dressing  water  enters  the 
middling  and  is  returned  to  the  table  for  treatment  with  the  original 
feed.  The  middling  amounts  to  from  8  to  10  per  cent,  of  the  original  feed 
tonnage  and  carries  about  5  to  6  per  cent,  of  the  total  copper. 

(c)  Dewaiering  of  the  Slime  Concentrate, — The  slime-plant  concentrate 
leaves  the  tables  at  a  density  of  about  3  per  cent,  solids.  It  is  of  course 
necessary  to  dewater  this  material  for  treatment  in  the  smelter.  We 
decided  to  try  a  Dorr  thickener  followed  by  an  Oliver  filter  as  a  dewater- 
ing  system.  In  our  experimental  work  we  used  a  Dorr  thickener  28  ft. 
in  diameter  by  10  ft.  deep,  and  a  6-ft.  continuous  Oliver  filter.  The  pulp 
was  thickened  to  a  density  of  approximately  50  per  cent,  solids  in  the 
Dorr  thickener  and  then  fed  to  the  Oliver  filter.  Our  tests  showed  that 
the  Dorr  thickener  would  treat  250,000  gal.  of  concentrate  pulp  contain- 
ing about  3  per  cent,  solids  and  thicken  it  to  a  density  of  from  50  to  60 
per  cent,  solids  at  practically  100  per  cent,  efficiency.  The  Oliver  filter 
had  a  capacity  of  about  125  tons  of  solids  contained  in  a  pulp  having  a 
density  of  55  per  cent.,  when  producing  a  cake  carrying  not  over  15  per 
cent,  moisture.  The  filter  was  operated  under  the  "wet''  system;  that  is, 
one  Roots  rotary  pump  handled  both  air  and  water  in  producing  the 
vacuum.     The  average  vacuum  maintained  was  about  16  in. 
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(d)  The  Use  of  Chemicals  to  Accelerate  the  Settlement  of  Slime. — 
Ferrous  Sulphate:  Two  8-ft.  Callow  cones  were  used  in  a  test  to  de- 
termine the  efficiency  of  ferrous  sulphate  as  an  accelerator  in  slime 
settlement.  The  two  cones  were  operated  under  the  same  conditions 
of  feed,  overflow,  and  spigot  discharge,  the  latter  product  being  main- 
tained at  a  density  of  about  10  per  cent,  solids.  To  the  feed  to  one  cone 
was  added  ferrous  sulphate  in  the  proportion  of  1  lb.,  2  lb.,  and  5  lb. 
per  ton  of  solid  slime.  It  was  found  that  the  addition  of  1  lb.  per  ton 
gave  an  increase  in  capacity  of  30  per  cent.,  2  lb.  an^increase  of  40  per 
cent.,  and  5  lb.  an  increase  of  50  per  cent. 

Salt:  Some  laboratory  experiments  were  made  to  determine  the 
effect  of  salt  upon  the  rate  of  settlement  of  slime.     Using  J,    J    and 

I  lb.  of  salt  per  ton  of  dry  solids  caused  the  slime  to  settle  in  only  from 
3  to  4  per  cent,  less  time  than  the  untreated  slime.  The  salt  had  no 
efiFect  upon  the  settlement  of  the  round-table  concentrate. 

Glue  and  Ferrous  Sulphate:  Tests  to  determine  the  efficiency  of 
glue  and  ferrous  sulphate  for  the  settlement  of  slime  were  made  in  a  28 
by  10  ft.  Dorr  thickener.  The  addition  of  a  mixture  of  J  lb.  of  each 
chemical  per  ton  of  dry  slime  increased  the  capacity  of  the  Dorr  thickener 
from  195,000  to  311,000  gal.  of  pulp  per  day,  or  an  increase  of  60  per  cent. 
The  use  of  glue  and  soluble  sulphates  to  increase  the  rate  of  settlement 
of  slime  is  covered  by  U.  S.  patent  1065878,  held  by  A.  G.  French  of 
British  Columbia.  Some  laboratory  experiments  were  made  on  the 
use  of  a  mixture  of  glue  and  ferrous  sulphate  to  accelerate  the  settlement 
of  round-table  concentrate.  It  was  found  that  the  addition  of  a  mixture 
of  the  two  chemicals  in  the  proportion  of  i  lb.  of  each  per  ton  of  solids 
caused  the  same  degree  of  settlement  to  take  place  in  1}  min.  as  in 

II  min.  with  the  untreated  concentrate. 

It  was  decided,  however,  to  install  sufficient  tank  capacity  in  the  new 
slime  plant  to  thicken  the  slime  at  95  per  cent,  or  better  efficiency 
without  the  use  of  any  chemical.  This  of  course  increased  the  cost 
of  installation  but  reduced  the  subsequent  operating  expense.  However, 
the  use  of  chemicals  oflFers  a  cheap  and  simple  means  for  increasing  the 
settling  capacity  of  a  given  installation. 

(e)  The  Effect  of  Temperature  upon  the  Settlement  of  Slime, — The 
range  in  temperature  of  the  average  pulp  from  our  mill  is  from  a  mini- 
mum of  about  38®  F.  during  the  winter  months  to  a  maximum  of  50®  F. 
during  the  summer  months.  There  is  an  average  daily  range  of  about 
6  per  cent. 

C.  D.  Demond,  head  of  the  testing  department  of  the  Washoe  Re- 
duction Works,  made  an  interesting  series  of  experiments  to  determine 
the  effect  of  temperature  upon  the  rate  of  settlement  of  our  slime.  Por- 
tions of  slime  pulp  taken  from  the  main  flume  during  the  winter  months 
were  used  in  these  experiments.     The  rates  of  settlement  at  the  flume 
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temperature  and  at  other  higher  temperatures  were  determined,  the  pulp 
being  treated  by  immersing  the  container  in  warm  water.  A  depth  of 
pulp  of  17§  in.  was  used  and  the  slime  was  considered  to  have  settled 
when  the  thickened  pulp  occupied  a  volume  equal  to  one-fifth  of  the 
original.  Thus  the  density  had  been  increased  from  2  to  10  per  cent, 
solids.     The  following  table  shows  the  length  of  time  required  to  settle 


i/uc  .^uauuuua  uuui; 

sutuLur  suiut; 

irum  »  uuptu  ui  if  7  lu 

L.    I/U  07    iU.  . 

J 

Temperature, 

Time  in  Minutes 

Degrees  F.          ! 

1 

Average 

'          Maximum 

Minimum 

35 

41.7 

i              57.0 

29.5 

40 

38.0 

50.7 

27.3 

45 

35.0 

1              45.2 

25.0 

50                1 

31.7 

•      L             40.0 
36.0 

23.0 

55                1 

28.5 

20.5 

60                1 

26.0 

33.0 

18.3 

65                1 

23.3 

1              29.8 

16.0 

70 

21.2 

'              26.7 

'    13.8 

75                1 

19.5 

25.0 

12.0 

The  above  tabulation  shows  that  the  average  slime  settles  24  per 
cent,  faster  at  the  maximum  summer  temperature  of  50®  than  at  the  mini- 
mum winter  temperature  of  38®.  However,  we  find  that  the  deviations  in 
time  from  that  of  the  average  slime  are  so  great,  due  to  physical  dif- 
ferences in  the  pulp  other  than  temperature,  that  we  may  have  a  slime  pulp 
from  our  mill  which  at  a  temperature  of  40®  will  settle  in  27.3  min. 
while  pulp  from  the  same  source  at  another  time  may  require  33  min.  to 
settle  at  a  temperature  of  60°,  or  20®  higher. 

Thus  it  would  seem  that  from  a  practical  standpoint  and  in  designing 
a  slime-settling  plant  the  temperature  of  the  pulp  does  not  play  as  im- 
portant a  part  as  other  physical  characteristics.  Undoubtedly  the  vary- 
ing ratio  of  sand  to  colloid  is  the  most  important  factor  to  be  considered. 

As  far  as  the  eiBfect  of  temperatures  met  with  in  ordinary  practice  upon 
the  recovery  of  valuable  minerals  from  the  thickened  pulp  on  any  form  of 
mechanical  concentrator  is  concerned,"  the  operation  of  ouf  experimental 
plant  covering  both  summer  and  winter  months  showed  this  to  be  negligible. 

V.  Description  op  the  Anaconda  Slime  Plant 

Following  is  given  a  brief  description  of  the  new  Anaconda  slime  plant 
which,  was  put  into  operation  on  Mar.  13,  1914.  The  plant  consists  of 
three  divisions,  the  slime-thickening  division,  the  concentrating  division, 
and  the  concentrate-dewatering  division.     It  is  designed  to  treat  daily 
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26,000,000  gal.  of  slime  pulp  carrying  2,500  tons  of  solid  matter,  this  being 
the  amount  of  slime  pulp  resulting  from  the  treatment  of  12,500  tons  of 
ore  in  the  mill. 

1.  Diagrammatic  Flaw  Sheet  of  Plant 

In  Fig.  1  is  given  a  diagrammatic  flow  sheet  of  the  plant  showing  num- 
ber of  machines,  tonnages  of  solids  per  24  fair.,  and  gallons  of  pulp  per 
24  hr. 

BUme  Pulp  from  Mill  (8S00)  [28,350,000 3 


ie01>orrTankBa8'J8'(2500)[ga.350,0003 


Overflow(S0)[23,064,00Q3 
Practically  Clear  Water 

g0.9«.900Qal8.  2.064.10D  Gate. 

Available  for  use       To  Slime  Plaot 
around  works  Water  Supply 


Spigot  (g4BOH8,29e,0003 

4  (2860)  [4,832,000] 
rlpu 


[5,600,0001  Water  Req. 


g-e'Oeptrif.  PumpsQ  gpare)  S-eT'Oentrif.  Pumpsd  spare") 

1 — ; * ' 

5  Dorr.  Tanks  50\  12  (370)  [3,600,0003 


SpigofProtiLoTO)  [84.1003 
8"12'01iver  Flltersg  spare) 


QverflowI8,515.9003 


Cake  C876)  [46,7003 

Conveyor 

I 
aA.&  P.R.R.Car8 


Wj4| 


.Watert37,400J 


T 
Waste 


To  Slime  Plaftt  Water  System 


NOTE:- 

FliTurefl  In  paronthosls  denote  Tons  of 
Solids  (dry)  per  24  hours,  and  those  In 
Bracket,  Gallons  of  Pulp  or  Water. 
Based  on  Treatment  of  12,600  Tons  ot 
Ore  dally  In  Mill. 

Fig.  1. — Flow  Sheet  op  Anaconda  Sltme  Plant. 


2.  The  Slime-Thickening  Division 

The  feed  to  this  division  consists  of  the  original  slime  pulp  from 
the  mill  at  a  density  of  about  2  per  cent,  solids  and  amounting  to  about 
26,000,000  gal.  per  day  carrying  2,500  tons  of  solids.  This  division  con- 
tains 160  Dorr  thickeners  28  ft.  in  diameter  and  3  ft.  deep,  with  central 
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feed  and  peripheral  overflow,  arranged  in  batteries  four  tanks  high  (Fig.  2). 
Each  tank  is  provided  with  two  rake  arms  set  horizontal  and  making  1 
rev.  in  12  min.  About  i  h.p.  is  required  per  tank,  or  50  h.p.  for  the 
entire  division,  including  transmission.  The  tanks  are  operated  at  an 
eflBciency  of  about  98  per  cent.  The  overflow  water,  amounting  to  about 
23,000,000  gal.  per  day,  is  available  for  use  in  the  concentrating  division 
and  around  the  reduction  works.  The  concentrating  division  requires 
only  about  2,000,000  gal.  of  this  water.     The  spigot  discharge  of  the  tanks^ 


Fig.  2. — 28  by  3  Ft.  Dorr  Thickeners  in  Slime-Pulp  Thickener  Division. 

which  is  the  feed  to  the  concentrating  division,  averages  about  15  per  cent, 
density.     Four  men  per  shift  are  employed  in  this  division. 


3.  The  Concentrating  Division 

This  division  receives  as  feed  the  thickened  pulp  from  the  thickening 
division,  amounting  to  about  3,333,000  gal.  daily  carrying  2,450  tons  of 
solids.  The  pulp  passes  to  a  central  automatic  distributor  which  divides 
it  into  as  many  portions  as  there  are  concentrators  in  operation.  The 
division  contains  20  20-deck  Anaconda  multiple  concentrators  (round 
tables)  constructed  entirely  of  concrete  and  steel.     This  table  is  described 
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in  detail  earlier  in  this  paper  under  the  heading  '^SUme  Concentrators." 
Each  concentrator  is  provided  with  an  automatic  pulp  distributor  which 
gives  to  each  deck  its  proportionate  amount  of  feed.  Under  full  feed 
conditions  each  deck  will  receive  8,200  gal.  of  pulp  daily  carrying  6.1 
tons  of  solids.  The  middling,  amounting  to  about  1,600,000  g;al.  daily 
carrying  about  200  tons  of  solids,  or  8  per  cent,  of  the  original  solids,  is 
returned  to  the  original  feed  by  means  of  a  Tray  lor  6-in.  sand  pump. 
The  lift  is  approximately  45  ft.,  exclusive  of  friction.  In  addition  to  a 
middling  product  the  tables  make  a  finished  concentrate  and  a  tailing. 
The  concentrate,  amounting  to  about  3,600,000  gal.  per  day  carrying 


Fig.   3. — Top   Deck  of  Anaconda  Multiple-Deck  Concentrator  and  Feed 

Distributor. 

about  370  tons  of  solids,  or  15  per  cent,  of  the  original  slime,  is  pumped 
by  two  6-in.  Traylor  two-stage  pumps  to  the  concentrate-dewatering  di- 
vision. The  lift,  exclusive  of  friction,  is  about  105  ft.  The  tailing  is  being 
settled  and  recovered  in  the  old  slime  ponds  for  future  treatment.  The 
total  concentrating  area  is  approximately  108,000  sq.  ft.,  or  44  sq.  ft.  per 
ton  of  original  slime.  This  enormous  concentrating  area  is  contained 
in  a  building  275  by  60  ft.  Each  table  requires  not  over  3  h.p.,  or  about 
70  h.p.  for  the  plant,  including  the  driving  of  the  distributors.  There 
are  five  tablemen,  each  man  having  80  decks  under  his  care,  andonepump- 
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man,  employed  in  this  division  per  shift.  The  middling  and  concentrate 
pyraps  require  about  260  h.p.,  of  which  the  two  concentrate  puinps  use 
about  210  h.p. 


Fio.  4. — Anaconda  Multiple-Deck  Sliue  Concentrator. 


4,  The  Concentrate-Dewatering  Division 

The  feed  to  this  diviaion — concentrate  pulp  from  the  concentrating 
division — passes  first  into  five  50  by  12  ft.  Dorr  thickeners.     Each  thick- 
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ener  is  equipped  with  four  rake  arms  and  requires  about  1  h.p.  The 
pulp  is  here  thickened  from  a  density  of  about  2.5  per  cent,  to  one  of  about 
50  per  cent,  solids.  The  overflow  is  clear  water  and  is  returned  to  the 
water-supply  tank  for  the  concentrating  division.  The  thickened  pulp 
passes  to  two  12  by  12  ft.  Oliver  continuous  filters  which  produce  a  cake 
carrying  about  15  per  cent,  moisture.  This  is  comparatively  a  dry  cake, 
the  material  being  dry  enough  to  fall  apart  after  pressing  in  the  hand. 
The  cake  is  discharged  on  to  a  conveyor-belt  system  which  dumps  directly 
into  50-ton  steel  cars  for  shipment  to  the  smelter.  Three  men  per  shift 
are  employed  in  this  division.  The  Oliver  filters  require  about  30  h.p. 
each. 

5.  General 

In  addition  to  the  labor  enumerated  in  the  preceding  pages  there  are 
employed  one  superintendent  on  day  shift  only,  one  foreman  on  each 
shift,  one  sampler  on  each  shift,  and  a  repairman  and  helper  on  day  shift 
only.  This  makes  the  total  labor  requirement  48  men  per  day.  The 
total  power  requirement  for  the  plant  is  about  450  h.p.,  of  which  210  h.p. 
is  required  for  pumping  the  concentrate.  The  total  cost  of  treatment  per 
ton  of  slime  will  be  about  12c. 

The  results  of  the  first  few  weeks  of  operation  have  come  entirely  up 
to  our  expectations  as  regards  recovery  and  grade  of  concentrate.  The 
plant  has  operated  very  smoothly  from  the  start,  not  having  been  shut 
down  since  it  was  first  put  into  operation.  The  entire  plant  is  as  nearly 
automatic  in  its  operation  as  it  is  possible  to  make  a  concentrating  plant. 

It  is  an  interesting  fact  from  the  economic  standpoint  that  the  slime 
plant  is  returning  fully  200  per  cent,  on  the  investment. 

The  mechanical  construction  of  the  plant  was  carried  on  in  a  most 
satisfactory  and  efficient  manner  by  the  Washoe  Reduction  Works  engi- 
neering department,  under  the  direction  of  U.  A.  Garred,  chief  engineer, 
who  was  later  succeeded  by  W.  N.  Tanner.  The  plant  was  completed 
and  in  operation  fully  a  month  and  a  half  before  the  time  set  at  the  be- 
ginning of  the  construction  work.  The  work  was  under  the  immediate 
supervision  of  W.  C.  Capron,  assistant  chief  engineer,  and  George  E. 
Tryon,  construction  engineer. 
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[subject  to  reyision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Salt  Lake  meeting.  August,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impoeaible, 
then  diaeussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  20  West 
38th  Street,  New  York,  N.  x.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1,  1914.  Any  discussion 
offered  thereafter  should  be  in  the  form  of  a  new  paper. 


Electrostatic  Separation  at  Midvale 

BT  H.  A.  WBNTWORTH,  BOSTON,  MASS. 
(Salt  Lake  MeeUng.  August,  1914.^ 

The  Huff  electrostatic  plant  of  the  United  States  Smelting  Company 
operated  in  conjunction  with  its  wet  concentrator  at  Midvale,  Utah, 
was  the  second  plant  of  substantial  size  installed  using  the  Huff  process, 
and  the  first  plant  to  be  put  in  operation  on  the  so-called  Western  com- 
plex ores. 

In  spite  of  the  machinery  being  of  early  design  and  consequently 
embracing  many  of  the  mechanical  weaknesses  incident  to  a  pioneer 
plant  the  mill  has  operated  steadily  and  uniformly  since  the  summer  of 
1909,  about  five  years  now,  without  any  material  change  other  than  some 
re-arrangement  of  the  machinery  for  better  handling  of  the  sizes. 

The  ore,  at  present  coming  almost  entirely  from  the  company's 
mines  in  Bingham,  is  of  practically  the  same  composition  as  that  upon 
which  the  plant  was  first  put  in  operation. 

The  crude  ore,  consisting  of  the  sulphides  of  copper,  lead,  zinc,  and 
iron,  and  containing  small  amounts  of  gold  and  silver,  is  brought  by 
train  and  delivered  to  the  hoppers  of  the  wet  concentrator,  where  by  jig 
and  table  treatment,  there  are  produced  a  shipping  lead  concentrate,  a 
tailing  and  a  middling  product,  the  latter  being  conveyed  in  push  cars 
to  the  adjoining  electrostatic  mill. 

The  crude  ore  delivered  to  the  wet  concentrator  contains  from  6  to 
9 . 5  per  cent.  zinc.  At  times  the  plant  is  used  also  for  the  treatment  of 
custom  ores  from  the  Bingham  district  and  elsewhere,  and  at  such  times 
the  results  of  the  plant  vary  according  to  the  material  in  use,  but  as  by 
far  the  larger  portion  of  the  product  is  that  from  the  company's  own 
mines,  the  results  given  below  are  fairly  indicative  of  the  general  work 
obtained. 

The  accompanying  diagram  illustrates  graphically  the  flow  of  the  ore 
through  the  electrostatic  mill.  The  middling  coming  from  the  wet  mill 
containing  from  15  to  18  per  cent,  moisture  is  hoisted  while  on  the  cars 
by  an  elevator,  and  delivered  from  the  top  of  the  elevator  to  a  hopper 
over  the  drier.  The  drier  first  installed  was  of  too  low  capacity  to  take 
care  of  the  moisture  present  in  the  tonnage  to  which  the  mill  was  later 
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raised,  and  a  second  drier  was  placed  in  series  with  it.  Drying  material 
of  this  nature  requires  in  the  neighborhood  of  1  lb.  of  coal  for  6  to  7  lb. 
of  water  to  be  evaporated,  the  higher  the  moisture  the  somewhat  more 
efficient  the  use  of  the  fuel,  due  to  the  heat  wasted  in  raising  the  tem- 
perature of  the  ore  as  a  whole,  being  a  constant. 

The  drier  delivers  the  bone-dry  material  to  the  boot  of  the  main  ele- 
vator, where  it  is  raised,  and  delivered  at  the  top  of  the  mill  to  two 
Newaygo  screens  set  in  series,  each  having  a  double  vibrating  surface. 
The  feed  to  these  screens  is  practically  all  through  16  mesh,  and  mostly 
through  30  mesh.  The  top  vibrating  screen  of  the  first  Newaygo  is  a 
16-mesh  scalper,  removing  the  oversize  material,  chips,  etc.,  which  are 
delivered  to  a  bin  and  returned  again  to  the  wet  mill.  The  Newaygos 
produce  four  sizes,  through  16  on  40  mesh,  through  40  on  60  mesh, 
through  60  on  100  mesh,  and  through  100  mesh.  Of  the  total  feed,  16 
per  cent,  passes  a  200-mesh  screen;  and  of  the  material  in  the  through 
100-mesh  size,  which  is  later  treated  by  the  so-called  fines  machines, 
46  per  cent,  is  through  a  200-mesh  screen. 

From  the  Newaygos,  which  deliver  on  to  the  second  machine  floor  of 
the  mill,  each  size  of  material  passes  to  its  separate  elevator  and  is 
delivered  on  the  third  floor  to  small  hoppers  which  in  turn  empty  into 
the  separators  below. 

The  separators  are  for  the  most  part  arranged  in  units  of  three,  one 
being  above  the  other  two.  Other  arrangements  are  indicated  on  the 
flow  sheet,  the  idea  being  to  make  a  rough  split  on  the  first  machine  of  the 
minerals  to  be  separated,  and  the  final  cleanup  on  the  separators  below. 
The  arrangement  of  the  units  is  largely  dependent  on  the  percentage  of 
the  minerals  in  the  given  material  to  be  separated,  and  the  machines  are 
arranged  as  nearly  as  possible  to  keep  a  uniform  load. 

Each  unit  produces  three  products,  a  finished  "iron,"  a  finished 
"zinc,"  and  a  middling  product.  This  middling  product  is  returned  to 
the  boot  of  the  main  elevator  and  again  passed  into  the  Newaygo  screens. 
This  middling  is  due  partly  to  mechanical  entanglement,  and  partly  to 
the  fact  that  abrasion  in  passing  through  the  mill  has  broken  up  some  of 
the  minerals;  so  by  passing  all  the  material  again  over  the  screens,  it 
unites  with  the  warm  material  coming  from  the  drier  and  is  therefore 
again  thoroughly  dried  and  screened  into  its  proper  sizes. 

The  finished  products  fall  into  bins  under  the  main  floor  of  the  mill, 
and  are  thence  conveyed  by  hand  cars  to  the  railroad  cars  outside  the 
mill  building. 

The  separators  are  electrically  energized  by  a  small  self-contained 
electric  unit  maintained  in  a  dust-free  room  at  the  side  of  the  mill. 
This  unit  consists  of  a  3-h.p.  motor,  belted  to  a  special  generator  and 
exciter.  The  potential  is  raised  by  transformer  and  rectifying  device  to 
18,000  to  22,000  volts  which  is  the  potential  used  on  the  machines  (at 
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this  plant).-  The  potential  generated  in  this  way  is  practically  uniform, 
and  varies  only  with  such  slight  variations  as  are  present  in  the  speed 
of  the  motor.  One  terminal  of  the  potential  line  is  grounded  direct 
and  tLe  machines  are  likewise  grounded.  From  the  other  terminal,  a 
highly  insulated  wire  runs  through  the  mill,  being  connected  to  the  so- 
called  "attracting"  electrodes  of  the  separators,  of  which  there  is  one  to 
each  roll  or  separating  element.  The  electrical  equipment  in  this  plant 
is  considerably  more  massive  than  the  equipments  now  being  put  on  the 
market. 

The  principle  of  the  process  and  the  general  apparatus  in  use  have 
been  described  in  some  detail  during  the  past  four  years  in  several  pub- 
lications. It  was  given  by  the  writer  at  the  New  York  meeting  of  this 
Institute  in  February,  1912.  Numerous  improvements  have  been  made 
since  that  time,  one  of  the  most  important  from  an  operating  standpoint 
being  the  substitution  of  bare-metal  "electrodes,"  which  has  been  made 
possible  by  the  institution  of  a  regulating  device  in  the  circuit  to  the 
machines.  This  substitution  of  the  metal  for  the  wooden  electrodes  has 
at  Midvale  reduced  the  cost  of  maintenance  of  the  electrodes  75  per 
cent.  Further  improvement  along  these  lines  has  been  made,  and  it  is 
believed  that  shortly  any  cost  for  electrode  maintenance  will  be  entirely 
eliminated.  Since  the  construction  of  the  Midvale  plant,  a  separator 
has  been  designed  called  the  "Toboggan"  type.  The  only  moving  part 
in  this  is  the  feed  roll;  belts  and  bearings  being  eliminated.  One  of  these 
separators  is  at  present  in  operation  at  Midvale  and  accomplishes  about 
the  same  result  as  a  unit  of  three  of  the  roll  type.  Elsewhere  this  type  is 
in  operation  handling  all  the  material  through  20  mesh. 

The  quality  of  the  work  in  the  Midvale  plant  is  largely  dependent 
upon  the  character  of  the  blende  which  varies  from  time  to  time.  The 
zinc  sulphide  crystals  in  the  ores  from  the  United  States  company's 
mines  contain  chemically  combined  from  3  to  5 . 5  per  cent.  iron.  When 
the  iron  content  of  the  zinc  sulphide  crystals  is  under  4  per  cent.,  it  is  not 
difficult  to  make  a  48  to  49  per  cent,  blende  and  at  the  same  time  keep 
the  zinc  content  of  the  pyrite  product  around  11  per  cent,  or  under. 
When,  however,  the  zinc  sulphide  crystals  contain  much  over  4  per  cent, 
iron,  it  is  impossible  to  keep  the  grade  of  the  blende  up  above  48  per 
cent,  unless  considerable  zinc  is  run  into  the  pyrite  product.  The  zinc 
present  in  the  pyrite  product  consists  partly  of  attached  particles  and 
partly  of  an  intimate  mixture  of  zinc-lead  mineral,  and  partly  the  blende 
high  in  iron.  The  impurities  left  in  the  zinc  product  are  largely  gangue/ 
left  in  the  middling  in  the  wet  mill,  and  small  amounts  of  attached  min- 
erals. That  the  percentage  of  iron  chemically  combined  with  the  blende 
is  not  a  criterion  in  judging  the  conductivity  of  the  blende,  is  illustrated 
by  the  fact  that  some  blendes,  containing  as  high  as  14  per  cent,  iron  in 
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the  crystals,  are  separated  electrostatically.     It  is  not  known,  definitely 
what  determines  this  conductivity. 

Typical  analyses  of  the  wet-mill  feed,  and  the  head  and  resulting  prod- 
ucts of  the  static  mill  are  as  follows  (the  impurities  of  minor  metals  in 
each  of  the  products  being  largely  as  minute  attached  particles) : 

Au  Ag  Pb  Cu  Fe  Zn  SiOt 

Head,  wet  miU 0.08  3.8  8.4  0.41  14.3           9.0  28.8 

Middling  to  static...  0.07  3.4  2.2  0.96  21.6  26.8  4.6 

Blende 0.02  2.0  1.1  0.71  5.4  47.8  8.3 

Pyrite 0.10  3.8  2.6  1.63  32.0  12.0  2.4 

The  capacity  of  the  present  mill  when  running  full  is  approximately 
65  tons,  and  on  the  various  sizes  the  units  have  the  following  capacity: 
on  40  mesh,  12  tons;  on  60  mesh,  10  tons;  on  100  mesh,  8  tons;  through 
100  mesh,  5  tons.  The  Midvale  ore  is  a  comparatively  difficult  one  with 
which  to  obtain  the  best  results,  and  the  tonnage  per  unit  is  therefore 
lower  than  with  a  more  simple  ore.  The  separators  for  crude  ore  are  of 
much  larger  capacity. 

Six  mills  of  this  general  type  are  in  operation  in  the  Western  zinc  field, 
some  modifications  being  required  to  meet  local  conditions  in  each  case; 
as  well  as  plants  in  operation  on  other  classes  of  work  as  described  in  the 
articles  above  mentioned. 

The  writer  is  much  indebted  to  Messrs.  Heintz,  Anderson,  and 
Lemke  for  their  kind  assistance  in  furnishing  recent  data  on  the  plant, 
and  for  preparing  the  flow  sheets  of  the  mill. 
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directions  perpendicular  to  each  other,  although  one  set  of  striations  was 
much  better  developed  than  the  other  (see  Fig.  1).  The  twinning  lines 
make  angles  of  45°  with  the  cleavage  cracks  after  the  cube.  In  other 
words,  the  twinning  plane  is  parallel  to  the  diagonals  through  a  cube  face 
or  to  the  secondary  planes  of  symmetry,  and  consequently  must  be  the 
face  of  a  rhombic  dodecahedron.  For  galena,  this  face  is  a  gliding  plane, 
and  the  phenomenon  may  be  produced  artificially  ty  placing  cubes  of 
galena  in  a  vise  and  applying  pressiwe.  A  similar  behavior  of  calcite  is 
perhaps  more  widely  known,  where  a  proper  application  of  pressure  will 
produce  artificial  twin  crystals  parallel  to  the  face  of  the  negative  rhom- 
bohedron  JR.  To  the  writer  the  presence  of  such  striations  on  galena, 
indicates  pressure  after  the  deposition  of  the  mineral,  and  the  lines  were 
undoubtedly  formed  by  the  pressures  caused  by  the  postmineral  faulting 
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Fig.  1. — Galena  with  Cubical  Cleayagb  Parallel  to  the  Exterior,  showinq 
polyeynthetic  twinninq  dub  to  pressure  alonq  the  cube  diagonals. 

of  the  district.    Faults  of  this  character  have  been  recognized  in  such 
mines  as  the  Silver  King  and  Daly  West. 


Occurrence  of  the  Bournonite 

Bournonite  is  a  very  rare  mineral,  and  has  been  reported  previously 
from  but  three  or  four  localities  in  the  United  States.  The  writer  first 
saw  a  crystal  of  the  mineral  from  Park  City  in  the  magnificent  collection 
of  the  late  Albert  F.  Holden,  of  Cleveland.  A.  T.  Dalley,  of  the  Silver 
King  Coalition  Mines  Co.,  gave  the  writer  a  crystal  which  is  now  in  the 
mineral  collection  of  Case  School  of  Applied  Science  at  Cleveland.  At 
the  time,  Mr.  Dalley  had  in  his  possession  another  bournonite  crystal, 
which  he  later  donated  to  the  Geological  Department  of  the  University  of 
Utah,  at  Salt  Lake  City.     It  was  also  learned  that  the  crystal  in  the 
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Holden  collection  was  originally  obtained  from  Mr.  Dalley.  The  three 
crystals  came  from  the  1,300-ft.  level  of  the  Silver  King  Coalition  Mine 
and  as  far  as  the  writer  knows  there  are  no  others  like  them  from  the  Park 
City  district  in  existence.  Mr.  Dalley  did  not  see  the  crystals  in  the  mine 
and  therefore  does  not  know  the  exact  conditions  under  which  they  were 
found.  He  has  since  seen  other  ''smaller  crystals  that  are  in  quartzite 
associated  with  other  sulphides  such  as  pyrite,  galenite,  sphalerite,  and 
jamesonite.  "^  Because  of  the  rarity  and  size,  the  dimensions  and  weights 
of  these  crystals  are  given,  as  follows: 

Grams 

No.  1.  Holden  (collection,  now  at  Harvard  University,  3|  X  3}  X  6  cm 185.0 

No,  2.  Case  School  of  Applied  Science,  2  X  2i  X  4  cm 61.7 

No.  3.  University  of  Utah,  li  X  li  X  3i  cm 44.4 

Other  specimens  from  the  Silver  King  mine  were  given  to  the  writer 
by  the  Superintendent,  George  D.  Blood.  In  these  the  mineral  was  mas- 
sive and  was  supposed  to  be  tetrahedrite.  However,  most  of  the  speci- 
mens contain  lead  in  varying  amounts  up  to  15  per  cent.,  and  are  probably 
boumonite,  as  they  resemble  that  mineral  in  color  and  luster.  It  is  never- 
theless possible  that  the  massive  mineral  might  be  a  plumbiferous  tetra- 
hedrite, which  is  a  very  rare  variety,  but  has  been  found  at  several  other 
places.  Bournonite  and  tetrahedrite,  when  massive,  resemble  each  other 
very  closely.  As  far  as  the  writer  can  see,  the  boumonite  appears  to 
possess  a  more  brilliant  metallic  luster.  The  color  is  blacjdsh  lead-gray 
and  the  streak  is  black.  In  tetrahedrite  from  Park  City,  the  luster  is 
duller;  the  color  has  none  of  the  lead-gray  appearance,  but  is  more  like 
iron-black;  and  the  streak  is  distinctly  reddish  brown  instead  of  black. 
Possibly  more  than  one  variety  of  tetrahedrite  occurs  in  the  district" 
Chemically  it  is  also  difficult  to  distinguish  the  two  minerals,  especially 
if  the  tetrahedrite  is  plumbiferous,  which  the  writer  believes  to  be  the 
case  at  Park  City,  because  both  minerals  might  contain  lead,  copper, 
antimony,  and  sulphur.  In  general,  however,  lead  should  predominate 
in  the  bournonite,  and  copper  in  the  tetrahedrite.  A  quantitative  analy- 
sis is  necessary  to  determine  the  two  minerals  from  a  chemical  point  of 
view. 

Mr.  Talbot,  the  Superintendent  of  the  Daly  West  mine,  gave  the 
writer  several  specimens  of  so-called  "tetrahedrite"  from  the  lower  levels 
(1,000-1,200  ft.).  One  of  these  showed  crystals  on  which  we  could  not 
recognize  any  of  the  forms  of  tetrahedrite,  bjut  which  seemed  to  possess 
an  orthorhombic  habit.  These  crystals  were  quite  rough  and  much 
distorted,  and  seemed  to  disappear  into  a  massive  mineral,  which  had  the 
same  color  and  luster  as  the  crystals,  and  which  was  in  our  estimation 
certainly  the  same  mineral  as  the  crystals.    Toward  the  center  of  the 

*  A.  T.  Dalley:  Personal  communication,  Oct.  9,  1913. 
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specimen  pyrite  in  pentagonal  dodecahedrons  was  found,  and  this  was 
foUowedNby  coarse  cleavable  galena.  Portions  of  some  crystals  and  the 
adjacent  massive  mineral  were  broken  off  as  carefully  as  possible,  and 
analyzed  by  Dr.  W.  R.  Veazey,  of  the  Chemical  Department  of  Case 
School  of  Applied  Science,  with  the  following  results: 

Theoretical  Ck>mposi-  a     1    '      f 

tion  of  Boumonite  t\  i^   x  Combining  ^  .. 

T>      J       w         1  I>aiy  West  Txr  •  ux  Ratio 

Based  on  Formula  ^/       ,  Weights 

PbCuSbS.  ^"^^^^ 

Pb 42.64  43.18  0.209  1.009 

Cu 13.04  13.14  0.207  1.000 

Sb 24.64  25.03  0.208  1.004 

S 19.77  19.69  0.611  2.961 


100.00  100.94 

(Sp.  gr.,  6.829) 

An  inspection  of  the  results  obtained  shows  conclusively  that  the 
mineral  is  boumonite,  and  that  the  ratio  obtained  from  our  analysis  is 
very  close  to  the  theoretical,  composition  required  by  the  formula  PbCuSb- 
Sj.  The  specific  gravity,  5.829,  also  conforms  well  to  the  average  density 
obtained  from  specimens  of  the  mineral  from  other  localities.  In  all 
specimens  seen  by  the  writer  the  mineral  was  associated  with  pyrite  and 
coarse  cleavable  galena,  and  was  evidently  formed  later  than  either. 

Occurrence  op  the  Jamesonitb 

Jamesonite  is  another  rare  mineral,  and  has  been  found  at  but  two  or 
three  localities  in  the  United  States.  In  the  very  able  monograph  on  the 
Park  City  district,  BoutweU*  says:  "Three  specimens  of  a  crystalline 

gray  metallic  mineral  were  found  on  the  California  dump 

The  material  was  too  meager  to  permit  thorough  chemical  determinations, 
but  Dr.  Hillebrand  obtained  qualitative  tests  for  sulphur,  antimony  and 
a  salt  of  lead,  and  accordingly  is  inclined  to  regard  the  mineral  as  jame- 
sonite or  warrenite."  Under  "Bournonite"  the  present  writer  has  men- 
tioned a  personal  communication  from  A.  T.  Dalley  which  shows  at  the 
Silver  King  Coalition  mine  an  association  of  jamesonite  with  bournonite, 
galena,  pyrite,  and  sphalerite.  In  the  same  letter  Mr.  Dalley  says: 
"The  best  jamesonite  (fibrous)  occurs  at  the  Daly  Judge  mine  with  (most 
conmionly)  pyrite,  occasionally  pyrite  and  galenite."  In  the  Case 
collection  are  notable  amounts  of  a  mineral  from  the  Silver  King  Coalition 
mine.  It  occurs  in  capillary  crystals  which  are  woven  together  into  a 
felt-like  mass.  The  mineral  has  a  dark  lead-gray  color,  a  brilliant  metallic 
luster,  and  a  black  streak.    In  one  specimen  the  mineral  rests  upon  a 

»Op.ci<.,  p.  109. 
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perfect  striated  cube  of  pyrite.  In  three  other  specimens  the  japiesonite 
rests  upon  coarse  cleavable  galena,  which  in  turn  incloses  pyrite.  It 
would  therefore  seem  that  the  jamesonite  was  the  latest  mineral  to  form. 
The  felt-like  mass  was  found  to  contain  many  small  crystals  of  pyrite, 
which  were  carefully  isolated  so  that  an  analysis  of  the  capillary  crystals 
could  be  made.  The  results  obtained  by  Dr.  W.  R.  Veazey  were  as 
follows: 


Theoretical  Composi- 

tion of  Jamesonite 

Silver  King 

Based  on  the 

Mineral 

Formula  PbjSbjSs 

60.84 

65.75 

29.46 

21.34 

00.00 

4.14 

19.70 

18.43 

Pb. 

Sb. 

As. 


100.00  99.66 

Our  analysis  shows  that  the  mineral  investigated  conforms  in  general  to 
the  theoretical  composition  of  jamesonite.  It  was  found  on  comparing 
38  different  analyses'  that  there  is  a  wide  variation  in  the  constituents 
between  certain  limits.  The  lead  in  our  analysis  is  higher  than  the  aver- 
age, although  one  analysis  of  material  from  Russia  contained  63.61  per 
cent.  One  feature  of  the  Park  City  mineral,  which  is  not  common  in  most 
jamesonite,  is  that  part  of  the  antimony  has  been  replaced  by  arsenic. 
It  would  therefore  seem  that  a  small  amount  of  dufrenoysite  (PbaAssSs), 
which  is  generally  regarded  as  isomorphous  with  jamesonite,  must  be 
present  in  the  Silver  King  mineral.  In  order  to  compare  this  analysis 
with  most  jamesonite  analyses,  the  arsenic  was  converted  into  antimony 
(4.14  As  =  6.63  Sb),  after  which  the  combining  weights  and  molecular 
ratios  were  obtained  as  follows: 

Combining  Weights  Ratio 

Pb 55.76  0.270  1.16X2  =  2.32 

(Sb,  Afi) 27.97  0.233  1.00X2  =  2.00 

S 18.43  0.575  2.47X2=4.94 

It  will  be  seen  that  the  ratio  of  the  recalculated  analysis  conforms  quite 
closely  to  the  theoretical  formula  Pb2(Sb,As)2S5.  If  the  original  analysis 
be  compared  with  the  theoretical  composition  of  dufrenoysite  on  one  side, 
and  that  of  jamesonite  on  the  other,  it  will  be  found  that,  in  general,  the 
Park  City  jamesonite  stands  between  the  two,  and  is  therefore  probably 
an  isomorphous  growth  of  the  two  minerals. 


•  Hintze:  Handhuck  der  Mineralogie,  pp.  1031,  1032. 
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Dufrenoysite,  ,             •/  Jameaonite, 

„.    A    o  Jamesonite,  m.  au  a 

Pb,A8.S.  Pb,(Sb,A8)^.  .           ^^^^' 

Pb 67.1  55.76  60.84 

As 20.7  4.14  0.00 

Sb 00.0  21.34  29.46 

S 22.2  18.43  19.70 


100.0  99.66  100.00 

The  only  discrepancy  is  in  the  sulphur,  which  is  a  trifle  low.  It  is  also  to 
be  remembered  that  our  analysis  reached  a  total  of  99.66  per  cent,  and 
was  not  calculated  on  the  basis  of  100  per  cent. 

Occurrence  of  the  Calamine 

Calamine  (H2Zn2Si06)  has  never  been  reported  before  from  the  Park 
City  region,  as  far  as  can  be  ascertained.  The  mineral  was  found  on  the 
dump  of  the  Quincy  mine  as  a  drusy  coating  on  cavities  and  pores.  Sev- 
eral specimens  were  collected.  The  calamine  was  always  associated  with 
a  brownish  manganese  oxide  resembling  wad.  It  was  evidently  entirely 
manganous  oxide,  as  the  usual  manganese  reactions  were  not  observed 
until  the  mineral  was  oxidized  with  niter.  The  calamine  crystals  were 
grouped  in  the  characteristic  sheaf-like  masses,  which  were  in  some  places 
assembled  into  botryoidal  and  mamillary  imitative  shapes.  The  crystals 
were  all  thin  tabular  after  the  brachypinacoid  6(010,  coP  w),  which  was 
striated  vertically.  The  prism  m(110,  oo  P)  was  present  as  small  planes, 
as  were  also  a  macro-  and  brachy-dome  [evidently  f(301,  3P<»),  and 
i(031,  3Pa>)].  The  basal  pinacoid  c(001,  OP)  was  not  observed,  and  if 
present  was  very  small.  Although  the  writer  was  perfectly  convinced 
as  to  the  identity  of  the  mine/al,  a  qualitative  chemical  test  was  made 
for  verification.  The  mineral  was  dissolved  in  hydrochloric  acid  and 
evaporated  to  dryness.  It  was  taken  up  in  hydrochloric  acid  and  water, 
and  boiled,  after  which  the  silica  was  filtered  off.  Nitric  acid  was  added 
to  oxidize  any  iron,  and  ammonium  chloride  was  added  to  keep  up  any 
zinc.  Ammonia  was  added  to  precipitate  iron  and  manganese,  and  the 
precipitate  was  filtered.  Hydrogen  sulphide  was  passed  through  the 
filtrate,  and  a  white  precipitate  of  zinc  sulphide  was  obtained,  which  fully 
corroborated  the  mineralogical  determination. 

The  writer  is  unable  to  say  whether  the  calamine  exists  in  large  amounts, 
but  the  discovery  and  associations  here  remind  one  very  decidedly  of 
the  occurrence  at  Leadville,  Colo.,  where  large  amounts  of  calamine  and 
smithsonite  have  been  recently  found  after  having  escaped  recogni- 
tion for  many  years.  It  is,  of  course,  an  oxidation  product  of  sphalerite, 
and  was  probably  associated  with  the  usual  minerals  found  in  the  upper 
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levels  of  the  Quincy  minej  such  as  cenissite,  anglesite,  malachite,  aad 
azurite. 

Pabagenesis  and  Conclusion 

The  common  associated  minerals,  as  well  as  the  probable  order  of  de- 
position, have  been  mentioned  in  the  detailed  discussion  of  the  occurrence 
of  the  various  minerals.  The  writer  is,  moreover,  impressed  with  the  fact 
that  there  is  evidently  constantly  present  in  the  ores  of  the  Park  City 
district,  a  lead-copper-sulphur-antimony  series  of  minerals  represented  by 
galena,  boumonite,  tetrahedrite,  and  jamesonite.  One  gets  the  general 
impression  that  Park  City  is  a  camp  mainly  of  argentiferous  galena. 
The  fact  that  an  antimonial  lead  series  of  minerals  is  present  is  shown  by 
the  constant  oxidation  to  bindheimite  (PbsSbsOg+aq),  which  is  re- 
peatedly mentioned  by  Boutwell.  Study  of  the  ores  leads  to  the  further 
conclusion  that  the  sulph-antimonides  boumonite,  tetrahedrite,  and 
jamesonite  were  all  deposited  later  than  the  galena,  and  therefore  that 
the  lead-antimony  solutions  entered  at  a  subsequent  period.  There  are 
certain  questions  relative  to  depth  which  the  writer  cannot  answer.  The 
copper  content  of  the  Park  City  veins  is  evidently  increasing  with  depth. 
Is  this  also  true  of  the  zinc?  What  relation  have  tetrahedrite  and 
boumonite  to  each  other?  I  have  neyer  found  both  minerals  on  the  same 
specimen.  What  is  the  critical  level  of  bournonite  compared  with  tetra- 
hedrite ?  Was  boumonite  more  common  on  the  upper  sulphide  levels,  and 
has  it  simply  escaped  recognition  during  a  long  period  of  years?  Is  it 
being  replaced  by  tetrahedrite  in  the  lower  levels  as  the  copper  content 
of  the  veins  increases  with  depth?  Or  on  the  other  hand  is  the  bournonite 
now  being  found  for  the  first  time  in  the  lower  levels?  These  questions 
cannot  be  answered  with  the  material  and  data  at  command.  The  sug- 
gestions are  given  in  the  hope  that  some  of  the  questions  may  be  answered 
by  members  who  are  more  familiar  with  the  district. 
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Sullivan  Diamond  Drills 


Sullivan  Electric  Drill  boring  an  upi>er  hole.    (Mexico.) 

Sullivan  Diamond  Drills  are  the  most  reliable,  rapid  and  ac- 
curate means  of  testing  mineral  formations  in  advance  of 
development. 

The  cores  which  these  tools  recover,  show  positively  where  the 
ore  body  is,  how  big  it  is,  and  whether  it  is  worth  mining. 
If  you  wish  information  of  this  sort,  but  have  not  enough  work 
to  warrant  buying  an  outfit,  you  can  secure  Sullivan  Test  Drill 
Service  on  the  basis  of  an  agreed  price  per  foot  of  drilling. 
We  are  the  oldest  and  largest  of  core-drilling  contractors,  and 
have  modem  outfits  and  skilled  crews  ready  for  work  anywhere, 
at  any  time. 

Send  for  new  booklet,  "Core  DriUing  by  Contract,"  No.  8113. 


Am  COMPRESSORS      ROCK  DRILLS      HOISTS      HAMMER  DRILLS 

Sullivan  Machinery  Company 

122  S.  Mfchfgan  Ave.  Chicago,  III. 
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1843 


1914 


W.  &  L.  E.  GURLEY 

TROY,  IN.  Y. 

LARGEST  MANUFACTURERS  IN  AMERICA 


OF 


Field  Instruments  for  Mining  and  Civil  Engineers 


Also  makers  of  ACCURATE  THERMOMETERS 

PHYSICAL  AND  SCIENTIFIC  LABORATORY  APPARATUS 
STANDARD  WEIGHTS  AND  MEASURES 

BRANCH  FACTORY,  No.  axs.MARTnMB  BUILDINO,  8BATTLB.  WASH. 
Send  for  Gorloy'i  Manual 
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JACKHAMERING 

In  the 

American  Zinc  Company's  Shaft 

Trade  Mark 

Sinking  in  this  shaft  with  the    JACKIHAMER     was 

Reg.  U.  S.  Pat.  Off. 

started  after  239  feet  bad  been  driven  with  piston  drills 
and  following  is  an  epitome  of  the  progress  which 
obtained. 

Size  of  shaft  over  all     -        -        -     7^x22' 
Size  inside  timbers        -        -        -     5'-6"'x2o' 
Timbering  8*'x8"'  Square  Sets. 

Weekly  Progress  for  13  Consecutive  Weeks 


ist  Week    -    -    -     22'            8th  Week     -    -     -     22' 
2nd  Week    -    -    -     22'            QthJWeek    -    -    -     21' 
3rd  Week    -     -    -     20'           loth  Week    -     -    -     16' 
4th  Week    -    -     -     22'          nth  Week    -    -    -     22' 
Sth  Week    -     -    -     17'           i2th:Week     -    -    -     27' 
6th  Week    -     -    -     25'           i3th\Week    -    -    -     24' 
7th  Week    ^    -    -     24' 

Total  cost  per  foot  of  completed  shaft,  including  timber- 
ing, $46.85. 

X  vital  iv/Utdgc       -       -       -       - 

Weekly  average     -     -    - 

21.9  feet. 

For  this  work,  11  Jackhatners  were  used.  These  Jackhamers  were 
started  to  work  on  Monday  morning.  The  average  number  used 
in  the  shaft  at  one  time  being  5,  the  balance  being  held  as  extras.  The 
drilling,  shooting  and  mucking  for  the  week's  work  started  every  Mon- 
day morning  and  was  usually  finished  on  Thursday.  The  balance  of 
the  time  was  taken  up  in  timbering  and  getting  ready  to  stait  the  fol- 
lowing week's  work. 

As  soon  as  the  week's  drilling  was  done,  all  of  the  Jackhamers  were 
loaded  into  wagons  and  sent  back  to  the  repair  shop,  where  the  repair 
man  took  them  apart  and  thoroughly  overhauled  them.  The  amount 
of  repairs  required  on  these  drills  was  remarkably  low.  Some  weeks, 
no  lenewals  were  necessary,  other  weeks,  they  approximated  between 
$2.00  and  $3.00  for  the  11  drills. 

Jackhamer  your  shaft  for  results 
Start  by  sending  for  Bulletin  412 1 

IINOERSOLL-RAIND  COMPAINY 

INEW  YORK  LONDON 

Offices  the  Worid  Over 

32-jp 
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The 
Development 

of  Storage  Battery  locomotives 
(or  use  in  mines  dates  from 
the  perfection  of  the  EDISON 
Nickel-Iron  Alkaline  Storage 
Battery. 

The  Edison  Battery 

will  work  anywhere — ^wet  or 
dry,  hot  or  cold-^for  anyone — 
expert  or  non-expert.  It  is  the 
only  economical  battery  for 
practical  mining. 


Edison  Storage  Battery  Co. 

165  Lakeside  Avenue,  Orange,  IN.  J. 
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the   Slogan   of   the   Cameron — **Character:   The    Grandest    Thing*' 

IN  CLOSE  QUARTERS  UNDERGROUND 


In  these  situations  you  will  find 

CAMERON 
CENTRIFUGALS 

the  most  convenient,  and  ultimately  by  far  the  most  economical 
pumps  for  keeping  the  mine  dry. 

Cameron  Centrifugals  are  very  compact,  so  they  can  be  set  in  the  fre- 
quently-contracted space  underground. 

Every  part  of  these  pumps  is  readily  accessible.  Note  the  horizon- 
tally-split casing.  By  merely  lifting  the  upper  section  the  whole  in- 
terior is  exposed  to  view. 

Their  efficiencies  are  high.  This  "CAMERON"  advantage  is  realized 
to  the  full  in  mine  pumping,  where  the  pulls  are  long  and  very  seldom 
interrupted. 

Unusual  care  in  manufacture  and  great  simplicity  of  design  make  the 
upkeep  of  "CAMERON"  Centrifugals  very  low. 

Gei  our  new  Bulletin  No.  151  on  the  subject — it's  free. 


\.  S.  Cameron  Steam  Pump  Works 

11  Broadway,  New  York 

OFFICES        THE        WORLD        OVER  aug 
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Members  of  the  American  Institute  of  Mining  Engineers 

are  cordially  invited  to  call  at  our  office  and  we  will  take  pleas- 
ure in  showing  them  A  Kelly  Press  in  actual  operation  at  our 
testing  works. 

All  Mining  Engineers  Should  Know 

THE  KELLY  FILTER  PRESS 

(The  last  word  in  filter  presses) 

Acid  proof  filters  and  Special  filter  cloth  for  all  uses. 

Filter  leaves  entirely  accessible. 

Dry  cakes  dumped. 

Especially  adapted  for  drying  oil  flotation  concentrates. 

Ask  us  for  our  new  BuUeUn,  just  out. 

KELLY   FILTER   PRESS  CO. 

206  Felt  Building  E.  E.  lVjINGWITZ 

Salt  Lake  City  *  80  Maiden  Lane,  New  York 


ORE- DEPOSITS 

A  continuation  of  the  "Posepny*  Volume 

Comprising  Papers  Descriptive  of  Ore-Deposits  and  Discus- 
sions of  their  Origin,  Edited,  with  an  Introduction,  by 
Dr.  S.  F.  Emmons. 

The  volume  contains  also  a  Biographical  Notice  of  Dr. 
Emmons  by  his  associate  and  friend,  Dr.  George  F.  Becker, 
and  a  comprehensive  Biographical  Index  of  the  Science  of 
Ore-Deposits,  prepared  by  Prof.  John  D.  Irving,  of  the  Shef- 
field Scientific  School  of  Yale  University. 

The  volume  contains  1002  pages.  Price,  bound  in  doth, 
$S;  in  half  morocco,  $6.  Both  the  Emmons  and  the  Posepny 
Volumes  on  Ore-Deposits,  boimd  in  cloth,  $8;  in  half 
morocco,  $10. 

AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
29  WEST  39TH  STREET  NEW  YORK,  N.  Y. 
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Weston  Ammeters  &  Voltmeters 

FOR  A.  C.  MINING  SERVICE 

These  nstnmieiiU  are  of  the  tame  standard  quality  and  possets 
the  same  features  of  durability  and  workmanship  as  the  well- 
known  Weston  standard  D.  C.  instruments.  They  are  so  kw 
in  price  as  to  be  within  the  reach  of  all  users  of  electrical 
measurinf  instruments. 

Weston  A.  C.  instruments  are — 

DeadBeat 

Extremely  Sensitire 

Practically  hdependent  of 
^^■^^      Wave  Form  and  Temperature 
'   ^S^K^^^  Error,  and  require  very  Litde 

^S^^^'  "  "^v  Power  to  operate 


EdipMSwftchboafd        ^^^^^^V       ^■■BL^^^H/ 
D.  C  Iftttrumeot  Portable  A«  C  ^^^^^H^^^v 

loitrument  ^^^^^^H^B^^   I 

FOR  D.  C.  CIRCUITS  OF  SMALL        Swt^Sf^LC 
MINE  PLANTS  Imtruinent 

Weston  Eclipse  Ammeters,  Milliammeters 
AND  Voltmeters 

are  well  suited.  They  are  of  the  ''softoron*'  orEIectro- 
tnt^etic  type,  remarkably  accurate,  well  mad^  nicely 
finished,  and  especially  low  in  price.  Weston  Eclipse  in- 
struments are  far  in  aovance  of  all  preceding  forms  of  the 
sofl-iron  tsrpes. 

Write  for  catalogue  and  information. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark,  N.J.,  U.  S.  A. 

N«w  York  Olflc*  :  114  Liberty  Street. 

London  Branoh  :  Audrey  House,  Ely  Place,  Holbom. 

PariOa  Franoo :  E.  H.  Cadiot,  12  Rue  St  Georges. 

Borlln  :  European  Weston  Instrument  Co.,  Ltd.,  Schoneberg,  Genest  Str.9  S* 
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Winning  Features  of  VULCAIN  Hoist  Design 


No.  4 
Brakes 


Stoppidg  a  hoksl  15  as  important  as  starting  it.  And  lull  control  of  speed  at  all 
ttnies  is  absoltitdy  nucessary-  Now,  full  speed  control  implies  a  definite  check 
through  all  spueds  from  lero  to  maiiimumi  Brake  design  must  provide  for  capacity 
tr*  ah^jrh  all  th^  trcmendotiH  energy  stored  in  revolving  dnims»  gear  and  srttia* 
tUTM.  speeding  carfl.  caRcs,  etc.,  in  much  shorter  time  than  it  tJikea  to  energi^ 
these  bodira.  This  requires  either  small  aren  with  etiurmotis  brake  pTrc«sur«  (as  m 
raElrdail  car  brak&^l  or  lar^e  ttTca  with  a  much  lower  pr^sstife — The  VULCAN 
BRAKE.  The  latter  is  admittedly  the  more  effective  and  is  "easier"  on  the  whole 
machine,  as  every  engineer  knows.  VULCAN  BRAKES  tfan  be  liucd  with  wodd 
cn  asbestos^    Let  UiS  SLSiisl  with  your  hoist  questions. 


VULCAN  IRON  WORKS,  1744  Main  St..  WILKES-BARRE,  PA. 


New  York,  5Q  Ctiurt  h  Slfce t. 


Chicago,  91 J  McComilck  BJdg, 


Star  Portable  Drilling  Machines 

Built  In  num^f  •itea  bD(h  traction  and  natn-tractiDQ 
for  dnUifif  al!  ds^tba  to  430^  feet 


EQUIPPED  FOR  STEAM.  OAS  OR  ELECTRICAL  POWER 

For  Water  Wells — Oil  and  Gas  Wells — ^Mineral  Prospecting — Railroad  and  Canal 
Excavations— Cement  and  Crushed  Stone  Quarries — Bridge  Soundings— Coal  Mine 
Ventillation—Irrigation,  Etc  Write  for  Illustrated  Catalog. 

THE  STAR  DRILLING  MACHINE  COlfPANT, 
General  Offices:  Akron*  Ohio.    Branch  Office:  a  Rector  St,  New  Toi^  01^. 

Workst  Akron,  Ohio. — Channto*  TtnMi. — ^Portland.  Orofon. — ^Lonf  Boadi,  CaL 
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Maximum  ContiEuaus  Servite 
with  Minimum  Expense 

JEFFREY 
Locomotives 

axe  designed  to  meet  any 
and  all  conditions  in  Coal 
and  Metal  Mine  Haulage. 

The  Frames  permit  of  large  >J 
motor  capacity  for  a  given 
weight  locomotive;  give  pro- 
tection to  motorman  and  equipment  against  telescoping. 

Heavy  Capacity  Ball  Bearing  Motors  enahle  Jeffrey  Locomotives  to  take  care 
of  themselves  under  all  conditions  of  load. 
All  parts  accessible  for  lubricating,  inspecting  and  making  repairs. 

Bmnd  for  Jellroj  Mine  LoeomotlTO  BuUotin  No.  IIT,  teUlng  more  about  them. 

JEFFREY  MFG.  COMPABY,  COLUMBUS,  OHIO. 


YOUR  INSTRUMENT  NEEDS 

for  every  class  of  work  can  best 
be  accommodated  by  the  unusually 
complete  line  of 

BAUSCH  &  LOMB 

EINGIINEERIING 

INSTRUMENTS 

They  combine  many  original  fea- 
tures with  practical  effidency  in 
all  models.  Write  to-day  for  our 
complete  catalog,  containing  full 
descriptive  and  technical  matter 
of  exceptional  interest. 

Bausch  ^  Ipmb  Optical  Q. 

•  tW     YOBK  WASMINCTON  CMICAOO  (AK     ntANCISCC 

MMooN  ftOCHESTCa.N.Y  •'"ANKroRT 


BAUSCH  &  LOMB 
4  x/a-inch  Theodolite 

Easily  portable;  hermetically  sealed  tele- 
scope of  invariable  length;  new  system  of 
interior  focusing;  interchangeable  auxiliary 
telescope. 


Google 
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"PEERLESS"  means  "WITHOUT  A  PEER" 

Fortune  Conveyor  Belt        Peerless  ^7^  Elevator  Belt 
Rainbow  Friction  Surface  Transmission  Belt 


These  brands  of  belt  represent  the  highest  quality  attainable  in  their  respective  types. 
DURABLE  RELIABLE  [EFFICIBlfT 

PEERLESS  RUBBER  MANUFACTURING  COBIPANY 

IS  WARREN  STREET,  NEW  TORK,  N.  Y. 

Manufacturers  of  Rainbow  Packing,  Peerless  Packing  and  Eclipse  Sectional  Gaskets. 
Also  valves,  air  drill  hose  and  all  other  mechanical  rubber  goods. 


Write  for  samples  and  prices 


Technical  catalogue  for  the  asking 


WIRE  ROPE 

The  strongest  wire  rope  is  Roebling  Im- 
proved Plow  Steel.  This  grade  should  be 
specified  always  when  the  rope  is  to  be  used 
under  unfavorable  conditions  of  stress  and 
wear  or  when  the  maximum  strength  for  a 
given  diameter  is  required.  Made  with  a 
blue  hemp  center. 

John  A.  Roebling's  Sons  Co.,  Trenton,  N.  J. 

AOINCIB8  AKD  BRANCHS8: 

New  York  Philadelphia         Pittsburgh         CleToUnd         Atlanta 

San  Praneisoo  Loi  Angelei  Seattle         Portland,  Ore. 

iOOgH 
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No  Guide  tdl«rs 


True    to    you— it  carries   the   load 

**  straightaway  **  and   leases   no  extra 

tonnage  cost  behind. 

True  to  us— it  does  the  things  we  say 

it  will— and  does  them  welL 

True  to  iU  name— the  "long  life"  of 

our  belts  is  being  proved  in  great  plants 

all  over  the  earth. 


Th^rm  im  nothing  in 

Goodrich  Adpmrtiaing 

that  isn't 

in  Goodrich  Goods 


The  B.  F.  Goodrich  Company 

Factories    Alcron^Oluo 
BrancbM  in  All  Principal  Cidat 


Haye  the  strength,  the  friction,  the  rubber 
cover  and  the  edge  construction.which  means 
greatest  eflRciency  and  economy  for  YOU  in 
the  conveying  department  of  your  businem. 
The  results  we  can  show  with  the^ie  belts  are 
the  natural  outcome  of  ripe  experience  and 
persistent  striving  to  be  true  to  our  ideals— 
and  your  working  needs. 

We  mHU  gladlif  rffw  yoM  to  customers  who  arejlndtng 
our  belte  best 


MeJtmrs  of 

Goodrich  Tirms  and 

Evmrythinm  that's 

Bmst  in  Ruhbor 


Wealth  of   Knowledge  and  Experience  in 
Exchange  for  Your  Business 

All  engineers  and  operators  of  Mining,  Milling,  Smelting  and 
Rock  Crushing  Machinery  are  eagerly  watching  for  new  types 
and  improved  designs  of  machines  to  reduce  cost  of  operating 
and  maintenance  with  increased  efficiency.  We  lead  the  world 
in  advancing  efficiency  with  reduced  costs.  This  is  proven  by 
ou  repeat  orders  from  the  largest  companies  in  this  country  and 
abroad. 

We  are  in  constant  touch  with  both  operators  and  engineers 
and  gladly  act  as  a  medium  to  fill  the  wants  of  one  with  the  other. 

The  knowledge  and  experience  of  our  engineers  is  at  your  dis- 
posal and  Our  Works  open  for  your  inspection. 


TIME  IS  MONEY 


DO  IT  NOW 


TRAYLOR  EINGIINEERIING  &  MANUFACTURING  CO. 

MAIN  OFFICE  &  WORKS—ALLEINTOWN.  PA. 

N.  T.  Office,  30  Chorch  Street  Western  Office,  Salt  Lake  City 
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'\\7"E  want  thinkers  and  investiga- 
^  ^  tors  to  try  Schieren's  Duxbak 
Waterproof  Leather  Beltii^— 

For  this  class  of  men — the  sort  that  get  right  down  into  the 
vitals  of  things — are  the  ones  who  finally  decide  to  use  Duxbak. 

CHARLES  A.  SCHIEREN  COMPANY 

89  FBRRT  STREET  NEW  YORK  CITT 


Parral  Tank  System  of  Slime  Agitation 

For  Pulp  undevgoing  Treatment  in 
Cyanide  or  Add  Solutions 


Theoretically  Perfect  Agitation 
Obtained  in  Practice 


Full  Information  on  Request 
Bernard  MacDonaldy  Mgr.    South  Pasadena,  Calif. 


Efficient  Equipment 

The  Dorr  Classifier 

The  Dorr  Continuous  Thiclcener 

The  Dorr  Agitator 

In  use  by  Institute  Members  all  over  the  world. 
The  Dorr  Cyanide  Machinery  Co. 


NEW  YORK 


DENVER,  COLORADO 


LONDON 


I 
KEEP  UP  TO  DATE 

I      By  ■abKribing  to  the 
REVUE  DE  LMNOENIEUR  A  INDEX  TECHNIQUE  aoth  Year) 

An  BngiiMerinjK  Journal  and  Complete  Reoord  of  the  World's  Technical  Literatnre,  whieli 
indeMi.  dawines  and  publiibea  monthly  r6tumte  of  hundred!  of  technical  periodicals. 
Annual  Subscription,  24/  -.    Belgium  and  Prance,  so/  -.    Or  Better  Still  07  joining 
THE  TECHNICAL  AND  INDUSTRUL  INSTITUTES 

Comimsing:  Division  A. — Indexed  Technical  and  Industrial  Literature,  current  and 
retrospective.  Division  B. — Reading  Room  and  Reference  Library,  Mining,  Prospecting. 
Spedncattons  of  Inventions.  Division  C. — ^Laboratories  for  Analyses.  Practical  Cham- 
iirtry.  Students  admitted.  Laboratories  for  Inventors.  Division  D  — Industrial  Juris- 
prudence. Division  B. — Translations  in  all  Languages  and  facilities  for  the  sohition  of 
various  engineering  problems. 

Subscription  for  Membership,  40/  -  per  annum.    Purther  particulars  on  Re<inesc 


Offlces:  70,  Boulevard  D'Anderlecht,  Bruxeiles 

Telephone:  B3300  Telegrams:  ITI 


(12) 


Digitized  by 


Googk 


BULLETIN,  A.  L  M.  K— ADVERTZSINQ  SECTION 


PENNSYLVANIA  CRUSHER  COMPANY 


NEW  YORK 
90  Ckurcb  Street 


PHILADELPHIA  ^"II^^'JSIII 

Stephen  Qlrard  Bld*g  Machewiey  BMo 

Cmshan  and  Polreriscrs  for  By-Prodtict  Coke  PlAntt,  Co«l» 
(rATEMTKo)  Limettoiie,C«meat,Rock* 
Gfp«vm»  Shale,  and  a 
moltitiido  of  other  ma- 
terlils.  Coal  Cmihinc  end 
Coal  Cleanlnc  Plante. 

BAlfMBR  CRUSHBKS. 

BRADFORD 

COAL  CLBANBRS. 

PULVBRIZBRS. 

SINGLE  ROLL 

CRUSHERS. 

DBLAMATBR  COAL  TESTER. 


(PATBMTBD) 


BEER,  SONDHEIMER  CSt.  CO. 


Frankfort-on-Maln.  Qerinany 


NEW   TORK   OFFICE 


6z    BROADWAY 


Zauc  Ores,  Carbonates,  Sulphides  and  Mixed  Ores,  Copper  Ores, 
Copper  Matte,  Copper  Bullion,  Lead  Bullion,  Lead  Ores,  Anti- 
mony Ores,  Iron  and  Manganese  Ores,  Copper,  Spelter,  Antimony, 
Antimonial  Lead,  Sulphate  of  Copper,  Arsenic,  Zinc  Dust. 

Own  Smelting  and  Refining  Works 


L.  VOGELSTEIN  (^  CO. 


42  Broadway 


BITTERS,  SMELTERS 
AND    REFINERS    OF 


NEW  YORK 


Ores  and   Metals  of  All  Classes 

Agents  for: 
Aron  Hiraeh  ^  Sohn,  Halberetadt,  Germaiiy. 

United  Statee  Metalt  Reflning  Co.,  Chrome,  N.  J.  and  GrasaelU,  Ind. 
American  Zinc,  Lead  h  Smeltinc  Co.,  Caney  and  Dearing,  Kansas. 
Kansas  Zinc  Co.,  La  Harpe,  Kansas. 
The  Electrolytic  Reflning  h  Smelting  Co.  of  Australia.  Ltd.,  Port  Kembla,  N.  S.  W. 


ACCURACY  IN  MEASUREMENTS 

ia  beet  obtained  through  the  use  of 

fUFK/N 

MEASURING  TAPES 


\  The  more  serere  the  test,  the  better  their  showing. 
.Fee  sale  by  aU  dealers.    Send  for  Catalogue. 

ni£/afMrMPai£no^ 


YORK 


LONDON.  ENG, 
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SAGINAW,  MICH.,  U.  &  A. 
WINDSOR.  CAN. 


A  DIRECTORY  OF  MINING  AND 


MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALUS-CHALMERS  MANUFACTURING  CO. 

Milwaukee,  Wisconsin. 
MINING    MACHINERY   of  Evei^    Type.    Complete 
Power  and  Electrical  Equipments.    For  all  Canadian 
business  refer  to  Canadian  Allis-Chalmers,  Limited, 
Toronto,  Ont 


ANSON  G.  BEnS 

NEW 

Troy,  N.Y. 

BlectroljTtic    Lead    Refining;      Zinc    Recovery   from 

PROCESSES 

Complex  Ores;      laboratories  for  Metallurgical  Re- 

^ 

search. 

PUMPS 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  New  York. 

CAMERON  VERTICAL  PLUNGER  SINKING 
PUMPS,  for  shaft  sinking.  CAMERON  HORIZON- 
TAL  PLUNGER  STATION  PUMPS,  for  handling 
gritty  water. 


ASSAY EPS 

AND 
CHEMISTS 
SUPPLIES 


THE  DENVER  FIRE  CLAY  CO. 

Donvor,  Colo.  Salt  Lake  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORI PIERS,  Muffles,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  CaU- 
logue. 


ROCK  DRILLS 

DRILL 
SHARPENERS 

AIR  METERS 

STEEL  HOSE 

ETC. 


DENVER  ROCK  DRILL  MANUFACTURING  CO. 

Donvor,  Colo.        El  Paao,  Tox.        Now  York  City* 
Salt  Lako  City,  Utah.  San  Franeiaeo,  Cat. 

MANUFACTURERS  OF  WAUGH  DRILLS. 


CLASSIFIERS 

THICKENERS 

AGITATORS 


THE  DORR  CYANIDE  MACHINERY  CO. 

New  York  DENVER,  COLO.  London 

Machinery  in  use  for  Cyaniding.  Wet  gravity  Concen- 
tration, Flotation,  Leaching  Copper  ores  and  many 
non-metallurgical  industrial  processes. 
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EDISON  STORAGE  BAHERY  CO. 

Orange,  N.  J. 
Mantiiacttirers  of  the  EDISON  STORAOB  BATTERY 
for  Mine  Haulage,    Write  for  descriptiTe  bulletin. 


EDISON 
STORAGE 
BATTERY 


GENERAL  ELECTRIC  CO. 

Sehoneotady,  N.  Y. 

ELECTRIC  MINE  LOCOMOTIVES.     ELECTRIC 
MOTORS  for  Operating  Mining  Machinery. 


ELECTRIC 

MINE 

LOCOMOTIVeS 


GOODMAN  MANUFACTURING  CO. 

Chicago,  llllnola. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


CLCCTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


THE  B.  F.  GOODRICH  CO. 

Akron,  Ohio. 

CONVEYOR 

Goodrich  «<LongUfe"<«Maxecon"ft"GrainbeU"  CON- 

VEYOR BELTS  will  handle  more  tons  per  dollar  of 

BELTS 

cost  than  any  other  belts  made. 

HARBISON-WALKER  REFRACTORIES  CO. 

Pittsburgh,  Penna. 

Refractoriea  of  highest  grade  for  Blast  Furnace  and  the 
Open  Heartii,  Electrical  Furnaces,  Copper  Smelting 
plants.  Lead  Refineries,  Nickel  Smelters,  Silver  Slimes 
and  Dross  Furnaces,  Ahoy  Furnaces^  as  weU  as  all 
other  types  in  use  in  the  various  metallurgical  processes. 


BRICK 

FIRE  CLAY 
SILICA 
MAGNESIA 
CHROME 


ILLINOIS  ZINC  CO. 

Poru,  III. 

Manufacturers  of   SPELTER,    SHEET    ZINC 
SULPHURIC  ACID. 


SPELTER 

SHEET  ZINC 

SULPHURIC 
ACID 


Guu^k 
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COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  New  York. 

f^Retum- Air"  Pumps,  Coal  Shearers,  Pneumatic  Hoists, 
•<Electric-Air"  Drills,  Coal  Punchers,  Pneumatic  Tools, 
"Calyx"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


THE  JEFFREY  MFG.  CO. 

COAL 

Columbus,  Ohio. 

MINING 
MACHINERY 

Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Convey v«.  Pans,  Hoists, 
Pumps,  etc. 

KELLY 
FILTER 
PRESS 


KELLY  FILTER  PRESS  CO. 

206  Felt  Building  £.  £.  Lungwitz 

Salt  Lake  City,  Utah  80  Maiden  Lane,  New  Tork 

Manufacturers  of  the  KELLY  FILTER  PRESS.  Is 
most  efficient  and  reliable  for  all  filtering  requirements. 
Especially  adapted  for  drying  oil  flotation  concentrates* 
Send  for  bulletin  of  our  latest  machines. 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


LEAD  LINED  IRON  PIPE  CO. 

Wakefield,  Mass. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES— for  Acids  and  Corrosive  Waters. 


WIRE  ROPE 
AERIAL 

WIRE  ROPE 
TRAMWAYS 


A.  LESCHEN  &  SONS  ROPE  CO. 

iXSDUVIMHnABa 

lMrT«k      CUcM*        St.  Louis.  Mo.     l>«(Mr 

Producing  WIRE  ROPE  of  qualities  and  constructioii 
adapted  to  every  condition  of  wire  rope  service,  indild- 
ing  the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramways  for  the  economicid  transportatkm 
of  any  material. 


BRIQUETTING 
MACHINERY 


MASHEK  ENGINEERING  CO. 

90  West  St.,  Now  York. 
Complete  phmt  equipments  4,  8,  x6  and  35  tons  of  s  to 
3  oz.  smokeless  and  odorless  briquettes  per  hour.   Com- 
plete plants  designed  and  erected. 


UoogTe" 
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NORDBERG  MANUFACTURING  CO. 

Milwaukee,  ^s. 

mgh  BflEldency  Steam,  Air  and  Electric  Hoists,  Air 
Compressors,  Blowing  Engines,  Pumping  Engines,  Cor- 
liss Engines  and  other  machinery 


MINING 
MACHINERY 


OTIS  ELEVATOR  COMPANY 

EI*vonth  Ave.  and  Twenty- Sixth  St.,  Now  York. 

OPPICCS  IN  ALL  PRINCIPAL  CITIES  OP  THE  WORLD. 

Bnild  and  erect  all  types  of  Freight  and  Passenger  Ele- 
vators— for  all  kinds  of  power; — ^including  Furnace 
Hoisu,  Incline  Railways,  and  Special  Hoisting  Equip- 
ments and  Machines  for  Mining  use.  Correspondence 
invited. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


PARRAL  TANK  SYSTEM  OF  SLIME  AGITATION 

Bernard  MacBonald,  South  Pasadena,  Calif. 

Manufacturer  of  the  Parral  Tank  System  of  Slime 
Agitation  for  pulp  undergoing  treatment  in  cyanide 
or  mcid  solutions.    Full  information  on  request 


PARRAL 
TANK 
SYSTEM 
OF 
SLIME 
AGITATION 


PEERLESS  RUBBER  MFa  CO. 

New  York 

Manufacturers  of  Conveyor,  Elevator  and  transmission 
belts;  packing,  valves,  air  drill  hose  and  all  other  me- 
chanical rubber  goods.    Write  for  catalogue. 


CONVEYOR 
BELTS 

PACKING 

VALVES 

AIR  DRILL 
HOSE 


PENNSYLVANIA  CRUSHER  CO. 


KewTork 
50  Ghnreh  Street 


Pittsburg 
Mmehesney  Bld'g 


Philadelphia 
Stephen  Oirard  BM'f 
Complete  Coal  Crushing  and  Coal  Cleaning  Plants; 
Croshing  Machinery  for  By-Product  Coking  Plants; 
Cmsbers  and  Pulverizers  for  Coal,  Cement,  Rock,  Lime- 
stone, Gypsum,  and  a  multitude  of  other  materials. 


HAMMER 

CRUSHERS 

BRADFORD 

COAL  CLEANERS 

PULVERIZERS 

SINGLE  ROLL 

CRUSHERS 

DELAMATER 

COAL  TESTER 


POWER  AND  MINING  MACHINERY  CO. 

116  Broadway,  New  Tork. 

Works:  Cudahy,  Wis. 

McCuUy  Gyratory  Crushers;  Timber  Creosoting  Plants; 

Superior  Jaw  Crushers;  Cement  Making  Machinery; 

Copper  Converters;  Gas  producers. 


ROCK 
CUSHERS 

COPPER 
CONVERTERS 

MINING 
MACHINERY 


Googh 
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ROBINS 

BELT 

CONVEYORS 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  Row,  New  York. 

Messiter  ORE  BEDDING  Systems— FURNACE 
FEEDERS;  SORTING  BELTS,  and  many  other 
special  applications  of  what  was  the  Pioneer  and  is  the 
Standard  Belt  Convesror;  Coal  Handling  Systems; 
Electric  Locomotives;  Hoisting  Machinery. 


WIRE 
ROPE 

JOHN  A.  ROEBUNG'S  SONS  CO. 

Trenton,  N.J. 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 
agencies  and  branches  throughout  the  country. 

POSITIVE 

PRESSURE 

BLOWERS 

VACUUM  AND 
ROTARY  PUMPS 

QAS 
EXHAUSTERS 


P.  H.  &  F.  M.  ROOTS  CO. 

Connersville,  Ind. 
Manufacturers  of  the  Roots  Positive  Pressure  Blowers 
for  Smelting,   Foundry  and   Filtration  Work.    Write 
for  Catalogue. 


WATERPROOF 
LEATHER 
BELTING 


CHARLES  A.  SCHIEREN  COMPANY 

39  Ferry  Street,  New  York 

Manufacturers  of  SCHIEREN'S  DUXBAK  WATER- 
PROOF LEATHER  BELTING.  The  belting  is  water- 
proof and  chemical  proof,  perfect  in  material  and 
workmanship. 


DRILLING 
MACHINERY 


THE  STAR  DRILLING  MACHINE  COMPANY 

General  Offices:  Akron,  O. 

Branch  Office:  2  Rector  St,  New  Yoik  City. 

iHte  Ataw.  Mil— OiMlB.  %Mm,—htfi»i,  Onm-im  iMch.  OL 
Manufacturers  of  Portable   We'l  DiillLig  Machinery, 
traction  or  non -traction  for  drilling  all  depths  to  4000 
feet,  equipped  for  Steam,  Gas  or  Electric  Power. 


ROCK   DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


SULLIVAN  MACHINERY  CO. 

122  South  Michigan  Ave.,  Chicago,  BL 
Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Fans. 


Googk 
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TRAYLOR  ENGINEERING  &  MANUFACTURING  CO. 

Xftin  OflBee  uid  Works— AUentown,  P», 
New  York  Office,  Weitern  Office, 

SO  Churoli  Btreet  Bait  Lake  City 

Manufacturers  of  MINING,  MILLING,  SMELTING 
and  CRUSHING  Machinery.  TRATLOR  Products  pos- 
sess Quality.    Our  Expert  Engineers  are  at  your  service. 


MINING 

MILLING 

SMELTING 

CRUSHING 

MACHINERY 


VULCAN  IRON  WORKS 

Wilkes- Barr«,  Pa. 

Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hofst- 
ing  and  Haulage  Engines,  Mining  Machinery,  etc. 
Nicholson  Device  for  Prevention  of  Overwinding. 


All  LIQNNnVCS 
NEAiaSMimUV 
(Ml-WASNIW  PUHTS 


MSftlNE  LMMOTrVES 

iMSTiw  AMI  \mm  I 

OitNElY 
ST»I  LKOMOTIVB 
IBmUTlMMNS 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark,  N.J. 

Weston  Eclipse  AMMETERS,  MILLIAMMETERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 


ALPHABETICAL  AND  ANALYTICAL 

INDEXES 

To  the  Transactions  of  the  American  Institute  of  IWining  Engineers 

VOLUMES  I  to  XXXV— 1871  to  1904 
706  pages,  6  by  9  inches. 
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TRANSACTIONS  OFT  THETAMEBICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ihould  preferably  be  preMnted  in  person  at  the 
Salt  Lake  meeting,  August,  1914,  when  an  abetraot  of  the  paper  will  be  read.  If  thia  is  impossible, 
then  diacuBsion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1,  1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Occurrence  of  Boumonite,  Jamesonite,  and  Calamine  at 
Park  City,  Utah 

BY  FBANK  R0BSBT80N  VAN  HORN,  CLEVELAND,   OHIO 
(Salt  Lake  Meeting,  August,  1914)    - 

Introduction 

In  June,  1911,  the  writer  spent  a  few  days  in  studying  the  economic 
geology  of  the  vicinity  of  Park  City.  During  this  rather  hurried  visit 
a  number  of  specimens  of  ore  were  collected,  which  have  since  been  exam- 
ined. The  results  of  these  investigations  show  that  boumonite  (PbCu- 
SbSj)  is  present  in  the  ores  in  greater  or  less  quantity.  This  fact  has 
never  before  been  reported,  as  far  as  can  be  learned.  The  failure  to 
recc^nize  this  mineral  is  due  to  its  similarity  to  tetrahedrite,  with  which 
it  has  probably  been  confused  during  a  long  period  of  years. 

Jamesonite  (PbjSbjSs)  has  been  reported  from  the  region  in  a  rather 
doubtful  manner,  but  the  writer  has  seen  it  in  notable  amounts  from  sev- 
eral mines,  and  can  offer  the  first  analysis  of  this  mineral  from  the  district. 

Calamine  (HiZn2Si06)  was  found  at  one  mine  and  has  never  been 
recognized  and  reported  from  the  district. 

Geography  and  Geology 

Park  City,  Utah,  is  located  at  an  elevation  of  about  7,000  ft.  above  sea 
level  on  the  eastern  slope  of  the  Wasatch  mountains.  It  is  situated 
approximately  25  miles  southeast  of  Salt  Lake  City.  The  geology 
and  ore  deposits  have  been  described  in  detail  by  Boutwell  and  Woolsey.^ 

The  mines  visited  are  situated  south-southeast  from  the  town.  The 
Silver  King  Coalition  mine  is  located  in  Woodside  gulch  about  1  mile 
southeast  of  Park  City,  at  an  altitude  of  about  8,100  ft.  The  other 
mines  visited  were  the  Daly  West  and  Quincy,  which  are  in  Empire 
canyon  about  2  miles  southeast  of  the  town,  at  elevations  of  8,300  to 
8,500  ft.  respectively.  The  Daly  Judge  tunnel  goes  into  the  mountain 
from  Empire  canyon  about  1  mile  south  of  the  city,  at  an  altitude  of 
7,700  ft. 


*  Geology  and  Ore  Deposits  of  the  Park  City  District,  Utah,  Professional  Paper 
No,  77,  U.  S.  Geological  Survey  (1912). 
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About  two-thirds  of  the  area  of  the  district  is  covered  by  sedimentary 
rocks,  and  the  remainder  are  of  igneous  origin.  According  to  Boutwell,* 
the  sedimentaries  are  divided  as  follows: 


Feet 

Ankareh 1,150+ 

Thaynes  formation  (limestone,  sandstone,  shale) . .  1,190 

Woodside  shale 1,180 

Park  City  formation  (limestone,  quartzite,  sand-  \ 

stone,  shale) 590 

Weber  quartzite 1,350+     Pennsylvanian 


Triassic 
Permian  (?) 


The  sediments  were  intruded  from  Cretaceous  to  Eocene  by  diorite, 
diorite  porphyry;  and  finally  andesite.  It  was  these  igneous  rocks, 
especially  the  earlier  ones,  which  are  thought  to  have  caused  the  formation 
of  the  ores  of  the  district.  Both  previously  and  subsequently  to  the 
deposition  of  the  ore,  more  or  less  faulting  has  taken  place. 

Occurrence  of  Ores  and  the  Common  Ore  Minerals 

The  ores  of  the  region  are  found  both  in  fissure  veins,  and  as  replace- 
ment deposits  in  limestones.  The  two  types  are  often  associated,  as  in 
the  Silver  King  Coalition  and  Daly  West  mines.  The  fissures  have  a 
general  northeast-southwest  trend.  Most  of  the  replacement  or  bedded 
deposits  are  found  in  the  limestones  of  the  Park  City  formation,  although 
a  few  occur  in  the  limestones  of  the  Thaynes  formation. 

The  commonest  sulphide  minerals,  according  to  previous  writers,  are 
galena,  tetrahedrite,  sphalerite,  and  pyrite.  To  this  rather  short  list 
bournonite  can  be  added.  At  one  time  the  common  occurrence  of  tetra- 
hedrite in  the  region  was  doubted  by  the  writer  but  now  it  is  known 
that  both  tetrahedrite  and  bournonite  are  fairly  common  ore  minerals. 
It  is  certain  that  in  the  past  more  or  less  bournonite  has  been  called 
tetrahedrite,  but  which  of  the  two  minerals  predominates  is  still  a  mat- 
ter of  conjecture.  The  chief  oxidation  products  are  cerussite  and  angle- 
site,  with  small  amounts  of  malachite  and  azurite.  According  to  Bout- 
well,'  considerable  amounts  of  bindheimite  (Pb3Sb208+aq)  are  found. 
This  would  seem  to  indicate  that  bournonite  might  be  a  more  promi- 
nent constituent  of  the  ores  than  tetrahedrite,  because  the  former  is  a 
lead-antimony  sulphide,  whereas  the  latter  is  a  copper-antimony  com- 
pound, and  would  not  oxidize  directly  to  bindheimite  without  interaction 
of  other  substances. 

One  interesting  feature  which  the  writer  has  never  before  seen  under 
natural  conditions  was  observed  on  "coarse  cleavable"  galena  from  the 
Silver  King  Coalition  mine.     It  was  a  polysynthetic  twinning  in  two 

« Op.  cit.,  p.  44.    '  Op.  cU.,  p.  114. 
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EXTRACTS  FROM  THE  CONSTITUTION. 

ARTICLE  II. —Members. 

Sec.  1.  The  membership  of  the  Institate  shall  comprise  four  classes,  namely:  1.  Members;  2.  Hon- 
orary Members ;  3.  Associates ;  4.  Junior  Members.  *  *  • 

Sec,  2.  The  following  classes  of  persons  shall  be  eligible  for  membership  in  the  Institute,  namelf :  as 
Members,  all  professional  mining  engineers,  geologists,  metallurgists,  or  chemists,  and  all  persons 
actively  engaged  in  mining  and  metallurgical  engineering,  geology,  or  chemistry ;  aa  Associates,  all 
persons  desirous  of  being  connected  with  the  Institute  who  in  the  opinion  of  the  Board  of  Directors 
are  suitable. 

As  Junior  Members,  all  students  In  good  standing  in  engineering  schools  who  have  not  taken  their 
degrees  and  who  are  nominated  by  at  least  two  of  th».ir  instructors.  •  •  • 

•  Every  candidate  for  election  as  a  Member,  Associate,  or  Junior  Member  must  be  proposed  for  election 
by  at  least  three  Members  or  Associates,  must  be  approved  by  the  Committee  on  Membership,  as  pr»* 
scribed  in  the  By-Laws,  and  must  be  elected  by  the  Board  of  Directors.  ^-^  , 
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PITTSBURG  MEETING 

The  One  Hundred  and  Ninth  Meeting  of  the  Institute,  for  the  pre- 
sentation and  discussion  of  technical  papers,  will  be  held  at  Pittsburg, 
Pa.,  Oct.  8,  9  and  10,  1914. 

This  meeting  is  to  be  under  the  auspices  of  the  Iron  and  Steel  Com- 
mittee, the  Committee  on  Petroleum  and  Gas,  the  Committee  on  Coal 
and  Coke,  and  the  Committee  on  Non-metallic  Minerals.  Thirty  papers 
have  been  secured  by  these  Committees  and  will  be  presented  at  the  meet- 
ing. These  papers  will  be  published  in  the  September  and  October 
Bulletins, 

The  Local  Committee  of  Arrangements  for  this  meeting  is  as  follows: 

Saj^ubl  a.  Taylor,  Chairman. 

Francis  C.  Phillips.        George  S.  Rice.        C.  F.  W.  Rys. 
Kenneth  Seaver.        John  S.  Unqer. 


The  Michigan  College  of  Mines  Club  of  the  Iron  River  Stambaugh 
district  would  be  pleased  to  have  any  members  of  the  American  Institute 
of  Mining  Engineers  who  visit  this  district  get  in  touch  with  J.  M.  Riddell, 
President;  L.  Laing,  Secretary;  or  with  E.  S.  Dickinson,  all  of  Iron  River, 
Mich.  The  Club  will  be  glad  to  do  anything  in  its  power  to  make  their 
visit  pleasant  and  profitable. 
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PERSONAL 

(Members  are  ur^ed  to  send  in  for  this  column  any  notes  of 
interest    sonoernmg    themselves    or    their    fellow-members.) 

Members  and  guests  who  registered  at  Institute  headquarters  during 
the  period  July  10  to  Aug.  10,  1914: 

W.  B.  Foote,  Geneva,  N.  Y.  John  T.  Beard,  Temascaltepec,  Mexico. 

B.  J.  Carlyle,  Perm,  Russia.  F.  H.  Jackson.  Alum  Rock,  Pa. 

H.  H.  Bradt,  Pittsburg,  Pa.  M.  F.  Sayre,  Schenectady,  N.  Y. 
Dwight  Fumess,  Guanajuato,  Mexico. 

Prof.  Robert  H.  Richards,  past-president  of  the  Institute,  has  retired 
as  head  of  the  Mining  department  of  Massachusetts  Institute  of  Tech- 
nology and  will  engage  more  actively  than  formerly  as  consulting  engi- 
neer in  ore-dressing  problems. 
•  .  Luther  W.  Kemp,  who  has  been  Metallurgist  of  the  North  Star  Mines 
Co.  at  Grass  Valley,  Cal.,  has  resigned  to  accept  a  position  in  Chile, 
S.  A. 

Frederick  G.  Cottrell  has  been  appointed  Chief  Chemist  of  the  U.  S. 
Bureau  of  Mines. 

R.  W.  Leonard  has  resigned  his  position  as  Commissioner  of  the 
National  Transcontinental  Railway. 

William  A.  Williams,  Chief  Geologist,  General  Petroleum  Co.,  San 
Francisco,  Cal.,  has  been  appointed  chief  of  the  new  oil  department  of  the 
U.  S.  Bureau  of  Mines,  with  headquarters  at  Washington,  D.  C. 

E.  J.  Carlyle  has  accepted  the  position  of  Manager  of  a  copper- 
smelting  plant  near  Perm,  Russia. 

H.  L.  Smyth  has  been  appointed  head  of  the  combined  Scbool  of  Mines 
of  Harvard  and  Massachusetts  Institute  of  Technology. 

H.  N.  Thompson,  formerly  of  Anaconda  and  Tooele,  is  at  Clarksdale, 
Ariz.,  as  consulting  metallurgist  at  the  new  plant  of  the  United  Verde 
Copper  Co. 

G.  Frederick  SInapp'has  resigned  as  Manager  of  the  Sales  Department 
of  E.  N.  Breitung  &  Co.,  Cleveland,  Ohio,  which  office  he  successfully 
established  five  years  ago.  He  will  spend  the  rest  of  the  summer  in 
Massachusetts. 

Clyde  M.  Eye  has  been  appointed  Manager-for  Benguet  Consolidated, 
at  Bagui,  P.  I. 

Robert  P.  Millard,  mining  engineer,  announces  the  opening  of  new 
offices  at  1424  Rockefeller  Building,  Cleveland,  Ohio. 

Lloyd  B.  Smith,  of  The  Associated  Geological  Engineers,  has  returned 
to  Pittsburg  after  seven  months'  geological  work  in  the  Oklahoma  oil 
fields. 

C.  T.  Griswold,  of  The  Associated  Geological  Engineers,  Pittsburg, 
Pa.,  has  returned  from  Newfoundland,  where  he  spent  July  examining 
copper  mines  and  prospects  around  Notre  Dame  bay. 

George  M.  Shoemaker,  Manager  of  Operations  for  Neil  Robinson, 
Receiver  of  the  LaFoUette  Coal,  Iron  &  Railway  Co.,  announces  the 
appointment  of  0.  J.  Patzold  as  Sales  Manager,  effective  July  I.  Mr. 
Patzold  will  have  his  office  at  the  LaFoUette  Mines  in  Tennessee. 
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POSITIONS  VACANT 

(Under  this  heading  will  be  published  notes  sent  to  the 
Secretary  of  the  Institute  by  members  or  other  persons.) 

In  the  course  of  the  next  few  months,  a  mechanical  engineer,  who  has 
spiecialized  in  the  design  and  erection  of  copper-smelting  plants,  including 
steel  work,  power  equipment,  etc.,  may  be  required  by  a  company  operat- 
ing abroad.    Man  speaking  German  preferred.    No.  23. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of  the  Institute 
by  members  or  other  persons  introduced  by  members.) 

Member,  31  years  of  age,  married,  graduate  of  Massachusetts  Insti- 
tute of  Technolo^,  desires  position  with  malleable  iron  or  steel  firm. 
Nine  years'  experience  as  chemist  and  metallurgist  in  malleable,  gray 
iron,  and  steel.    No.  123. 

Member,  metallurgist,  desires  position  with  company  making  steel 
castings,  or  tool  steel.  Has  had  six  years'  experience  with  the  electric 
furnace,  making  steel  castings  and  tool  steel,  abo  heat  treatment  of  same. 
No.  124. 

Member  of  A.  I.  M.  E.  desires  position  as  superintendent  of  smelter, 
or  would  take  position  as  master  mechanic.  Has  had  12  years'  experience 
as  superintendent,  also  master  mechanic,  of  copper  and  lead  smelter. 
Familiar  with  every  detail.  Is  competent  and  can  furnish  good  refer- 
ences.   No.  125. 

Member,  aged  30,  technical  graduate,  with  experience  as  surveyor, 
geologbst,  mine  superintendent,  and  in  mine  examination  and  construction 
work  in  United  States,  Mexico  and  South  America,  desires  position  in 
exploration,  mine  examination,  or  survey  work,  preferably  in  Spanish 
America.    No.  126. 

Member,  technical  graduate,  aged  31,  with  four  years'  experience  as 
chemist,  assayer,  mill  superintendent,  and  as  engineer  in  construction 
work,  desires  milling  position  involving  experimental  work  and  metal- 
lui^cal  research.    No.  127. 

Member,  technical  graduate,  aged  38,  with  extended  experience  in 
cyaniding,  milling,  amalgamating,  and  mining  engineering  in  United 
States,  Mexico,  and  Central  America,  desires  position  as  mine  engineer, 
preferably  in  the  Southwest  or  in  Central  America.     No.  128. 

Recent  graduate  in  metallurgical  course  desires  position.    No.  129. 

Recent  technical  graduate  desires  position  in  mining  or  metallurgical 
work.    No.  130. 

Member,  aged  46,  technical  graduate,  Transvaal  Government  Mine 
Manager's  Certificate,  20  years'  experience  sampling  to  mine  management, 
open  for  engagement.    No.  131. 

Member,  technical  graduate  with  13  years'  experience,  desires  position 
as  examining  engineer  or  as  manager  or  assistant  manager.  Speaks 
Spanish.     No.  132. 

Member,  mining  and  metallurgical  engineer,  aged  35,  thorough 
technical  training,  with  13  years'  practical  experience  in  United  States, 
Mexico,  and  Canada,  last  seven  in  superintending  and  managing  gold, 
sUveTi  and  copper  mines.    Has  record  of  low  construction  and  operating 
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costs.  At  present  manager  of  producing  silver  mine  but  wishes  change 
for  personal  reasons.  Desires  position  as  superintendent  or  mane^er, 
West  or  Southwest  preferred.  Best  references  from  present  and  former 
employers.     No.  132. 

Member,  aged  28,  technical  graduate,  with  experience  in  silver  min- 
ing at  Cobalt,  placer  gold  mining  in  Alaska  and  several  years'  experience 
in  copper  smelting  on  experimental  work  and  as  foreman  of  the  Mac- 
Dougall  and  blast-furnace  departments  of  a  large  Western  smeltery, 
seeks  position  with  mining,  milling,  or  smelting  company.     No.  133. 

Member,  aged  33,  technical  graduate,  with  10  years'  experience  in 
railroad  and  concrete  construction  work,  mine  examination  in  Central 
America  and  prospecting  for  gold,  tin,  and  petroleum  in  Africa.  Speaks 
French  and  Spanish.     No.  134. 

Member,  aged  50,  technical  graduate,  with  extended  experience  in 
blast-furnace  operation,  as  excutive  and  sales  manager  for  iron  and  steel 
companies  and  as  consulting  engineer  reporting  on  iron  and  steel  prop- 
erties.    No.  135. 

Member,  aged  36,  with  extensive  experience  as  mining  engineer  and 
underground  manager  for  well-known  gold  and  copper  mining  companies 
in  Spain,  Australia,  and  South  America,  desires  position  as  mine  super- 
intendent.    Speaks  Spanish.     No.  136. 

Graduate  mechamcal  and  electrical  engineer,  aged  31,  with  experi- 
ence in  electromagnetic  concentration  of  low-grade  iron  ores.  Speaks 
English,  Japanese,  and  German.     No.  137. 

Member,  aged  30  years,  graduate  Case  School  of  Applied  Science, 
Department  of  Mining  and  Metallurgy.  Five  years'  experience  in  the 
chemistry  and  metallurgy  of  iron  and  steel.  Desires  position  as  chemist 
or  metallurgist  or  assistant  with  manufacturing  concern  or  steel  plant. 
No.  138. 
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LIBRARY 

American  Institute  of  Electrical  Engineers 
American  Society  of  Mechanical  Engineers 
American  Institute  of  Mining  Engineers 
United  Engineering  Society 

William  P.  Cutter,  Librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to 
10  p.m.  on  all  week-days,  except  holidays,  from  September  1  to  June  30, 
and  from  9  a.m.  to  6  p.m.  during  July  and  August.  The  Library  contains 
about  55,000  volumes,  including  sets  of  technical  periodicals  and  the 
publications  of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a 
portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library  can  render  valuable  service  through  correspondence; 
letters  requesting  information  will  receive  special  attention.  The 
Library  is  prepared  to  furnish  references  and  copies  of  articles  on  mining 
and  metallurgical  subjects;  to  determine  the  existence  of  mining-maps, 
and  to  furnish  general  information  as  to  the  geology  and  mineral  resources 
of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  lyhich  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  aiid  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining-reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that 
members  while  in  the  city  will  use  the  Library  freely,  and  assurance  is 
given  that  most  careful  service  will  be  rendered  to  them. 

Library  Accessions 
Partial  List  Classified  by  Subjects 

Mining  and  Metallurgy 

EiNFUHRUNO  IN  DAS  Studium  der  EiSENHthTENKUNDE.    By  Carl  Brisker.    Leipzig, 

1907. 
Ibon  and  Steel,  an  introductory  text  book  for  engineers  and  metallurgists.     By 

O.  F.  Hudson  and  G.  D.  Bengough.    London,  1913. 
Mikes  Accounting  and  Management.     By  L.  R.  Dicksee.    London,  1914. 
Moss  Mines  Co.,  Ltd.     Description  of  the  Moss  Mining  Ground,  and  the  Company's 

other  Iron  Ore  Properties.     The  Baltic  Exhibition,  Malmo,  1914.     (English  and 

Swedish . )     (Gift  of  A.  Johnson  &  Co . ) 
Permissiblb  Electric  Lamps  for  Miners.     Technical  Paper  75,  U.  S.  Bureau  of 

Mines.     Washington,  1914. 

Geology  and  Mineral  Production 

BiBLiOGRAPHT  OP  THE  Gbologt  AND  MINERALOGY  OP  TiN.  By  F.  L.  Hess  and  Eva 
Hess.  Smithsonian  Miscellaneous  Collections,  vol.  58.  No.  2.  Washington, 
1912.     (Gift  of  Smithsonian  Institution.) 
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British  Colxtmbia.    Minister  of  Mines.    Annual  Report,  1913.    Victoria,  1914. 
(Gift  of  Minister  of  Mines.) 

CONTRIBXmONS  TO  THB  StUD^  OF  THE  GeOLOGT  AND  Ore  DEPOSITS  OF  EalOOORLDB, 

East  Coolgardie  Goldfield,  part  II,  with  maps.    Bull.  51,  Western  Australia 

Geological  Survey.    Perth,  1913. 
Electric  Activity  in  Orb  Deposits.    Bull.  548,  U.  S.  Geological  Survey.    Wash- 
ington, 1914. 
Geological  Notes  to  Accompany  Map  of  Sheep  River  Gas  and  Oil  Field, 

Alberta.     Memoir  52,  Canada.     Department  of  Mines.    Ottawa,  1914. 
Minerals  of  California.    Bull.  67,  California  State  Mining  Bureau.    California, 

1914. 
MINBRA.L  Resources  of  Michigan,  with  Statistical  Tables  of  PRODucrioN  and 

Value  of  Mineral  Products  for  1912  and  Prior  Years.    Publication  13, 

Geological  Series  10,  Michigan  Geological  and  Biological  Survey.    Lansing,  1913. 
Notes  on  Radium-Bearing  Minerals.    Canada  Mines  Department  Prospector's 

Handbook  No.  1.    Ottawa,  1914. 
Ore  Deposits  of  Northeastern  Washington.    Bull.  550,  U.  S.  Geological  Survey. 

Washington,  1914. 
Quebec.     Department  of  Colonisation,  Mines  and  Fisheries.    Report  on  Mining 

Operations  in  the  Province  of  Quebec,  1913.    Quebec,  1914. 

Non-Metallic  Minerals 

Notes  on  Depreciation  of  Natural  Gas  Wells.    By  Samuel  S.  Wyer.    Columbus, 

n.  d.     (Gift  of  Author.) 
Physical  and  Chemical  Properties  of  the  Petroleum  of  California.    Technical 

Paper  74,  U.  S.  Bureau  of  Mines.    Washington,  1914. 
Reconnaissance  of  Oil  and  Gas  Fields  in  Wayne  and  McCreary  Countibs, 

Kentucky.     Bull.  579.    U.  S.  Geological  Survey.     Washington,  1914. 
The  Brine  and  Salt  DEPOsrrs  of  Michigan.    Publication  15,  Geological  Series  12, 

Michigan  Geological  and  Biological  Survey.    Lansing,  1914. 

Chemistry  and  Physics 

Die  Physikalisch  Chemibchen  Eigbnschaften  der  Legierungen.    By  B.  Dessau. 

Braunschweig,  1910. 
PaiNciPES  ET  Applications  de  L'Elbctrochimie.    By  O.  Dony-Henault,  H.  Gall 

and  A.  Guye.     Paris,  1914. 

General 

National  Foreign  Trade  Convention,  Washington.  D.  C,  May  27,  28,  1914. 
Official  Report.     (Gift  of  National  Foreign  Trade  C!onvention.) 

Trade  Catalogues 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
Catalogo  Ulustrado  No.  100.     Maquinaria  para  Benejiciar  Metales.     180  pp. 
Catalogo  Ulustrado  No.  103.     Maquinaria  y  Accesorios  para  Caldnar,  Fundir  y 

Convertir  Metales.     128  pp. 
Chicago  Pneumatic  Tool  Co.,  Chicago,  111.     Bulletin  34-N.    Class  "N"  Chicago 

pneumatic  steam  and  power  driven  inclosed  compressors.    June,  1914. 
GuRLBY^   W.  &  L.   E.,  Troy,  N.  Y.      Catalogue  of  civil,  mining  and  hydraulic 

engmeers'  and  land  surveyors'  instruments,  1914.    223  pp. 
Harris-Stevens  Co.,  Pittsburg,  Pa.    Stevens  centrifugal  mine  fan.    4  pp. 
Harris  Patents  Co.,  New  York,  N.  Y.   The  Harris  valveless engine  (Diesel  principle). 

13  pp.  1914. 
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Lackawanna  Steel  Co.,  Lackawanna^  N.  Y. 
Bulletin  No.  101.    Ed.  2.    Lackawanna  arched  web  steel  sheet  piling.    June,  1912. 
Bulletin  No.  102.    Ed.  2.    Raising  the  wreck  of  the  U.  S.  Battleship  ''Maine" 

from  Havana  £[arbor.    Feb.,  1914. 
Bulletin  No.  103.    Ed.  2.    The  Cofferdam  for  the  Government  ship  lock  at  Black 

Rock  Harbor.    April,  1914. 
Bulletin  No.  105.    Lackawanna  steel  sheet  piling.     Jan.,  1913. 
Bulletin  No.  106.    Lackawanna  steel  sheet  piling.    Jan.,  1914. 
Ttlbr,  W.  S.  Co.,  Cleveland,  Ohio.     Catalogue  36.    Screen  scale  testing  sieves. 

1913. 
Sakford-Dat  Iron  Works.  Knoxville,  Tenn.     Wheelology.     March,  1914. 
Sparta  Iron  Works  Co.,  Sparta,  Wis.     The  Sludge  Bucket.     August,  1914. 


INTERNATIONAL  ENGINEERING  CONGRESS,  1916 

Date  of  Congress:  Sept.  20-^5,  1915 

The  Committee  on  Local  Affairs  is  fortunate  in  having  secured  for  a 
period  expiring  on  Oct.  17,  an  option  on  100  rooms  at  the  Palace,  St. 
Francis  and  Fairmont  hotels,  the  three  leading  hotels  in  San  Francisco, 
with  the  distinct  understanding  that,  on  account  of  previous  engagements 
whereby  the  hotels  are  reserved  to  their  capacity,  the  rooms  must  be 
vacated  on  Sept.  25,  1915. 

The  rates  applying  will  be  $7  per  day  for  the  court  rooms  occupied  by 
two  people,  or  $10  per  day  for  outside  rooms  occupied  by  two  people. 
The  outside  rooms  will  face  the  main  thoroughfares  at  the  Palace  and  will 
face  the  city  and  bay  at  the  Fairmont,  which  latter  is  situated  on  a  high 
hill.  The  St.  Francis  faces  an  open  square  and  is  flanked  by  main  thor- 
oughfares on  two  sides. 

If  any  members  desire  their  reservation  to  extend  either  before  the 
20th  or  beyond  the  25th,  the  Committee  will  use  its  best  endeavors  to 
secure  such  extension  in  individual  cases,  in  accordance  with  the  indicated 
wish. 

The  Hotel  Bureau  in  San  Francisco  is  co-operating  actively  and  closely 
with  the  Committee  on  Local  Affairs  of  the  International  Engineering 
Congress  and  offers  the  choicest  rooms  in  any  of  350  hotels  other  than  the 
three  mentioned  above.  This  Hotel  Bureau  controls  50,000  rooms  in 
San  Francisco,  which  are  all  provided  with  hot  and  cold  water,  stationary 
basins,  baths,  house  telephones,  elevators,  and  bell  boy  service. 

At  a  later  time  a  circular  will  be  issued  to  the  membership  inquiring 
as  to  their  desires  regarding  hotel  accommodations,  and  in  case  reserva- 
tions are  not  desired  in  any  one  of  the  three  hotels  mentioned  above, 
the  Committee  will  make  reservations  in  the  best  of  the  other  hotels  and 
in  accordance  with  the  indicated  desires  of  the  member. 

For  reservations  in  any  one  of  the  three  hotels  mentioned,  however, 
prompt  action  is  necessary. 

In  maldng  the  reservation  the  hotels  require  a  deposit  of  50  per  cent, 
of  the  rate  per  day  for  the  period  of  the  reservation. 

Make  checks  or  drafts  (San  Francisco  exchange)  payable  to  W.  A. 
Cattell,  TreasureTj  417  Foxcroft  Building,  San  Francisco,  Cal. 

E.  C.  Jones, 
Chairman,  Committee  on  Local  Affairs. 
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MEMBERSHIP 

New  Members 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  July  10  to  Aug.  10,  1914: 

Members 

BakeBi  Fbed  Sherman Tabowie,  Unsan,  Korea. 

BissET,  Daniel  George,  Engr.,  142  3d  Ave^  N.  W.,  Edmonton  So^  Alberta,  Canada. 
Brandt,  Maurice  Sheldon,  Chief  Engr.,  White  Eagle  Mining  &  Milling  Co., 

Box  298,  Boulder,  Colo. 
Browning,  Edward,  Min.  Engr.,  Asst.  to  Supt.,  Cornwall  Ore  Bank  Co., 

Cornwall,  Pa. 
Castleton,  William  Arthur,  Mill  Supt.,  East  Butte  Copper  Mininff  Co., 

Butte,  Mont. 
Chidester,  Walter  Barclay,  Min.  Engr.,  Care  Mother  Lode  Mine, 

Greenwood,  B.  C,  Canada. 

Clark,  Edward  Hardy Mgr.,  Hearst  Estate,  15  Broad  St.,  New  York,  N.  Y. 

Clark,  Frederick  P.,  Chief  Chem.,  International  Lead  Refining  Co., 

East  Chicago,  Ind. 
Conover,  M.  J.,  Min.  Engr.,  Shift  Boss,  Tonopah-Belmont  Development  Co., 

Tonopah,  Nev. 
CoPELAND,  Robert  Nathaniel,  Mine  Supt.,  Care  Compania  Estanifera 

de  liallagua,  Llalla^a,  Bolivia,  S.  A. 
Drennbn,  Everett,  Vice-Pres.  and  Genl.  Mgr.,  Stonega  Coal  &  Coke  Co., 

Big  Stone  Gap,  Va. 

Emerson,  John  B.,  Met Mgr.,  R.  W.  Hunt  &  Co.,  St.  Louis,  Mo. 

Freyn,  Heinrich  J.,  Third  Vice-Pres.,  H.  Koppers  Co.,  5  S.  Wabash  Ave^ 

Chicago,  111. 
Friendly,  Oscar  Nathan,  Min.  Engr.,  Genl.  Supt.,  Daly  Judge  Mining  Co., 

Park  City,  Utah. 
Fuketa,  Fusajibo,  Met.,  Supt.,  Ikuno  Smelting  Works.  Dcuno  Mine.  Tajima^  Japan. 

Gaebelein,  Paul  W.,  Mill  Supt Cornucopia  Mines  Co.,  Cornucopia,  Ore. 

Gbeenough,  Thomas  Leo,  Mgr Snowstorm  Mining  Co.,  Spokane,  Wash. 

Gbidley,  Haines,  Supt Santa  F6  Gold  &  Copper  Mining  Co.,  San  Pedro,  N.  M. 

Gbosbebg,  Alexandeb,  Genl.  Supt 4662  Page  Ave.,  St.  Louis,  Mo. 

Halloban,  Will,  Min.  Engr 303  N.  8th  St.,  Albuquerque,    N.  M. 

Henderson,  Robebt  Ibwin,  Mfr 506  Lumsden  Bldg.,  Toronto,  Ont.,  Canada. 

Hobabt,  Edmund  Nobbis,  Min.  Engr Clifton,  An*. 

Hollisteb,  Scovill  E.,  Chem Compania  Estanifera,  Liallagua,  Bolivia,  S.  A. 

KiLMEB,  f^EDEBicK  MILLS,  Jb.,  Mcch.  and  Met.  Ener.,  Asst.  to  Supt., 

El  Paso  Smelting  Works,  El  Paso,  Texas, 
KisHMAN,  Maubice  N.,  Min.  Engr.  .Supt.,  American  Flag  Mine,  Park  City,  Utah. 
KoLiASNiKOFF,  K.  D.,  Met.,  Mgr.  Smelter,  Karabash  Plant,  K3rshtim  Corp., 

KyBhtim,  Russia. 
Lombabdi,  Maubice  E.,  Petroleum  Engr.,  Supt.  of  Oil  Developments, 

Kern  Trading  A  Oil  Co.,  Berkeley,  Cal. 
McIlwee,  Jabies  a..  Tunnel  Contractor,  846  Gas  and  Electric  Bldg.,  Denver,  Colo. 

MacDonald,  Augustus,  Cyanide  Engr 1433  W.  47th  St.,  Los  Angeles,  Cal. 

Mangam,  W.  D Agent,  W.  A.  Clark,  Jr.,  Butte,  Mont. 

Manning,  William  M.,  Min.  Engr.,  Chief  Engineer,  International  Power  & 

Manufacturing  Co.,  528  S.  Adams  St.,  Spokane.  Wash. 

MowRY,  Leland  Bbbtly,  Met Smelter  Foreman,  .Copperhill,  Tenn. 

MuTEB.  Allan  Fbanklin Mill  Supt.,  Ernestine  Mining  Co ^A!^ffollon,  N.  M. 

Nash,  Willabd  H.,  Chem.  and  Assayer,  Care  Mascot  Copper  Co.,  Dos  Cabeioe,  Ariz. 
O'Bbien,  Peteb  Anthony,  Min.  Engr.,  Manager,  Constancia  Mines^ 

Cape  Gracias,  Nicaragua,  C.  A. 
Pickebing,  John  Clabk,  Min.  Engr.,  Care  Eugene  Meyer,  Jr.,  &  Co., 

14  Wall  St.,New  York,  N.  Y. 
Rydeb,  Alfbed  Habold,  Mech.  Engr.,  Care  Pahang  Cons.  Co.,  Ltd.,  Kuantan, 

Singapore. 

Scheuch,  William  Allen Engr.,  Easton-Pacific  Co.y  Virginia  City.  Mont. 

Schuyler,  Walteb  S.,  Pres.  and  Genl.  Mgr.,  Sierra-Alaska  Mining  Co.,  Pike,  Cal. 
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Segawa,  Toktjtaro,  Min.  Engr.,  Mgr.  Omodani  CJopper  Mine,  Ohnogun. 

Fukuiken,  Japan. 
Shinjio,  Kanao,  Min.  Engr.,  Mitsubishi  Takatori,  Tungsten  Mine,  Ibarakiken,  Japan. 
Sutton,  Henby  M.,  Elec.  Engr.,  Care  Sutton,  Steele  &  Steele, 

Box  1223,  Dallas^  Texas. 

Thompson,  Warren  D.,  Min.  Ensr Braden  Copper  Co.,  Rancagua,  Chile,  S.  A. 

Webb-Bo  WEN,  Stuart  Sidney,  Min.  Engr.,  Naraguta  (Nigeria) 

Tin  Mines,  Ltd.,  Jemma  P.  O.,  Northern  Nigeria,  W.  Africa. 
Weymouth,  Frederick  Abbott,  Engr.  of  Tests,  Maryland  Steel  Co., 

Sparrows  Point,  Md. 
Whbatlby,    Robebt  S.,    Mine   Inspector SaUneville,   Ohio. 

Associate  Members 

Brown,  James  Frederic,  2d.,  Min.  Engr 410  Marion  St.,  Denver,  Colo. 

MuBPHY,  R.  E Salesman,  Dupont  Powder  Co.,  Box  2092,  Spokane,  Wash. 

Junior  Members 

Emeby,  William,  Jb.,  Student Elkins  Park,  Pa. 

Hamann,  William  August,  Jb.,  Student 118  Urban  St.,  Mount  Vernon,  N.  Y. 

Krumm,  Samuel  Zettler,   Mine  Sampler Box  443,  Goldroad,  Ariz. 

Truex,  Arthur  Fuller,  Asst.  Geol.,  Missouri  Bureau  of  Geology  and  Mines, 

Rolla,  Mo. 

Change  of  Status — Junior  Member  to  Member 
Searing,  Olivbr  P Box  8,  Treadwell,  Alaska. 

Candidates  for  Membership 

The  following  persons  have  been  proposed  during  the  period  July  10 
to  Aug.  10,  1914,  for  election  as  members  of  the  Institute.  Their  names 
are  published  for  the  information  of  members  and  associates,  from  whom 
the  Committee  on  Membership  earnestly  invites  confidential  communi- 
cations, favorable  or  unfavorable,  concerning  these  candidates.  A 
sufficient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the 
Committee.  After  the  lapse  of  this  period,  the  Committee  will  recom- 
mend action  by  the  Board  of  Directors,  which  has  the  power  of  final 
election. 

Thorvald  J.  Anderson,  Mt.  Vernon,  N.  Y. 

Proposed  by  John  Hays  Hammond,  Thomas  T.  Read,  F.  Lynwood  Garrison. 

Born  1884,  New  York  City.  1890-96,  Public  school.  1896-1900,  High  school. 
1906-11,  Mining  course  at  University  of  Washington.  1902-04,  In  artesian  belt  of 
Texas,  drilling;  also  across  in  Mexico.  1904,  Ro we  Alaska  Co.,  drilling.  1905-07, 
Mining  for  myself.  1908.  Siberia  for  M.  C.  D.  Lane  of  Angels  Camp,  Cal.,  mining. 
1909-10,  Mining  for  myself.  1911,  Charge  of  Casa  Gold  Dred.  Co.  1912,  Mining  for 
myself.     1913,  Operating  dredge.  Ernst  Alaska  Dredging  Co. 

Present  position:  Disengagea.  Just  returned  from  Panama  for  Mr.  Hammond. 
Have  been  m  Colombia  for  Mr.  Garrison. 

William  Atunan.  Lykens,  Pa. 

Proposed  by  R.  V.  Norris,  Robert  A.  Quin,  F.  H.  Kohlbraker. 

Bom  1864,  Pottsville,  Pa.  1870-81,  Pottsville  schools.  1881-82,  Northern 
Pacific  Railroad  Co.  1882-88,  Lehigh  &  Wilkes-Barre  Coal  Co.  1888-98,  Member 
of  firm  of  Aikman  &  Auman,  mining  engineers,  Wilkes-Barre.     1898-1901,  Continued 

?ractioe  of  Aikman  &  Auman  after  death  of  Aikman.  1901-04,  Engineer,  Nanticoke 
>ivision,  Susquehanna  Coal  Co.  1904-07,  Supt.,  William  Penn  Colliery.  Suscjuehanna 
Coal  Co.  1907-13,  Supt.,  Summit  Branch  Mining  Co.,  Summit  Brancn  Mining  Co., 
Agent,  and  Lykens  Water  Co.  Coal  companies  merged  into  Susquehanna  Coal  Co. 
in  1913. 

Present  position:  Supt.,  Susquehanna  Coal  Co.,  Lykens  Division,  and  Lykens 
Water  Co. 
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George  Sylyester  Brackett,  Memington,  W.  Va. 

Proposed  by  Robert  Peele,  William  Campbell,  E.  J.  Hall. 

Bom  1875,  Pottetown,  Pa.  All^^ny  County  Academy,  Cumberland,  Md. 
Rugby  Academy,  Philadelphia.  1897,  Columbia  Univ.,  School  of  Mines;  fi.  M. 
1897-1902,  Engr.,  Land  Agent^  Marylajid  Coal  Co.,  Lonagoning,  Md.  Underground, 
surface,  surveys,  inaps,  extraction  data.  Also  extra  work  as  En«r.  for  Austen  Coal  & 
Coke  Co.,  Austen,  W.  Va.;  Gorman  Coal  &  Coke  Co.,  Newburg,  W.  Va..  opening  new 
mine  and  erecting  coke  ovens;  also,  acreage  guarantee  for  Newourg  Coal  &  Coke  Co., 
Tyrconnell,  W.  Va.;  also  extra  engineering  work  in  Ohio.  1902-^,  For  Maryland 
Coal  Co.,  examination  and  reports  on  coal  properties,  sampling,  testing  of  coal  samples 
in  Maryland,  Penn.,  W.  Va^  and  independent  work  in  RichmoncL  Va.,  coal  field. 
1904-11,  Supt.  operations  of  Maryland  Coal  Co.^  Grafton,  W.  Va.  Railroad  location 
and  construction,  erection  steel  tipple,  plant,  buddings,  dwellings,  mine  development, 
installation  of  power  plants  electric  haulage,  coal-cutting  machinery,  developed  to 
capacity  of  1,300  tons  daily.     Also  several  trespass  surveys  for  other  companies. 

Present  position:  Supt.,  Pittsvein  Coal  Co.,  Flemington,  W.  Va. 

Howard  Stanford  Brainerd,  Mount  Vernon,  N.  Y. 
Proposed  by  W.  L.  Saunders,  George  A.  Howells,  Russell  S.  Carter. 
Bom  1890,  New  York.     1907-11,  Sheffield  Scientific  School  of  Yale  Univ.;  Ph.  B. 
1911-13,  American  Smelting  &  Refining  Co.,  Perth  Amboy,  N.  J. 
Present  position:  Ingersoll-Rand  Co.,  Phillipsburg,  N.  J. 

Oscar  N.  Bribach,  Animas  Forks,  Colo. 

Proposed  by  G.  H.  Cox,  H.  A.  Buehler,  T.  S.  Dunn. 

Bom  1887,  St.  Louis,  Mo.  1912,  B.  S.,  Mo.  School  of  Mines.  1912,  Tableman 
and  Asst.  to  assayer,  Barstow  M.  &  M.  Co.  1912-13,  Chemist,  David  Foerster.  Ouray, 
Colo.  1913-14,  Chemist,  Frisco  Tunnel  Co.,  Animas  Forks,  Colo.  1914,  Chemist, 
Atlas  M.  &  M.  Co.  Sneffels,  Colo. 

Present  position:  Chemist,  Frisco  Tunnel  Co.,  Animas  Forks,  Colo. 

Kenneth  Caulfleld  Browne,  New  York,  N.  Y. 

Proposed  by  Robert  Peele,  E.  J.  Hall,  William  Campbell. 

Bom  1888,  New  York,  N.  Y.  New  York  public  school.  1901-05,  Morris  High 
School,  New  York  City.  1905-07.  Columbia  Univ.,  Electrical  Engrg.  1907-10, 
Columbia  Univ.,  Mining  Engrg.    Course  with  Engineer  of  Mines,  degree. 

Present  position:  1910  to  date.  Min.  Engr.,  Mine  Foreman  and  Asst.  Supt.  for  the 
St.  Lawrence  Pyrites  Co.,  De  Ealo  Junction,  N.  Y. 

John  Kennedy  Bryan,  Perth  Amboy,  N.  J. 

Froposed  by  John  H.  Klepinger,  W.  T.  Burns,  Milo  W.  Krejci. 

Born  1874,  Baltimore,  Md.  High  school  education.  Baltimore,  Md.  1891-1902, 
Clerk,  storekeeper,  chief  derk,  and  foreman  of  Electrolytic  Dept^  Baltimore  Copper 
Works.  1902-04,  Foreman,  Electrolytic  Dept.,  U.  S.  Metals  Ref.  Co.  1904-06, 
General  Foreman,  U.  S.  Metals  Ref.  Co.,  Chrome.  1907,  Asst.  Supt.,  U.  S.  Metals 
Ref.  Co.,  Grasselli,  Ind. 

Present  position:  1907  to  date;  General  Foreman,  Raritan  Copper  Co. 

Daniel  H.  Cadmus,  Huntington,  Ark. 

Proposed  by  C.  M.  Young,  A.  W.  Smith,  C.  H.  Fulton. 

Bom,  1888,  Pratt,  Kan.  1907-12,  Kansas  Univ.,  Lawrence,  Kan.*  B.  S.  1912. 
Mining  course,  International  Correspondence  Schools.  1912-13,  Asst.  Engr^  Central 
Coal  &  Coke  Co.,  Huntington,  Ark.  1913.  Res.  Engr.,  Central  Coal  &  Coke  Co., 
Bevier,  Mo.     1913,  Res.  Engr.,  Central  Coal  &  Coke  Co.,  Huntington,  Ark. 

Present  position:  Resident  Engr.,  Central  Coal  &  Coke  Co.,  Uenl.  Office,  Kansas 
City,  Mo. 

E.  L.  Carpenter,  Salt  Lake  City,  Utah. 

Proposed  by  W.  G.  Sharp,  George  W.  Riter,  Jackson  C.  McChrystal. 

Born  I860,  Bloomington,  111.  Public  schools.  1884-1902,  Various  occupations 
connected  with  coal  mining.  1902-06,  Manager  of  New  York  territory  for  Cons. 
Coal  Co.  1906-09,  General  Manager,  Stag  Caflon  Fuel  Co.,  Dawson,  N.  M.  (Phelps, 
Dodge  &  Co.  interests).  1909-12,  Asst.  to  Pres.,  United  States  Smelting,  Refining  & 
Mimng  Co.,  Boston,  Mass. 

Pr^nt  position:  1912  to  date;  Pres.,  Cons.  Fuel  Co.  and  allied  interests  in  Utah. 
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Jules  Charboimiery  Blairmore,  Albertai  Canada. 

IVopoaed  by  Lewis  Stockett,  W.  F.  McNeill,  B.  L.  Thome. 

Born  1877,  Mouchard,  Jura,  France.  1895-98,  Boole  des  Mines  de  St.  Etienne, 
France.  1898,  Ing^nieur  Civil  des  Mines.  1899-1901,  Ing^nieur,  Compagnie  des 
Houill^res  de  St.  Etienne,  France.  1901-12,  Ing^nieur.  Compagnie  des  Minerais  de 
Fer  Manietiques  de  Mokta-el-Hadid  (France,  Alg^rie,  Tunisie).  1901-04,  Ing6nieur, 
Mines  de  Benis-af.  Alff6rie  (iron  mines).  190^-05,  Ing^nieur,  Mines  d'Ain  Sefra, 
Alg6rie  (copper  ana  lead  prospects).  1905-12,  Ins^nieur  Principal  des  mines  de  Ain 
Albga^  sine  and  lead;  de  Neisas,  iron;  de  Fedj-el-Adoun,  sine  and  lead.  1912-13, 
Ingemeur  Conseil,  Paris,  France. 

Present  position:  1913  to  date,  Genl.  Mgr.,  West  Canadian  Collieries,  Ltd. 

Edgar  W.  Clarke,  Johnstown,  Pa. 

Proposed  by  M.  G.  Moore,  Hartley  C.  WoUe,  D.  M.  Stackhouse. 
Bom  1882,  Des  Moines.     1905,  Grad.  Cornell  Univ.;  M.  £. 
Present  position:  1905  to  date,  Chief  Engr.,  Cambria  Steel  Co. 

Elting  H.  Comstocky  Minneapolis,  Minn. 

Proposed  by  William  R.  Appleby,  Peter  Christianson.  W.  H.  Emmons. 

Bom  1876,  Milwaukee,  Wis.  1897,  B.  S.»  Wisconsm.  1897-98,  Cornell  Univ. 
1898-99,  Univ.  of  Chicago.  1899-1900,  Univ.  of  Wisconsin.  1907,  M.  S.,  Minne- 
sota. 1899-1900.  Asst.,  IJniv.  of  Wisconsin.  1900-01,  Teacher  High  School,  Superior, 
Wis.  1901-03.  Principal  High  School,  Houghton,  Mich.  1903-06,  Supt.  Schools, 
Houghton,  Mich.  1906-07,  Instmctor,  Minn.  School  of  Mines.  1907-08,  Asst. 
Prof.,  Minn.  School  of  Mines. 

Present  position:  1908  to  date;  Professor,  Minnesota  School  of  Mines,  in  charge  of 
courses  in  Mine  Plant  Design. 

Lnis  Francisco  Diaz.  Cerro  de  Pasco,  Pem,  S.  A. 

Proposed  by  P.  S.  Couldrey,  C.  M.  Farnham,  B.  Novoa. 

Bom  1881,  Lima.  1906,  Grad.,  School  of  Mines  at  Lima,  Peru;  M.  E.  Studied 
two  years  mathematics  at  Univ.  of  Lima,  and  at  College  of  San  Juan,  Trujillo.  1906, 
Gathering  statistical  data  for  the  Pemvian  Gov.  1907,  Second  Engr^  Government's 
Mining  Engineering  Corps  at  Morooocha.  1908,  Transferred  to  Cerro  de  Pasco. 
1901-10,  Chief  Engr.  at  Cerro  de  Pasco.     1911,  Gov.  Engr.  at  Cerro  de  Pasco. 

Present  position:  1912  to  date,  Genl.  Mgr.  to  the  ^'Docena"  Mine,  Cerro  de  Pasco. 

Robert  Emmitt  Dye,  Cobalt,  Ont.,  Canada. 

Proposed  by  G.  H.  Cox.  H.  A.  Buehler,  V.  H.  McNutt. 

Bom,  1888,  South  Dakota.  1902-05,  High  school,  St.  Joseph,  Mo.  1905-06, 
High  school,  Joplin,  Mo.  1906-12,  Mo.  Schoolof  Mines.  Rolla,  ^lo.;  B.  S.  1908-09, 
Accountant,  Supt.  of  MiUs  Mines,  tJ.  S.  Zinc  Corp.,  Hazel  Green,  Wis.  1910,  Transit- 
man,  J.  C.  Barr  Ener.  Co.^  Joplin,  Mo.  1911,  Asst.  to  Mgr.,  Oklahoma  Lead  &  Zinc 
Mimng  &  Milling  Co.,  Mianu,  Okla. 

Pr^nt  position:  1912  to  date,  Foreman  on  construction  of  smelter,  sampler, 
shift  boss,  mill  foreman,  now  Supt.  of  High  Grade  Plant,  Buffalo  Mines,  Ltd.,  Cobalt, 
Ont. 

Luther  B.  Bame&  Goldfield,  Nev. 

Proposed  by  J.  V.  N.  Dorr,  H.  N.  Spicer,  B.  A.  Robinson. 

Born  1883,  Newton  Center,  Mass.  Until  1898,  Newton  public  schools.  1898- 
1901,  High  school,  Pueblo,  Colo.  1901-05,  Colo.  School  of  Mines;  E.  M.  1906, 
Dorcas  Milling  Co.,  Florence,  Colo.;  Lundbers,  Dorr  A  Wilson,  Terry,  S.  D.  1907- 
08,  Mill  foreman,  Mogul  Mining  Co.,  Pluma,  S.  D.  1909-12,  Supt.,  Gilt  Edge  Maid 
Mill.  1909-12,  Operating  work  and  Sales  Enar.,  Dorr  Cyanide  Machinery  Co., 
Denver,  Colo.     1912-13,  Supt..  Nevada  Hills  mIU,  Fairview,  Nev. 

Present  position:  Supt.,  Goldfield  Cons.  Mill,  Goldfield,  Nev. 

James  Gallacher,  Birmingham,  Ala. 

IVoposed  by  John  R.  Pill,  Erskine  Ramsay,  Charles  Catlett. 

Bom  1859,  Hurlford,  Scotland.  1866-71,  Public  Schools,  Scotland.  1871-76. 
Public  schools,  Blinois.  1891-95,  Correspondence  course  (full  mining)  International 
Correspondence  School,  Scranton,  Pa.  1876-79,  Miner,  coal  and  metal.  1879-84, 
Mine  foreman,  Illianna  Coal  Co.,  Illianna,  111.  1884-87,  Mine  Contractor,  San  Pedro 
Coal  &  Coke  Co.,  Carth^e,  N.  M.  1887-1892,  Mine  Supt.,  Kansas  City  Coal  & 
Coke  Co.,  and  Galloway  Coal  Co.,  Carbon  Hill,  Ala.  1892-95,  Operated  coal  mine 
under  name  of  Chickasaw   Coal   &  Coke  Co.,  Chickasaw,  Ala.     1895-97,  Supt., 
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McDonald  Coal  Co.,  Carbon  Hill,  Ala.     1897-1909,  Genl.  Supt.,  Ala.  Cons.  C.  A  I. 
Co.,  Lewisburg^  Ala.     1909-12,  Mine  development  work. 

Present  position:  1912  to  date,  Genl.  Supt.,  Black  Diamond  Coal  Mining  Co.  and 
Benoir  Coal  Mining  Co.,  Birmingham,  Ala. 

Lawrence  Adolphus  Gates,  Dorothy,  W.  Va. 

Proposed  by  J.  M.  Clark,  C.  E.  Krebs,  G.  S.  Borden. 

Bom  1887,  Pine  Grove  Mills,  Pa.  1907,  Common  and  high  school.  1907-12, 
Mechanical  Drawing  and  Engineering  in  the  International  Correspondence  School. 
1907-10,  Chainman,  transitman  and  draftsman,  Latrobe  ConneUsville  Coal  &  Coke 
Co.,  Latrobe,  Pa.     1910-11,  Draftsman,  Four  States  Coal  &  Coke  Co.,  Pittsburg,  Pa. 

Present  position:  1911  to  date;  Division  Engr.,  Four  States  Coal  &  Coke  Co., 
Dorothy,  W.  Va. 

C.  H.  Gibbs,  Salt  Lake  City,  Utah. 

Proposed  by  George  W..Riter,  J.  C.  Dick,  Edward  R.  Zalinski. 

Bom  1882,  Houghton,  Mich.  1900-03,  Mich.  College  of  Mines;  E.  M.  1903-05, 
Member  engineering  firm,  Winwood,  Clemmons  &  Gibbs,  Salt  Lake  City.  1906-10, 
Asst.  Geologist^  Utah  Fuel  Co.,  Salt  Lake  City. 

Present  position:  1910  to  date.  Geologist,  Utah  Fuel  Co.,  Salt  Lake  City,  Utah- 
Harry  Clinton  Goodrich.  Salt  Lake  City,  Utah. 

Proposed  by  J.  C.  Jacklmg,  C.  W.  Whitley,  R.  C.  Gemmell. 

Born  1868,  Chicago,  111.  1880-84.  Elgin  Academy,  Elgin,  111.  1885-86,  Penn. 
College,  Oskaloosa,  Iowa.  1886-93,  Chicago  &  Northwestern  Railway.  1893-1900, 
G.  S.  Morison,  Alfred  Noble.     1900-07.  D.  &  R.  G.  Raihroad,  Utah. 

Present  position :  1907  to  date,  Chief  Engineer  Mines,  Utah  Copper  Co.,  Salt  Lake 
City,  Utah. 

Paul  Alexander  Gow,  Butte,  Mont. 

Proposed  by  Fred  T.  Greene,  George  E.  Moulthrop,  E.  H.  Wilson. 

Born  1883,  Fontanelle,  Iowa.  1890-99,  Public  schools,  Greenfield,  Iowa.  1899- 
1901,  High  school,  Los  Angeles,  Cal.  1903,  High  school,  Denver,  Colo.  1903-07, 
Colorado  School  of  Mines,  Golden,  Colo.;  E.  M.  1907-11,  Min.  Engr.,  Anaconda 
Copper  Mining  Co.  1911-13,  City  Engineer  and  Commissioner  of  Public  Works, 
Butte,  Mont. 

Present  position:  Supt.,  Pilot  Mine,  Pilot-Butte  Mining  Co. 

WilUam  Hen^  Grady,  Bluefield,  W.  Va. 

Proposed  by  H.  N.  Eavenson,  A.  H.  Stow,  Henry  Brooke. 

Born  1880,  Wanamie,  Pa.  1901-02,  Lehigh  Univ.;  E.  M.  1901-02,  Grad.  Harry 
Hillman  Academy  of  Wilkes- Barre,  Pa.  1888-1901,  Employed  in  coal  mine  as  mine 
foreman,  mine  supt.  and  chief  mining  and  mechanical  engr.  1897-1901,  Lehigh 
Valley  Coal  Co.  1907-09.  Lehigh  Coal  &  Navigation  Co.  as  Mech.  Engr.  1909-11, 
Supt.,  Seaboard  Coal  &  Coke  Co.     1911-13,  Chief  Engr.,  Tenn.  Coal,  Iron  A  R.  R.  Co. 

Present  position:  1913  to  date,  Chief  Mine  Inspec^r,  Pocahontas  Coal  &  Coke  Co. 

Kenneth  Sproat  Guitennan,  Maurer,  N.  J. 

Proposed  by  Louis  D.  Huntoon,  L.  V.  Emanuel,  E.  B.  Sturgis. 

Born  1888,  Denver,  Colo.  1911,  Columbia  Univ.;  M.  E.  1911-12,  Post-Grad., 
Tech.  Hochschule,  Charlottenberg,  Berlin,  electro-chemistry.  1912,  Chemist, 
Research  Lab.,  Amer.  Smelt.  &  Ref.  Co.,  Perth  Amboy,  N.  J. 

Present  position:  1913  to  date.  Chief  Chemist,  Research  Lab.,  American  Smelting 
&  Refining  Co.,  Perth  Amboy,  N.  J. 

Henry  Lumley  Harland,  Johannesburg,  So.  Africa. 

Proposed  by  Palmer  Carter,  W.  L.  Honnold,  Kenneth  Austin. 

Born  1851,  Pupon,  Yorkshire,  England.  1859,  General,  Queen  Mary's  Grammar 
School,  Ripon  &  Bishopton  Close  Academy,  Pupon.  1866-74,  Engrg.  Grade,  Hills 
Keartley,  Ripon,  York,  England.  1874-76,  Amalgamated,  Sierra  Batter  G.  M.  Co., 
Cal.  1876-77,  Battery  Mgr.,  Green  Mountain  Co.,  Cal.  1877-80,  Battery  Mgr., 
Black  Bear  Co.,  Cal.  1880-81,  Battery  Mgr.,  Grand  Victory  Co.,  Cal.  1881-84, 
Battery  Mgr.,  Indian  Valley  Co.,  Cal.  1885,  Assaying,  Falkenan  &  Reese,  San 
Francisco,  Cal.  1885-87,  Battery  Mgr^  Plumas  Eureka,  Cal.  1887-88,  Battery 
Mgr.,  Josephene  Morse,  Cal.     1888-91,  Battery  Mgr.,  Uncle  Sam  Mine,  Cal. 

Present  position :  1891  to  date,  Battery  Mgr.,  Robinson  Gold  Mg.  Co.,  Johannes- 
burg, So.  Africa. 


Digitized  by 


Google 


American  Institute  of  Mining  Engineers  xv 

Vernon  P.  Hastings.  Morenci,  Aris. 

Proposed  by  Julius  G.  Bergman,  T.  B.  Counselman,  W.  L.  DuMoulin. 

Bom  1873.  Denver,  Colo.  1891,  General  school  education  at  Denver,  Ck>lo. 
Studied  metallurgy  at  home  while  in  the  employ  of  the  Detroit  Copper  Mining  Co. 

Present  position :  1899  to  date,  Smelter  Supt.,  Phelps,  Dodge  Co.  or  Detroit  Copper 
Mining  Co. 

James  Edward  Hayes,  Jr.,  New  York,  N.  Y. 

Proposed  by  Knox  Taylor,  J.  A.  Van  Mater,  L.  G.  Rowand. 

Bom,  1872,  Brooklyn,  N.  V.  Previous  to  1891,  Polytechnic  Inst,  of  Brooklyn 
1891-95,  Princeton  Univ;  C.  E.  1895-97,  Princeton  Univ.;  E.  E.  1900-10* 
Western  Electric  Co.,  Genl.  Supt.  of  European  factories. 

Present  position:  1910  to  date,  Vice-Pres.,  and  Genl.  Mgr.,  New  Jersey  Zinc  Co. 

John  Thompson  Henry,  Gamsey,  Ala. 

Proposed  by  M.  E.  Wadsworth,  P.  Toulmin,  E.  Ramsav. 

Bom  1885,  Reedsville,  Pa.  1891-94,  Public  school,  Reedsville,  Pa.  1894r-99, 
Public  school,  Martha  Furnace,  Pa.  1899-1904,  Belief ont  Academy,  Bellefont,  Pa. 
1904-08,  Penn.  State  College,  State  College,  Pa.;  B.  S.  1908-11,  Rodman,  transit- 
man,  Lehigh  Coal  A  Navigation  Co.,  Lansford,  Pa.  1911,  Engr.,  New  River  &  Poca- 
hontas Cons.  Coal  Co.,  Berwind,  W.Va.  1911-12,  Div.  Engr.,  Tenn.  Coal,  Iron  A 
R.  R  Co.,Blocton,  Ala.  1912-13.  Engr.,  Sayre  Mining  A  Mfg.  Co.,  Sayre,  Ala. 
1913-14,  Supt.,  Sayre  Mining  A  Mfg.  Co.,  Sayre,  Ala. 

Present  position:  Mining  Engr.,  Galloway  Coal  Co.,  Grarnsey,  Ala. 

Howard  R.  Hughes,  Houston,  Texas. 

Proposed  by  Anthony  F.  Lucas,  Lee  Hager,  William  B.  Phillips. 
Bom  1869,  Lancaster,  Mo.     1897,  Harvard  Univ.     1901-14,  Texas  Oil  fields, 
designing  oil-well  machinery. 

Present  position:  Chief  Engineer,  Pres.  and  Mgr.,  Sharp-Hughes  Tool  Co. 

William  Hutchison,  Hillcrest,  Alberta,  Canada. 

Proposed  by  Lewis  Stockett,  B.  L.  Thome,  J.  C.  Roberts. 

Bora,  1876,  Stirlina;,  Scotland.  1886-91,  High  school  of  Stirling.  Scotland.  1894r- 
97,  West  of  Scotknd  Technical  College,  Glasgow.  Scotland.  Student,  and  later 
Assoc.  Member,  Institution  of  Civil  Engineers,  London.  1901-11  (by  examination). 
Member  of  the  Canadian  Mining  Institute,  England.  1891-94,  Pupilage,  W.  D. 
Lang,  C.  E.,  Kirkcaldy,  Ssotland.  1894-97,  Underground  railway  constmction  as 
Contractor's  Engr.,  Glasgow,  Scotland.  1897-98,  Contractor's  Engr.,  Constmction 
Mallaig  Ext.,  West  Highland  Ry.,  Scotland.  1898-99,  Erection  of  mining  plants, 
etc..  West  Australia.  189^1901,  South  African  War.  1901-03,  Contractor's  Engr., 
Lanarkshire  andjAyreshire  Ry.,  Scotland.  1903-06,  Engr.,  in  charge  of  steel  and  con- 
crete, power  plants,  docks  and  bridges,  etc.,  C.  P.  Railway,  Central  Division,  Canada . 
1906-09,  Supervisional  Engr.,  Exshaw  Cement  A  Coal  Co. 

Present  position:  1910  to  date,  Chief  Engr.,  Hillcrest  Collieries,  Ltd. 

Gttstave  £.  Huttelmaier,  Scottdale,  Pa. 

Proposed  by  Howard  N.  Eavenson,  Edward  O'Toole,  S.  O.  Andros. 

Bom  .     1892,   Yale   Univ.     1892-93,    Naval   Ordanance    Dept.     1893-96, 

George  W.  Miles,  Engr^  Scranton.  1895-96,  Pope  Mfg.  Co.  1896-1901,  Delaware 
A  Hudson  Co.     1901,  H.  C.  Frick  Coke  Co. 

Present  position:  Engr.  with  H.  C.  Prick  Coke  Co. 

Harry  Mortimer  Kanarr,  Punxsutawney,  Pa. 

Proposed  by  T.  A.  Pumiss,  John  McLeavy,  J.  B.  Cook. 

Born  1876,  Indiana  Co.,  Pa.  Previous  to  1898,  public  schools.  1898-1902.  Special 
course,  Indiana  State  Normal  School.  1902-03,  Jefferson  A  Clearfield  Coal  A  Iron 
Co.  1903-05,  Pittsburg  Gas  Coal  Co.  1905-07,  Rochester  A  Pittsburg  Coal  A  Iron 
Co. 

Present  position:  1907  to  date.  Chief  Engr.  of  the  Punxsutawney  division  of  the 
R.  A  P.  C.  A  I.  Co.,  J.  A  C.  C.  A  I.  Co.  and  R.  A  F.  C.  R.  R. 

Walter  Kerr,  Koehler,  N.  M. 

Proposed  by  T.  H.  O'Brien,  Cleveland  E.  Dodge,  J.  E.  Sheridan,  Charles  A. 
Mitke. 

Born  1866,  Bonnyrigg,  Scotland.     1880,  Loanhead   School;   Govt.  Certificate. 
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1891-1894,  Mine  Foreman,  South  Western  Development  Co.,  Coalgate,  Okla.  1899. 
Fire  Boss,  Colorado.  1903,  Fuel  &  Iron  Co.,  Sopris.  Colo.  1903,  Mine  Foreman, 
St.  Louis.  1906,  Kky.  Mountain  &  Pacifio  Co.  1906,  Supt.,  St.  Louis.  1914, 
Rocky  Mountain  &  Pacific  Co. 

Present  position:  Supt.  Mines  and  Ovens. 

Eugene  Henri  Lauchli,  New  York,  N.  Y. 

Proposed  by  W.  L.  Saunders,  George  A.  Howells,  R.  S.  Carter. 

Born  1884,  St.  Imier,  Switzerland.  1894-97,  Public  schools,  St.  Imier.  1897- 
1902,  High  school,  St.  Imier.  1902-03.  Aarau  College,  Switzerland,  leading  to  B.  S. 
1904-5,  Ecole  Spedale  de  Travaux  Publics,  Paris,  France.  Civil  Engineering  course. 
1905.  Draftsman,  New  Jersey  Zinc  Co.  1906,  L>ept.  of  Bridges  and  Bldgs.,  Erie 
R.  R.,  as  bridge  designer.  1907,  Asst.  Engr.,  Glion-Naye  Railway.,  Switzerland. 
1908-09,  N.  Y.  Central  R.  R.,  bridge  designer.  1910,  Conmiissioned  to  study  and 
report  on  tunneling  methods  in  Switzerland.  1911,  with  William  Barclay  Parsons, 
in  connection  with  the  design  of  the  Mohawk  hydro-electric  dev^'t. 

Present  position:  1911  to  date.  Hydraulic  Engr.,  Northern  Contracting  Co. 

Harry  C.  Lawrence,  Grand  Rapids.  Minn. 

Proposed  by  H.  H.  Bradt,  A.  P.  Silliman,  H.  C.  Dudley. 

Born  1885,  Blenheim,  Ont.  1892-1900,  Genl.  schooling  in  College  Depts.  1900- 
06j  Wholesale  house,  Detroit,  Mich.  1907-08,  Rodman,  A.  P.  Sflliman,  Hibbins, 
Mmn.  1908-10.  Instrument  work,  underground  mining,  engineering.  Cleveland- 
Cliffs  Iron  Co.,  Nashwauk,  Minn.  1910-11,  Genl.  Surface  foreman  and  mine  ezigr., 
Detroit  Salt  Co.,  Detroit,  Mich.  1911-12,  Mine  Engr.,  M.  A.  Hanna  Co.,  Hibbmg, 
Minn.;  Shenango  Fum.  Co.,  Chisholm,  Minn.  1912-13,  Genl.  Mine  Inspector, 
Shenango  Fum.  Co. 

Present  position:  1913  to  date.  District  Supt,  Supt.  of  mines.  Interstate  Iron  Co., 
Grand  Rapids,  Minn. 

John  Moore  Lewis,  Thacker  M  nes,  W.  Va. 

Proposed  by  Howard  N.  Eavenson,  John  J.  Lincoln,  L.  E.  Tiemey,  N.  H. 
Mannatee. 

Born  1883,  Amesville,  Pa.  1896,  Public  schools,  Elkhorn,  W.  Va.  1896-98, 
Madera  High  School,  Madera,  Pa.  1900,  Drexel  Ins.  Art.,  Science  and  Industry, 
Phila.,  Pa.  1902,  The  University  School,  Ithaca.  N.  Y.  1904-08,  Cornell  Univ., 
Ithaca,  N.  Y.;  degree  as  Civil  Engineer  in  which  all  the  mining  courses  available  were 
pursued  as  electives.  Worked  in  mines  in  Penn.  at  eight  years  old.  Worked  in  mines 
during  the  summers  in  West  Va.  until  1898.  1898-1900,  Worked  on  railroad  as 
clerk.  Engineering  in  mines  on  vacation  while  going  to  college.  1908-10,  Chief 
En^neer,  Houston  Interests. 

Present  position:  1910  to  date,  Supt.,  Thacker  Coal  &  Coke  Co.,  Thacker,  W.  Va. 

Bert  Lloyd,  Sugarite,  N.  M. 

Proposed  by  T.  H.  O'Brien,  J.  E.  Sheridan,  Charles  A.  Mitke. 

Born  1872,  Cambois,  England.  1893,  International  Correspondence  School  of 
Mines,  Scranton,  Pa.  Studied  mining,  mechanics,  geology  from  textbooks  and  from 
mining  journals.  1894,  Coal  miner  and  mule  driver,  Sopris,  Colo.,  Colo.  Fuel  &  Iron 
Co.;  1895-98,  Fire-boss;  1899,  Boss-driver;  1900,  Tipple-boss  and  weighman; 
1901-03,  Supt.  coke-ovens,  same  place,  same  company.  1903,  Deputy  State  Coal 
Mine  Inspector.  Colo.  1903-05,  Supt.  Blossburg  mine,  Raton  Cofd  &  Coke  Co.; 
1905-06,  Supt.  Brilliant  mine,  same  company.  1906-10,  Underground  Supt.,  Cokedale 
mine,  American  Smelting  A  Ref .  Co.  1910-1  IjSupt.  Yankee mme,  Yankee  Pud  Co. of 
Raton,  N.  M.  1911-13,  Traveling  through  Wvomin^,  Colorado,  and  New  Mexico; 
soliciting  insurance  and  studying  methods  and  conditions  of  the  different  mines  i 
visited.  1913,  Pit-boss,  No.  2  mine,  Dawson,  N.  M.,  for  the  Stag  Cafion  Fuel  Co. 
for  one  month. 

Present  position:  1913  to  date,  Supt.,  Sugarite  mine,  St.  Louis,  Rocky  Mountain  A 
Pacific  Co.,  Raton,  N.  M. 

James  McLean,  New  York,  N.  Y. 

Proposed  by  Cleveland  H.  Dodge,  James  Douglas.  A.  C.  James. 

Born  1845,  New  York,  N.  Y.  New  York  public  schools.  Have  been  with  the  firm 
of  Phelps,  Dodge  <fe  Co.  for  the  past  40  years,  have  been  a  member  of  the  firm  for  about 
30  years,  and  have  been  largely  engaged  in  the  business  of  mining. 

Present  position:  Vice-Prea.  Phelps,  Dodge  &  Co.,  New  York,  N.  Y. 
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Nelson  Kingsland  Moody,  Independence,  Kan. 

Proposed  by  A.  F.  Lucas,  D.  T.  Day,  E.  W.  Parker. 

Bom  1877,  Titusville,  Pa.  1899.  M.  E.,  Cornell  Univ.  1906.  Supt.  Carter  Oil 
Co.;  Aast.  Genl.  Supt.  South  Penn.  Oil  Co.  1906-09,  Genl.  Mgr.,  Dir.,  Soc.  Romano- 
Americana  de  Petrol,  Bucarest,  Roumania. 

Present  position:  1910  to  date,  Asst.  Genl.  Mgr.  and  Vice-President,  Prairie  Oil  A 
Gas  Co. 

N.  L.  Ohnsorg,  Nichols,  Fla. 

Proposed  by  S.  T.  Wellman,  Louis  D.  Huntoon,  Thomas  T.  Read. 

Bom  1889,  St.  Louis,  Mo.  Missouri  School  of  Mines  and  Metallurgy;  B.  S.'and  E. 
M.  Also  some  work  in  geology  at  Leland  Stanford,  Jr.,  Palo  Alto,  Ciu.,  as  a  visiting 
grad.  student.  Chemist,  St.  Louis  Blast  Furnace  Co.  in  mine  at  Iron  Mountain. 
1911-12,  R^earch  chemist  and  Supt.  of  Constmction,  Noble  Electric  Steel  Co., 
Heroult,  Cal.  1912,  Engrg.  Dept.,  Mammoth  Copper  Min.  Co.  1912,  Asst.  Supt., 
St.  Joseph  Lead  Co^  Herculaneum,  Mo.  1912-13,  Met.  and  Chief  Engr.,  Granby 
Mining  &  Smelting  Ck>. 

Present  position:  Asst.  Supt.,  Phosphate  Mining  Co.,  Nichols,  Fla. 

Charles  Piez,  Chicago,  lU. 

Proposed  by  R.  V.  Nocris,  S.  D.  Warriner,  Joseph  Stmthers. 

Born  1866,  Mayene,  Germany.  1889,  Columbia  School  of  Mines:  M.  E.  1889, 
Entered  employment  of  Link  Belt  Co.,  and  was  for  17  years  at  the  head  of  the  engineer- 
ing department,  designing  conveyors  applied  to  preparation  of  coal,  coal  washeries, 
gold-saving  dredges,  mine  cages,  etc. 

Present  position:  1906  to  date,  Pres.,  Link  Belt  Co.  and  Engineering  and  Manu- 
facturing Co. 

Robert  R.  PoUak,  San  Francisco,  Cal. 

Proposed  by  H.  B.  Goodrich,  Philipp  Deidesheimer,  Robert  Schorr. 

Bom  1880,  Montgomery,  Ala.  1902,  Harvard  Univ.;  S.  B.  1902-04.  Engaged  in 
ooal  and  iron  mining  with  my  father  in  Birmingham,  Ala.  1904-05,  Surveyor,  in- 
spector, and  stmctural  work,  U.  S.  Naval  Station,  New  Orleans.  1906-08,  Managed 
an  estate  of  120,000  acres  in  North  Alabama  for  Lehman  Bros,  of  New  York  and  my 
father,  was  also  county  surveyor,  built  roads  and  bridges,  and  actively  engaged  in  coal 
and  iron  mininc;,  and  oil  and  aspnalt  prospecting  in  Alabama. 

Present  position:  1909  to  date,  petroleum  reporting  and  engineering,  as  well  as 
drilling  for  production  in  Cal. 

Frederick  J.  Powell,  New  York,  N.  Y. 

Proposed  by  Robert  Peele,  William  Campbell,  E.  J.  Hall. 

Born  1885,  New  York,  N.  Y.  1891-1901,  Friends'  School,  16th  St.  and  Ruther- 
ford Place,  New  York  City.  1901-05,  School  of  Mines,  Columbia  Univ.;  E.  M. 
1905-08,  School  of  Law,  Columbia  Univ.;  B.  L. 

Present  position:  1908  to  date,  practicing  law  with  the  firm  of  Cravath  &  Hender- 
son (until  recently  Cravath,  Henderson  &  deGersdorff),  New  York.  Also  engaged 
from  time  to  time  privately  as  mining  engineer  in  Ontario. 

Basil  Prescott  El  Paso,  Texas. 

Proposed  by  J.  C.  Branner,  D.  M.  Folsom,  A.  R.  Fletcher. 

Born  1885,  Oakland,  Cal.  1908,  B.  A.,  Stanford.  1907-08,  Geologist,  Noble 
£lectric  Steel  Co.  1908-09,  Geologist,  Butter's  Salvador  Mines.  1909-10.,  Supt., 
Butter's  Potosi  Mines.  1910,  Various  mine  examinations,  U.  S.  1910-11,  Geologist, 
American  Smelting  &  Refining  Co.  1913,  Acting  Chief  Greologist,  American  Smelting 
A  Refining  Co.,  American  Smelters  Securities  Co.  and  allied  interests,  Mexico  Division. 

Present  position:  1911  to  date,  Supt.  Matehuala  Unit,  A.  8.  S.  Co.  Acting  Chief 
Geologist  A.  S.  &  R.  Co.,  A.  S.  S.  Co.,  etc.,  Mexico  Division. 

Eugene  A  Rhoads,  Ashland.  Pa. 

Proposed  by  R.  V.  Norris,  Douglas  Bunting,  Irving  A.  Stearns. 

Bom  1852,  Conyngham,  Pa.  1869,  Grad.,  West  Philadelphia  High  School. 
186^70,  Chainman  on  Land  Line  Surveys  in  Virginia  and  Alabama.  1870-72, 
Gen.  £ngrg.,  Stearns  &  Bowden.  1872-1900,  Asst.  Engr.,  and  Division  Engr.  1900- 
1 1,  Supt.  of  College  for  the  Susquehanna  Coal  Co.  and  its  allied  interests. 

Present  position:  Contractor. 
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Benjamin  Carroll  Rogers,  Ray,  Ari2. 

Proposed  by  S.  Paul  Lindau,  Ernest  Wander,  R.  A.  Perez. 

Bom  1881,  Mullin,  Texas,  1887-1909,  MuUin  public  schools.  1909-10,  Howard 
Payne  CoUese,  Brownwood,  Texas.  1910-12,  Texas  Agricultural  and  Mechan- 
ical College,  College  Station,  Texas.  1912-13,  Utah  Copper  Co.,  Magna  Plant,  Magna, 
Utah,  Mmman.     1913,  Land  Subdivision  in  Sonoma,  Cal.,  on  own  account. 

Present  position :  1913  to  date,  Engr.,  Ray  Cons.  Copper  Co.,  Ray,  Ariz. 

Shiv  Raj,  Lahore,  India. 

Proposed  by  G.  H.  Cox,  H.  A.  Buehler,  T.  S.  Dunn. 

Bom  1889,  Lahore,  India.  Until  1907,  schools  in  India.  1907-11,  Missouri 
School  of  Mines  and  Met.;  B.  S.  1912-13,  Prospecting  work,  Tehri-Garluval  State, 
India. 

Present  position:  1913  to  date,  mining  and  prospecting  work,  Chitral  State. 

Jose  A.  Ruiloba,  New  York,  N.  Y. 

Proposed  by  W.  R.  Walker,  W.  A.  Forbes,  J.  H.  Gray. 

Born  1872,  Havana,  Cuba.  1886,  A.  B.,  Univ.  of  Havana.  188&-89,  Rennselaer 
Polytechnic  Institute.  1890,  With  Thomson-Houston,  installing  electric-li^ht  plants. 
1891-92,  Asst.  Engr.,  Havana  water  works,  in  charge  of  building  reservou^.  1893, 
Ener.  of  Mains  of  Havana  Gas  Co.     1894-1901,  Cons.  Steel  &  Wire  Co.  and  successors. 

Present  position:     1901  to  date.  Chairman  Zinc,  United  States  Steel  Corp. 

Leopoldo  Salazar  Salinas,  El  Oro,  Mexico. 

Proposed  by  P.  A.  Babb,  Ezequiel  Ordofiez,  E.  Gybbon  Spilsbury. 

Bom  1867,  Pachuca,  Mexico.  1889,  Finished  studies  as  surveyor.  1890,  Finished 
studies  as  assayer.  1894,  Finished  theoretical  and  practical  studies  in  the  National 
School  of  Mines  of  Mexico  and  was  graduated  as  Mining  Engineer  and  Metalliu*gist. 
1892-96,  Asst.  Supt.,  Chief  Surveyor  and  Gen.  Supt.,  Exploration  work  at  San 
Rafael  y  Anexas  Co.,  Pachuca.  1896,  Professor  of  Analytical  and  Appb'ed  Mechanics 
at  State  College,  Pachuca.  1897-99,  Gen.  Mgr.,  Rosa  Maria  y  Anexas  Mining  Co., 
Pdnuco,  Durango.  1899-1900,  Gen.  Mgr.,  La  Restauradora  Min.  Co.,  La  Luz,  Crto. 
1900-12,  Consulting  Engr.,  with  office  m  Mexico  City,  La  Restauradora  y  Anexas, 
Taxco;  La  Bohemia  y  Anexas,  Taxco;  Naica,  Chihuahua;  Nueva  Roma,  Guanajuato; 
Cartagena  y  Anexas,  Zacatecas;  El  Planeto  3^^  Xochitl,  Tlapujahua;  El  Encino  y  Anexas, 
Pachuca.  1913,  Chief  Surveyor  and  Supt.  of  Exploration  Works  at  Las  Dos  Estrellas 
Min.  Co.,  El  Oro.  1914,  Gen.  Supt.  and  Associated  Mgr.  of  Las  Dos  Estrellas  Mining 
Co.,  El  Oro. 

Present  position:  Chief  Surveyor  and  Supt.  of  Geological  and  Sampling  Works  at 
Las  Dos  Estrellas  Mining  Co.,  El  Oro. 

Frederick  Sommer  Schmidt,  Salt  Lake  City,  Utah. 

Proposed  by  E.  Gayford,  Bradley  Stoughton,  D.  MacVichie. 

Born  1881,  Paterson,  N .  J.  1895-1900,  College  of  City  of  New  York ;  B.  S.  1900- 
03,  Columbia  Univ.;  M.  E.  1903-06,  Engr.,  Nevada  Cons.  Copper  C5o.,  Ely,  Nev. 
1906-08,  Scouting,  Western  Exploration  Co.,  Butte.  Mont.  1908-09,  Coal  and  iron 
mines,  Virginia.  1909-10,  Inspiration  Copper,  Globe,  Ariz.  1910-11,  Ma^a  Cop- 
per Co.,  Superior,  Ariz.  1911-14,  Consultmg  Engineering,  British  Columbia  Copper 
Co.,  Henry  Krumb,  Gunn  Thomson  Co.,  Thompson  Quincy  Mining  Co.,  Park  City. 

Present  position:  Consulting  Engr. 

Roy  Wilson  Schultz,  Coniston,  Ont.,  Canada. 

Proposed  by  Clarence  G.  Dresser,  John  M.  Sherrerd,  H.  D.  Kinney. 

Born  1884,  Edinburg,  Ohio.  1901,  Ravenna,  Ohio,  High  School.  1900.  Wooster 
Univ.,  Ohio.  1902,  Hiram  College,  Ohio.  1903-06,  Case  School  of  Applied  Science, 
Cleveland.  1906,  Chief  Chemist,  Northwestern  Sugar  Co.,  Billings,  Mont.  1907, 
Smelter  Foreman,  Bingham  Cons.  M.  &  S.  Co.,  Midvale,  Utah.  1908,  Min.  Engr., 
Tenaho  Cons.  M.  &  S.  Co.,  Nevada.  1909,  Utah  Copper  Co.,  Garfield,  Utah.  1910- 
11,  Concentrator  Foreman,  Ohio  Copper  Co.  1912-13,  In  charge  of  testing  and  sam- 
pling dept.,  Ra^  Cons.  Copper  Co. 

Present  position:  1914  to  date,  in  charge  of  concentrating  experiments  for  Mond 
Nickel  Co. 

Fred  Searls,  Jr.,  Goldfield,  Nev. 

Proposed  by  A.  C.  Lawson,  L.  C.  Graton,  J.  W.  Finch. 

Bom  1888,  Nevada  City,  Cal.  1909,  Grad.,  Dept.  Min.  andGeol.,  Univ.  of  Cal.; 
B.  S.;  post-grad,  work  in  geology.  1909^10,  Instructor  of  Mineralogy,  Univ.  of  Cal. 
Engaged  by  several  companies  to  give  expert  testimony  in  mining  suits. 

Present  position :  Geologist,  Goldfield  Cons.  Mining  Co.,  Goldfield,  Nev. 
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Charles  Augustas  Sederholm,  Sand  Coulee,  Mont. 

Proposed  by  F.  W.  C.  Whyte,  C.  W.  Goodale,  John  Gillie. 

Bom  1874,  Sweden.  1902,  Mine  foreman,  Cokedale  Goal  A  Coke  Go:  1906, 
Mine  foreman,  Bridges  Improvement  Co.  1906-12,  Mine  foreman,  Anaconda  Copper 
Mining  Co.,  coal  dept.     1912-14,  Mgr.,  Lochray  Coal  Go. 

Present  position:  Supt.,  Anaconda  Copper  Mining  Co.,  coal  dept. 

W.  W.  Shelby,  Sonora,  Mexico. 

Proposed  by  McHenry  Mosier,  J.  H.  Hedges,  Robert  Peele. 

Born  1888,  Henderson,  Kv.  1904-08,  UnTv.  of  Ky.;  B.  E.  M.  1908-09,  Univ.  of 
Ky.;  B.  G.  E.  1910-11,  Columbia  Univ.:  E.  M.  1909-10,  Sampler  and  Surveyor, 
Smuggler  Union  Mining  Co.  1911-12,  Assayer,  and  later  as  Engineer,  Smuggler 
Union  Mining  Co.,  Telluride,  Colo. 

Present  position:  1913  to  date,  Min.  Engr.,  Moctezuma  Copper  Go. 

-     Gustav  J.  Sieloff,  Reno,  Nev. 

Proposed  by  P.  G.  Spilsbury,  Robert  S.  Hanckel,  F.  Maury  Gillespie. 

Born  1878,  Gold  ffill,  Nev.  1900,  Univ.  of  Nevada;  B.  S.  in  Mining.  1900-02, 
Assayer,  Consolidated  California  &  Vu'ginia  Mg.  Co.,  Virginia  City,  Nev.  1902-03, 
Supt.,  Boston  Mines  Co.,  Costa  Rica.  1903-05,  Mgr.,  Boston  Mines  Co.,  Costa  Rica. 
1906-09,  Engrg.  in  Nevada.  1910,  Supt.,  Nevada  Goldfield  Reduction  Work.  Gold- 
field,  Nev.  1911-13,  Engrg.  in  Nevada.  1913,  Supt.,  Costa  Rica  Esperanza  Mg.  Co., 
Costa^Rica. 

Present  position:  Genl.  Mgr.,  Abangarez  Gold  Fields  of  Costa  Rica. 

Jesse  M.  Smith,  New  York,  N.  Y. 

Proposed  by  E.  G.  Spilsbury,  C.  F.  Rand,  A.  C.  Humphreys. 

Born  1848,  Newark,  Ohio.  1865-68,  Engineerins  at  Rennselaer  Polvtechnic 
Institute,  Troy,  N.  Y.  1869-72,  Enp-.,  Ecole  Centrale  des  Arts  in  Manufactures, 
Paris,  France;  M.  E.  1874-80,  Designing  and  constructing  coal  mines,  Hocking 
Valley,  Ohio.  1880-98,  Consulting  Engr.,  Detroit,  Mich.^  designing  and  superin- 
tending construction  of  special  machinery,  steam  and  electric  power  plants,  etc. 

Pr^nt  position:  1898  to  date.  Consulting  Engr.,  New  York  City. 

Charles  Spearman,  Haileybury,  Ont.,  Canada. 

Proposed  by  J.  F.  Kemp,  C.  P.  Berkey,  M.  T.  Barney. 

Bom  |1881,  Stittsville,  Ont.  1895-97,  Grammar  school  and  high  school.  1906- 
10,  Queen's  Univ^ Kingston,  Ont.;  B.  S.  1911-12,  Columbia  Univ.;  A.  M.  1907, 
Montreal  River  Dist..  charge  of  party  prospecting.  1908-09,  Northern  Ontario, 
charge  of  party  for  Alex.  McKay  of  Montreal.  1910,  Bi^  Dome  Mining  Co.;  De- 
velopment Co.  of  Porcupine  as  Mgr.  1911,  Swastika  Mming  Co.,  Swastika,  Ont. 
1913,  Charge  of  Bumside  Mining  Co.,  Kirkland  Lake,  Ont. 

Ihresent  position:  Genl.  Mgr.,  Kirkland  Goldfields,  Ltd. 

J.  Dana  Sperr,  Oatman,  Ariz. 

Proposed  by  H.  H.  Bradt,  O.  P.  Hood,  F.  W.  Sperr. 

Born  1888,  Columbus,  Ohio.  1909,  Grad.,  Mich.  College  of  Mines;  M.  E.,  Cana- 
dian Copper  Co.,  Elxploration  Syndicate  of  Ont.  1909-11,  Oglebay-Norton  Iron  Co., 
Menonunee  Iron  Range.  1911,  U.  S.  General  Land  Office,  Denver,  Colo.,  and  Port- 
land, Ore.,  Field  Divisions.  1912,  Copper  Range  Cons.  Copper  Co.  1912-13, 
U.  S.  General  Land  Office,  San  Francisco  Field  Div.     1913,  Engr. ,  Rochester,  Nev. 

Present  position:  Mining  Engr.,  Tom  Reed  Gold  Mines  Co. 

Walter  Stalder,  San  Francisco,  Gal. 

Proposed  by  A.  F.  Lucas.  M.  L.  Requa,  G.  Caetani. 

Born  1881,  Oakland,  Cal.  1904,  Univ.  of  Cal.;  B.  S.,  College  of  Chem.  1907, 
Univ.  of  Cal.;  M.  S.  1904-07.  Chemist,  San  Francisco  Chemical  Co.  1907-09, 
Oil  Geologist.  1909-11,  Oil  Geologist,  Nev.  Petroleum  Co.  1911,  Oil  land  valuation 
in  Cal.  fields  for  Union  Oil  Co.  of  Cal. 

Present  position:  1911  to  date,  Geologist,  consulting  and  field  work,  petroleum  and 
non-metals. 

Charles  B.  Stranahan,  New  York,  N.  Y. 

Proposed  by  Louis  D.  Huntoon,  John  H.  Banks,  Robert  Peele. 

Bom  1859,  Saugerties,  N.  Y.  Common  school  education.  Mining  knowledge 
obtained  practically.  1882-89,  Supt.  of  mines  for  the  Davis  Co.  1889-97,  Supt.  of 
mines  for  Davis  Sulphur  Ore  Co.     1897-1905,  Treasurer  of  Davis  Sulphur  Ore  Co. 

Pr^nt  position:  1905  to  date,  Pres.,  Davis  Sulphur  Ore  Co. 
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Karl  P.  Swensen,  Tokyo,  Japan. 

Proposed  by  J.  J.  Martin,  R.  B.  Elder,  J.  S.  Bradford. 

Born  1883,  Minneapolis.  1898-1902,  East  High  School,  Minneapolis,  Minn. 
1902-07,  Univ.  of  Minnesota,  College  of  Engineering;  B.  S.;  School  of  Mines;  E.  M. 
1906,  Levelman,  Topographer.  Oregon  Short  Line,  Salt  Lake  City.  1907,  Draftsman, 
Steptoe  Valley  Mining  &  Smelting  Co^  Draftsman  and  Instrumentman,  L.  M.  Carl, 
Civil  Engr.,  El  Paso,  Tex.  1907-08,  Draftsman  and  Const.  Engr.,  Cia.  Minera  de 
Penoles,  Mapimi,  Dgo.,  Mexico.  1908,  Asst.  Engr.  for  E.  A.  Hag^ott,  E.  M.,  Los 
Angeles,  Cal.  1908-10,  C.  A.  P.  Turner,  Cons.  En^..  Minneapolis,  remforoed  concrete 
construction.  1910-12,  Prof,  of  Mining,  Impenal  Polytechnic  College,  Nanking, 
China. 

Present  position:  Asst.  Genl.  Mgr.,  F.  W.  Home  Co. 

Tracy  Warren  Tingley,  Johnstown^Pa. 

Proposed  by  M.  G.  Moore,  H.  C.  WoUe,  D.  M.  Stackhouse. 

Bom  1883,  Hallstead,  Pa.  1908,  Grad.,  Carnegie  School  of  Tech.;  Civil 
Engr.  1912,  B.  S.  1901-03,  Scranton  Gas  &  Water  Co.,  Scranton,  Pa.  1903-06, 
Temple  Iron  &  Coal  Co.  Summer  1907,  U.  S.  Geological  Survev,  Ohio.  Summer 
1908,  U.  S.  Geological  Survey,  Windber,  Pa.  1908-09,  Engr.  in  charge  pipe  line  and 
dam.     1909-12,  General  construction  work,  Cambria  Steel  Co. 

Present  position:  1912  to  date,  Asst.  Supt.  Coal  Washery,  Coke  Plant,  Cambria 
Steel  Co. 

Walter  E.  Trent,  Reno,  Nev. 

Proposed  by  Frederick  Bradshaw,  K.  M.  Simpson,  W.  H.  Blackburn. 

Born  1883,  Denver,  Colo.  High  school.  Salt  Lake  City,  Utah.  1902-06.  Stanford 
Univ.  1904r-05,  Supt.  Dairy  Farm  Mining  Co.  1901-02,  Asst.  Supt.,  North  Mt. 
Lyell  Min.  Co.,  Tasmania.     Previous  three  years  in  mines,  smelters,  Butte,  Mont. 

Present  position:  1906  to  date,  Mgr.  Tr^t  Engmeering  Co.;  Knight  Trent  Filler 
Co.     Officer  several  small  mining  companies. 

Samuel  John  Truscott,  London,  England. 

Proposed  by  T.  T.  Read,  WUliam  Rrecheville,  W.  H.  Merrett. 

Bom  1870,  Cornwall,  England.  1881-83,  |Taunton  Trade  School,  Southampton. 
1884-85,  Hartley  Institution,  Southampton.  1886-89,  Royal  School  of  Mines,  Lon- 
don: Assoc.  Royal  School  Mines;  Member  Instiution  Minins  and  Metallurgy;  Fellow 
Geol.  Soc.  London.  1889-92,  Gold  and  tin  mining,  Malav  Peninsula  and  Siam. 
1893-98,  Gold  mining,  South  Africa;  1899,  Borneo  and  Celebes;  1900,  West  Africa; 
1901,  Russia.  1902-08,  Gold  and  silver  mining  in  Sumatra.  1908-12,  Consulting 
Engr.,  London. 

Present  position:  Asst.  Prof.,  Royal  School  of  Mines,  London. 

Frederick  Tschudy,  Ensley,  Ala. 

Proposed  by  G.  G.  Crawford,  F.  H.  Crockard,  E.  E.  Ellis. 

Bom  1870,  Winterthur,  Switzerland.  1883,  High  school.  Winterthur.  1887 
Grad.,  Technical  High  School,  Winterthur.  1889,  Asst.  Chief  Draftsman.  G.  F. 
Ott,  Philadelphia.  1891,  Engr.,  R.  D.  Wood  &  Co.,  Camden.  1895,  Supt.  of  shops. 
Standard  Oil  Co.,  Cleveland.  1897,  Engr.,  Cambria  Steel  Co.,  mills  and  coke  ovens, 
Johnstown,  Pa.  1909,  Supt.  Const.,  By  Product  Coke  Dept.,  T.  C.  I.  &  R.  R.  Co., 
Birmingham,  Ala.     1912,  Genl.  Supt.,  Fairfield,  Ala. 

Present  position:  Coke  Oven  Engr.,  T.  C.  I.  &  R.  R.  Co. 

Joseph  B.  Umpleby,  Washington,  D.  C. 

Proposed  by  E.  W.  Parker,  F.  L.  Ransome,  A.  C.  Spencer. 

Born  1883,  Graysville,  Ohio.  1908,  A.  B.,  Univ.  of  Washington.  1909,  M.  S., 
Univ.  of  Chicagfo.  1910,  Ph.  D.,  Univ.  of  Chicago.  1907-14,  U.  S.  Geological  Survey. 
190^10,  Washmgton  Geological  Survey  with  leave  of  absence  from  U.  S.  Geol.  Survey. 

Present  position:  1907  to  date,  U.  S.  Geological  Survey,  now  in  Metalliferous 
Section. 

Edwin  Harold  Walker,  Bingham  Canyon.  Utah. 

Proposed  by  D.  C.  Jackling,  C.  W.  Whitley,  R.  C.  Gemmell. 

Bom  1889,  Minneapolis,  Minn.  1903,  Grades.  1903-07,  East  High  School, 
Minneapolis.  1907-11,  School  of  Mines,  Univ.  of  Minn.;  E.  M.  1911-12,  Stone  A 
Webster,  Engineering  Corporation. 

Present  position:  1912  to  date,  Utah  Copper  Co. 
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George  ThoniAS  Watson,  Fairmont,  W.Va. 

Proposed  by  E.  B.  Moore,  Frank  Haas,  J.  G.  Smvth. 

Bom  1880,  Fairmont.  1895-99,  High  and  normal  schools.  1899,  West  Va.  Univ. 
1900-(^  Mine  Supt.,  Fairmont  Ck>al  Co.  1903-05,  Supt.,  Power  and  Mech.  Depts. 
Cons.  Coal  Co.  1905-08,  Genl.  Mgr.,  Fairmont  &  Clarksburg  Tr.  Co.  1908-10, 
Mgr.  Mines,  Cons.  Coal  Co.     1906-14,  Pres.,  Fairmont  Mining  Machinery  Co. 

Present  position:  1910  to  date,  Vice-President,  Cons.  Coal  Co. 

George  Reid  Wood,  Centralia,  Pa. 

Proposed  by  H.  J.  Heffner,  J.  M.  Humphrey,  F.  M.  Chase. 

Bom  1888.  Pottsville,  Pa.  1911,  Lehigh  Univ.;  E.  M.  1905,  Engrg.  Corps, 
Philadelphia  a  Reading  Coal  &  Iron  Co.;  Pottsville,  Pa.  1906,  Miner's  laborer. 
Phoenix  Fark  Colliery,  Minersville,  Pa.  1907,  Timberman  and  Repairman.  St.  Clair 
Coal  Co.,  St.  Clair,  Pa.  Summer  of  1908,  Surveys  in  S.  C.  for  Sumter  Pine  &  Cynress 
Lumber  Co.,  Sumter,  S.  C.  1911,  Eng.  Corps.,  Cons.  Coal  Co.,  Elkhorn  Div.,  Jenkins, 
Ky. 

Present  position:  Div.  Engr.,  Lehigh  Valley  Coal  Co. 

Edward  Francis  Woodson,  Rock  Springs,  Mo. 

Proposed  by  W.  J.  HaUett,  E.  McAuliffe,  A.  W.  Dickinson. 

Bom  1888,  Rich  Hill,  Mo.  1903-04,  Preparatory  work,  Univ.  of  Arkansas. 
1904r-06,  Civil  Engineering,  Univ.  of  Arkansas.  1908-09,  Special  in  Electrical  and 
Mining  Engineering,  Univ.  of  Arkansas.  1913,  Electricid  Engineering  with  Inter- 
national Correspondence  School.  Scranton,  Pa.  1909-10,  M.  J.  Smith,  McAlester, 
Okla.  1910.  Engr.,  Galloway  Coal  Co.,  Carbon  Hill,  Okla.  1910-11,  M.  J.  Smith, 
McAlester,  Okla. 

Present  position:  1912  to  date,  Resident  Engr.  for  central  Coal  &  Coke  Co., 
Rock  Springs,  Wyo. 

Ira  Lee  Wright,  Pinos  Altos,  N.  M. 

Proposed  by  G.  H.  Cox,  H.  A.  Buehler,  V.  H.  McNutt. 

Bom  1883,  Hughesville,  Mo.  1889-97,  Public  school.  1897-1901,  High  school. 
1901-03,  1905-07.  Mo.  School  of  Mines.  1907,  B.  S.  in  Mine  Engineering.  1911, 
£.  M.,  Mo.  School  of  Mines.  1903-05,  Engr.,  Mendota  Coal  &  Mining  Co.,  Mendota, 
Mo.  1907,  American  Mine  Engineering  Co.,  Joplin,  Mo.;  Transitman,  Shattuck 
Aris.  Mining  Co.,  Bisbee.  Ariz.  1907-08,  Engr.  Dept.  .Calumet  &  Ariz.  Min.  Co., 
Bisbee,  Ariz.     1909-12,  Chief  Engr.  Savanna  Coppr  tk).,  Silver  City,  N.  M. 

Freaent  position :  1912  to  date.  Leasing  and  operating  property  of  Savanna  Copper 
Co.,  Pinos  Altos,  N.  M. 

James  S.  Wroth^  Chuquicamata,  Chile,  S.  A. 

Proposed  by  Frederick  Hellmann,  Edwin  S.  Berry,  Pope  Yeatman. 

Bom  1885,  Albuouergue,  N.  M.  General  education  Albuauerque  public  schools, 
and  Univ.  of  New  Mexico  preparatory  school.  1901-02,  Univ.  of  New  Mexico. 
first  year  engineeoriiu^  work.  1902-06,  Univ.  of  CaJ.,  College  of  Mining;  B.  S.  Special 
geological  work  in  New  Mexico  under  direction  of  W.  G.  I^ht,  Pr^.  Univ.  of  New 
Mexico,  extended  over  several  years  and  at  odd  times.  1906,  Assayer,  Ludwig 
Mining  Co.,  Yerington,  Nev.  1907,  Engineer,  Tonopah  Mining  Co.,  Tonopah,  Nev. 
Also  in  employ  of  W.  V.  Richardson,  U.  S.  Eteputy  Mineral  Surveyor,  Tonopah  and 
Round  Mountain^  Nev.  1908,  Goldfield  Consolidated  Mines  Co.,  Goldfield,  Nev.,  as 
engineer  in  the  nunes  and  on  mill  construction.  1908-11,  Chino  Copper  Co.  as  engi- 
neer and  Asst.  to  Supt.  of  Constmction.  Draftsman  on  construction  work,  Utah  Cop- 
per Co.,  Garfield,  Utah.  1911-12,  Chief  Engineer,  Cinco  Minas  Co.,  Hostotipaquillo, 
Mexico.    Chief  Engineer  for  Santa  F6  Gold  &  Copper  Co.,  San  Pedro,  N.  M. 

Present  position:  Asst.  Mine  Supt.,  Chile  Exploration  Co.,  Chuquicamata,  Chile. 

Alfales  Burgess  Toiing,  Tooele,  Utah. 

Proposed  by  Oscar  M.  Kuchs,  J.  A.  Rule,  William  Wraith. 

Bom  1885.  Salt  Lake  City,  Utah.  1901-03,  Utah  State  School  of  Mines.  1903- 
04,  Univ.  of  Cal.  1904-06,  Columbia  School  of  Mines;  E.  M.  1906-09,  Draftsman 
and  foreman,  Canadian  Copper  Co.  1909,  Prospecting  and  exploration  in  northern 
Ontario.     1910^  Refiner,  Cons.  Mercur  Gold  Mines  Co. 

Present  position:  1911  to  date,  draftsman  and  later  in  charge  of  Sintering  Plant, 
International  Smelting  &  Refining  Co.,  Tooele  Plant. 
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Cesar  ZeUya,  Washington,  D.  C. 

Proposed  by  Kirby  Thomas,  G.  M.  Gouyard,  L.  D.  Huntoon. 

Born  1883,  Chile.  High  School  (Govt.)  1904,  Grad.,  Mining  School  of  Santiago, 
Chile.  1904-07,  Engr.,  Smelting  &  Copper  Mining  Co.  of  Zelaya  HennanoB,Copiapo. 
1907-10,  Genl.  Mgr.,  same  company.  1910-11,  Private  engineering  business  in 
South  Ainerica. 

Present  position:  1911  to  date.  Mining  Engr.  in  commission  of  the  Chilean  Govt 

Associate  Members 

Messmore  Kendall,  New  York,  N.  Y. 

Proposed  by  B.  B.  Thayer.  C.  C.  Burger,  William  Braden. 

Born  1872,  Grand  Rapids,  Mich.  1893,  Columbia  Univ.;  LL.  B.  1894,  Columbia 
Univ.,  Mining.  Interested  in  mining.  Director,  Braden  Copper  Co.  Director, 
Andes  Exploration  Co.    Pres.,  Chile  Bolivia  Co. 

Present  position:  Attorney. 

Adolph  Lewisohn,  New  York^  N.  Y. 

Proposed  by  A.  R.  Ledoux,  James  Douglas,  Thomas  H.  Leggett. 

Born  1849,  Hamburg,  Germany.  Member  of  firm  of  Adolph  Lewisohn  Sl  Co. 
Pres.;  Genl.  Development  Co.  Pres.,  Miami  Copper  Co.  Dir.,  Kerr  Lake  Mining 
Co.  and  other  minmg  companies.  Dir.,  Importers  &  Traders  Natl.  Bank.  Dir., 
U.  S.  Mortgage  &  Trust  Co.  Dir.,  Mechanics  &  Metals  Natl.  Bank.  Dir.,  Crocker- 
Wheeler  Co. 

Roland  Yuenc^mgLuther,  Vivian,  W.  Va. 

Proposed  by  W.  D.  Ord,  H.  N.  Eavenson,  L.  E.  Tiemey. 

Born  1876,  Pottsville,  Pa.  Public  schools  at  Pottsville,  Pa.  Two  years  at  Phillips 
Academy.  Andover,  Mass.  1902-10,  Asst.  Genl.  Mgr.  Peerless  Coal  &  Coke  Co., 
Vivian,  W.  Va. 

Present  position :  1910  to  date,  Vice-President  and  Genl.  Mgr.  Peerless  Coal  &  Coke 
Co.,  Vivian,  W.  Va. 

George  Notinan,  New  York,  N.  Y. 

Proposed  by  James  Douglas,  A.  R.  Ledoux,  C.  H.  Dodge. 

Born  1853,  Brooklyn,  N.  Y.  1898,  Grad.,  Brooklyn  College  and  Polytechnic 
Institute. 

Present  position:  1876  to  date,  Phelps,  Dodge  A  Co.  and  Copper  Queen  Cons.  Min- 
ing Co.,  Detroit  Copper  Mining  Co.,  Moctezuma  Copper  Co.,  Stag  Cafion  Fuel  Co., 
Burro  Mt.  Copper  Co.,  El  Paso  &  So.  Western  R.  R.  Co. 

Changes  of  Address  of  Members 

[Note. — ^It  has  been  suggested  that  the  publication  in  the  BULLETIN  of  the 
changes  of  address  of  members  be  discontinued.  The  Secretary  is  desirous, 
therefore,  of  obtaining  an  eziM'ession  from  members  as  to  the  usefulness  of  this  list 
If  you  consult  the  list  and  find  it  helpful  will  you  write  the  Secretary  to  this  effect] 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  July  10  to  Aug.  10,  1914.  This 
list,  together  with  the  list  published  in  Bulletin  Nos.  88  to  92,  April 
to  Aug.,  1914,  and  the  foregoing  list  of  new  members,  therefore,  supple- 
ments the  annual  list  of  members  corrected  to  Mar.  1,  1914,  and  brings 
it  up  to  the  date  of  Aug.  10,  1914. 

Adams,  Mason  T Seth  Thomas  Clock  Co.,  Thomastou,  Conn. 

Agnbw,  William  C 1735  Wallace  Ave^  Duluth.  Minn. 

Anderson,  Robert  J 10839  Pasadena  Ave.,  (Jleveland.  Ohio. 

Bailey,  A.    C Box    659,    Cobalt,  Ont^    Canada. 

Barker,  Henry  A Care  Graham  Rowe  &  Co.,  Valparaiso,  Cfhile,  S.  A. 

Blackmbr,   W.   D 929  Central  Bldg.,  Los  Anceles,  Gal. 

Braddock,  Homer  F Manor,  Pa. 

Bret,  Jean  Le 44  Avenue  Gabriel,  Paris,  France. 
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BuDBOW,  L.  R Care  Gadsden  Hotel,  Douglas,  Ariz, 

BuBDicK,  Chablbs  A 74  Broadway,  New  York,  N.  Y. 

Bush,    M.    W Box   287,    Birmingham,    Ala. 

Caldwell,   F.   B San   Dimas^   Dur.,   Mexico,  via  Nogales. 

Cabeaoa,  C.  R.  . .  Care  Sociedad  Anonima  Coto  Vicano,  Barquillo  26,  Madrid,  Spain. 

Cabltle,  £.  J Polevskoi  Zavod,  Mramorskaia  Station,  Penn  Govt.,  Russia. 

Cabb,  Hombb  L 247  E.  200th  St.,  New  York,  N.  Y. 

Choatb,  Watne 104  Melbourne  Ave.,  Detroit,  Mich. 

Chubch,  John  A.,  Jb., 107  Russell  Street,  Brooklyn,  N.  Y. 

Cook,  Edwabd  B 1568  E.  108th  St.,  Cleveland,  Ohio. 

CoBBus,  A.  W 2123  Santa  Clara  Ave.,  Alameda,  Cal. 

Cobnell,  Roy  LeGband 1427  W.  52nd  St.,  Los  Angeles,  Cal. 

Cbittenden,  Z  ab  T.  . .  Care  Beaver  Lake  Gold  Min.  Co.,  Beaver  Lake, 

Saskatchewan.     Canada,  via  Las  Pas,  Manitoba,  care  the  Las  Pas  Herald, 

Davibs,    Robebt    G Box   247,    Wonder,    Nev. 

Deacon,  R.  W Care  U.  S.  Metals  Refining  Co.,  Chrome,  N.  J. 

DoNAHOE,    Fbank   T Silver   Bow   Club,    Butte,    Mont. 

DuFPiELn,  MoBSE  S Care  U.  S.  Phosphate  Co^  Salt  Lake  City,  Utah. 

Elgueba,   Manuel, 27  West  Street,   Annapolis,   Md. 

Fabian,  Fbancis  G 534  West  Galena  St.,  Butte.,  Mont. 

FiNAGiN,  Joseph  C,  Jb., Care  Detroit  Copper  Mining  Co.,  Morenci,  Ariz. 

Gatch    Nelson  B. .  .Care  Granby  Min.  &  Smelting  Co.,  Granby,  Newton  Co.,  Mo. 

Gates,  A.  O Care  Dodge  Manufacturing  do.,  Mishawaka,  Lid. 

Goodwin,  R.  H Hill  Cottage,  Seaford,  Sussex,  England. 

Gbaef,  H.  Campbell Room  1005,  29  Broadway,  New  York,  N.  Y. 

Gbaham,  Hebbebt  W 3500  Fifth  Ave.,  Pittsburg,  Pa. 

Ghifpiths,  Howabd  B MendenhalT,  Pa. 

Hall,  Habby  E Virginia  City,  Mont. 

Hambleton.  James  W 1021  Wyoming  St.,  El  Paso,  Texas. 

Hawkins,  Edwin  N 409   Boston    Bldg.,    Denver,    Colo. 

Hjbndbicks,  'Geobqe  F Cobalt  Lake  Mining  Co.,  Ltd.,  Cobalt,  Ont.,  Canada. 

Hoffmann,  Kabl  F 65  London  Wall,  London,  E.  C,  England. 

HoBCABiTAS,  A.  S Care  Tanawah  Gold  Mining  Co.,  Sweet  Water.  Nev. 

Ibwin,  David  D Tyrone,  N.  M. 

Jenks,  Abthub  W Care  General  Delivery,  Berkeley.  Cal. 

Jennings,    Hennen 2221    Massachusetts    Ave.,    Washington,   D.    C. 

Johnson,  C.  B Care  American  Smelting  &  Refining    Co.,    Maurer,   N.  J. 

Johnston,  Chables  W 67  Perrin  St.,  Roxbury,  Mass. 

Jones,  A.  B Care  Arizona  United  Mining  Co.,  Johnson,  Ariz. 

Kelley,  Abthub  L 530  S.  Grape  St.,  Medford,  Ore. 

KiLBOUBN,  William  D 1124   Court   St.,   Pueblo,    Colo. 

Knapp,  Geobge  F Lock  Box  37.  Cleveland.  Ohio. 

KoEHLBB,  Cabl  F 2153  Fairmont  Ra.,  Clevelana,  Ohio. 

Kbausb,   Walteb   B 2920   Virginia   Place,   East   St.  Louis,   111. 

Leach,  Kobebt  H 202  John  St.,  Bridgeport,  Conn. 

Leavell,  John  C Aurora,  Nev. 

Lewisohn,  Julius  A Brown's  Palace  Hotel,  Denver,  Colo. 

Libbiq,  J.  O Box  73,  Sparrows  Point,   Md. 

Lunn,  Robebt,  Jb 70  Brinkerhoff  St.,  Jersey  City,  N.  J. 

McDowell, .J.   C 821   Farmer's   Bk.   Bldg.   Pittsburg.   Pa. 

Macfee,  Robebt Riddersk  Mine,  Oust  Kamenogorsk,  Semipalatinsk^  Sioeria. 

Mabtin,  N.  J Rooms  824r-5,  Foxcroft  Bldg.,  68  Post  St.,  San  Francisco,  Cal. 

Millabd,  Robebt  P 1424   Rockefeller   Bldg.,    Cleveland,    Ohio. 

MiLLWABD,  William .' 343  S.  Dearborn  St.,  Chicago,  HI. 

MrrcHELL,  Thomas  E Miles  City,  Mont. 

MoBSE,    Geobge    H Adamsburg,  Pa. 

MosEB,  Geobge  F Martell,  Amador  Co.,  Cal. 

Nau,  J.  B 82  West  92d  St.,  New  York,  N.  Y. 

Newbebby,  R.  W P.  O.  Box  1477,  Bisbee,  Ariz. 

Nobton,  E.  G 1368  E.  53d  St.,  Chicago,  III. 

Palmeb,  C.  H.,  Jb., Care  Pacific  Mines  Corpn.,  Ludlow  (Stagg  P.  O.),  Cal. 

Palmbb,  I.  A 623  High  St.,    Easton,    Pa. 

Pabbish,  £[abl  C 1105  Oak  Park  Ave.,   Des  Moines,  Iowa. 

Patnb,   Abthub  C Nye   Park   Inn,   Aubumdale,   Mass. 

Pbntland,  W.  J Care  Dorr  Cyanide  Mchy.  Co.,  Denver,  Colo. 

PoGUB,  Joseph  E Northwestern  University,  Evanston.  III. 
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Porter,  J.  C  .Care  Safe  Harbor  Iron  A  Steel  Co.,  42  New  St.,  New  York,  N.  Y. 

Porter,   J.   McD Pierce,   Clearwater  Co.,   Id^lio. 

Ramsay,    Erskine Box    926,    Birmingham,     Ala. 

Reece,  Fred  B Box  213,  Morena,  Arii . 

Remick,  Walter    L Thane,  Alaska. 

RoDGBRS,  Georqb  B St.  Louis  Smelting  &  Refining  Co^  St.  Francois,  Mo. 

RosEWARNE,  D.  D Yudanamutana,  Leighs  Creek,  So.  Australia. 

RuBEL,  Milton  L Pilones  Mg.  Co.,  Topia,  Dgo.,  Mexico,  via  Nogales  and 

Cufiacan,  £.  de  Sin. 

Sandoval,  Aurelio 712  Marsh  &  Strong  Bldg..  Los  Angeles,  Cal. 

ScHiNDLER,  D.  F. . .  Care  Continuous  Zinc  Furnace  Co.,  Box  373,  Hartford,  Conn. 

Schmidt,  William  C,  Jr., Care  B.  C.  Copper  Co.,  Voights'  Camp, 

via  Princeton,  B.  C,  Canada. 

Scott,  W.  G Coronado  Mines,  Metcalf ,  Aria. 

Scott,  W.  N.  Henderson 11  Queen  Victoria  St.,  London,  £.  C,  England. 

SiEBENTHAL,  Wade  A Republic  Iron  Co..  Vulcan,  Mich. 

Slattery,  M.  J 704  N.  63d  Street,  Philadelphia,  Pa. 

Smith,  Albert  W 11333  Bellflower  Ave^ Cleveland,  Ohio. 

Smith,  C.  Albert "Forminiere-Kasai  Diamonds,"  Kinchasa,  Congo  Beige, 

W.  Africa. 
Stephen,  A.  E.  . .  (67  Castelereagh  St.)  G.  P.  O.  Box  1197,  Sydney,  N.  S.  W.,  Australia. 

Stillwagon,  Sam.  C 329  W.  58th  St^  New  York  N.  Y. 

Strand,  Carlylb  H Care  Crown  Cork  &  Seal  Co.,  Baltimore,  Md. 

SwANQUiST,  G.  A 135  W.  Carr  Ave.,  Cripple  Creek,  Colo. 

Tarantous,  Richard Old  Dominion  Co.,  Box  1423.  Globe,  Ariz. 

Taylor,  Henry  B Lake  City,  Hinsdale  Co.,  Colo. 

Van  Siclen,  Matthew Rush,  Marion  Co.,  Ark. 

Wagner,  William  Hupp Milford,  Del. 

Wainewright,  Wilprid  B 61  Gracechurch  St.,  London,  E.  C,  England. 

Wallace,  William  John.  .  .Care  Camphius  &.Rives,  614  Mills  Bide.,  El  Paso,  Texas. 

Waters,  A.  L 146  Van  Ness  Ave..  Los  Angeles,  Cal. 

Weinberg,    E.    A 19   Queen   St.,    Melbourne.  Australia. 

Wherry,  H.  P Care  Field  Mining  &  Milling  Co.,  Scales  Mound,  III. 

White,  James  B 4703  Grand  Boulevard,  Louisville,  I^. 

Wise,  Alfred  L 28  E.  63d  St.,  New  York,  N.  Y. 

Wolf,  W.  A Care  Morococha  Mining  Co.,  Morochocha,  Peru,  S.  A. 

WuENSCH,  C.  E Care  Colonel  Seller's  Mine,  Lead ville.  Cola. 

Young,  William.  A Marysville,  Mont. 

Addresses  op  Members  and  Associates  Wanted 

Name.  Last  address  of  Record,  from  which  Mail  has  been  Returned. 

BoLLEs,  J.  H 114  W.  79th  St.,  New  York,  N.  Y. 

BuRNHAM,  Mather  H London,  E.  C.^  England. 

Butler,   John  Scott San  Luis   Potosi,    Mexico. 

Chamberlain,  John  R.  .  .El  Aguila  Oil  Co.,  Apartado  150,  Tampico,  Tamps.,  Mexico. 

Elliot,  John  L 54  New  Bond  St.,  London,  E.  C.,  England. 

Ferguson,  Claude Wasco,  Kern  Co.,  Cal. 

Hoffmann,  A.  O Handtverkargatan  IS^tockholm,  Sweden. 

Hopkins,  G.  V Glamorgan,  Wales,  Great  Britain. 

Lamb,   W.  H.,  Jr Boylee,   Ala. 

Menefee,  Arthur  B (^ord,  N.  J. 

PiNKHAM,  W.  F Battle  Mountain,  Nev. 

Reynolds,  H.  D.  G Bisbee,  Aria. 

Roberts,    J.    C Brookvale,  Ohio. 

RoDGERS,  Joseph  H Seattle,  Wash. 

Rodriqxtez,  J.  C Coahuila,  Mexico. 

Schmidt,  Henry  C Monterey,  N.  L.,  Mexico. 

Stacpoole,  S.  W 3d  Ave.  de  la  Libertad  No.  5,  Orizaba.,  V.  C,  Mexico. 

Stanley,  James London,  W.,  England. 

Stonestreet,  George  D Haileybury,  Ont.,  Canada. 

Tbel,  William  H 205  19th  Ave.  N.,  Seattle,  Wash. 

Wallace,  Robert Reno,  Nev. 

Warner,    Thor Reno,  Nev. 

Welsh,  Norval  J.  E Qrogrande,  N.  M. 
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Necrology 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  period  July  10  to  Aug.  10, 1914: 

Date  of 

Election.  Name                                                           Date  of  Deoeaae. 

1886                ♦Boyd,JohnY March   9,1914. 

1906              ♦♦Granger,  Arthur  Otis July  30, 1914. 

1904                ♦Gunn,  George  E March  11, 1914. 

1911  ♦Law,  Archibald  F July  18,  1914. 

1912  ♦limbach,  E.  C June  17, 1914. 

1892                ♦McHvain.  TVuuam  R July  26, 1914. 

1871                ♦Potter,  William  B July  14,  1914. 

1874                *RiM;8,  George  W May  16, 1914. 

1883                ♦Whitoomb,  George  D June  22,  1914. 

♦Member.  ♦♦Life  Member. 

Biographical  Notice 

Francis  Caidwdl  Rabbins  was  bom  in  Portland,  Ore..  June  17,  1856,  and  died  of 
pneumonia  at  his  residence  in  Los  Angeles,  Cal.,  June  28,  1914.  In  1877  Mr.  Robbins 
married  Marian  S.  A.  McKinstry.  EUs  father,  George  Collier  Robbins,  was  a  well- 
known  pioneer  in  mining  and  metallurgical  work  in  Oregon  and  Idaho  and  Nevada. 

He  received  his  eduction  in  Portland  Academy;  Upper  Canada  College,  Toronto; 
and  under  private  tutor.  In  1877  he  went  to  Eureka,  Nev.,  and  engaged  in  the 
assaying  and  surveying  business,  subsequently  becoming  Superintendent  of  the  Kit 
Carson  and  Alexandria  mines;  in  1883  ne  was  appointed  Manager  of  the  Eureka 
Consolidated  mines,  remodeling  and  reconstructing  the  company's  reduction  works; 
in  1887-88  he  was  professionally  engaged  in  examinations  in  Central  America,  Oregon. 
Montana,  Idaho,  and  Alabama  and  (^rgia;  in  1889  he  moved  to  San  Diego,  Cal.,  and 
engaged  in  general  practice  until  1896,  when  he  went  to  Leadville,  Colo.,  as  Manager  of 
the  New  Ellkhorn  Mining  Co.  In  1898  he  went  to  British  Columbia  as  consulting 
engineer  for  Mackensie,  Mann  &  Co.,  and  as  Manager  of  the  Dominion  Copper  Co.  at 
Phoenix,  and  the  North  Star  mines  in  the  East  Kootenay  country;  in  1902  he  removed 
to  Los  Angeles,  Cal.,  and  was  engaged  in  general  practice  until  the  time  of  his  death, 
his  duties  taking  him  for  one  season  to  the  placers  near  Nome,  Alaska.  Mr.  Robbins 
became  a  member  of  the  Institute  in  1897,  and  was  a  member  of  the  Executive  Com- 
mittee of  the  Los  Angeles  Section  of  the  Institute  at  the  time  of  his  death. 

A  man  highly  esteemed  in  his  profession  and  dearly  loved  by  those  favored  with  his 
friendship.  S.  F.  Parrish. 

The  foregoing  concise  sketch  prepared  by  S.  F.  Parrish  serves  admirably  as  the 
Institute's  record;  of  a  strong  ana  useful  career.  What  follows  here  is  not  needed  to 
strengthen  the  memorial  in  any  wa3^.  But  the  keen  sense  of  loss  felt  by  his  associates, 
and  the  great  value  of  Frank  Robbins's  services  to  the  Southern  California  Section  of 
the  Institute,  were  known  in  detail  only  to  the  few  who  had  intimate  official  relations 
with  him,  perhaps  to  none  as  fully  as  to  the  writer.  EQs  personality  was  peculiarly  his 
own,  made  up  of  a  unique  blending  of  humor,  optimism,  and  sterling  inte^ity,  which 
alwayB  brought  cheerfulness  and  confidence  into  the  atmosphere  of  his  presence. 
Remarkably  ready  wit  brought  to  bear  on  a  varied  form  of  original  experience  enlivened 
every  meetm^,  leaving  nothmg  of  bad  taste  or  mere  word-play  to  soil  the  memory  of  it. 
As  I  recall  his  numerous  droll  stories  and  the  amusing  recitals  of  his  observations,  I 
cannot  think  of  an  instance  of  cheap  wit  or  pointless  tale  for  the  sake  of  a  laugh; 
and  when  the  business  of  life  exacted  thought  and  toil  there  was  never  an  uncertain  or 
listless  response.  In  the  polity  of  our  Section  are  incorporated  certain  principles 
worked  out  with  care  and  thoughtfulness;  and  of  these,  some  of  the  most  important 
were  first  proposed  and  advocated  by  Robbins.  His  zeal  and  faithfulness  in  attention 
to  the  work  of  his  office  have  had  much  to  do  with  keeping;  alive  the  interests  of  mem- 
bers and  encouraging  his  associates  of  the  Executive  Committee  to  continue  effort  under 
disoburagement.  Eus  cordial,  cheerful,  inspiring  example  will  be  long  and  keenly  missed 
in  our  counseLs,  while  it  serves  as  a  constant  stimulus  to  better  performance  of  the  tasks 
in  hand.  Thbo.  B.  Comstock. 
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EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 
New  York 

L.  W.  FRANCIS,  Chairman,              WILLARD  S.  MORSE.  Vu»-Chaxrman. 
THOMAS  T.  READ.  Secretary,  Woolworth  Bldg..  New  York.  N.  Y. 
P.  A.  MOSMAN.  Treaeurer. 
LOUIS  D.  HUNTOON.  

Boston 

HENRY  L.  SMYTH.  Chairman,  ALFRED  C.  LANE.  Vie»-Chairman. 

AUGUSTUS  H.  EUSTIS.  SecretarwTreaeurer,  131  State  St..  Boston.  Maes. 

TIMOTHY  W.  SPRAQUE,  HENRY  A.  WENTWORTH. 

Columbia 

F.'  A.  THOMSON.  Chairthan,  GEORGE  W.  RODDEWIG.  Viee^hairman. 

LYNDON  K.  ARMSTRONG.  Seeretary-Treaewer,  P.  O.  Drawer  2154.  Spokane.  Wash. 
R.  S.  McCAFFERY.  S.  H.  RICHARDSON. 

Ptiget  Sound 
JOSEPH  DANIELS.  Chairman,  J.  N.  POTT.  Vice-Chairman, 

I.  F.  LAUCKS.  Secretary-Treasurer,  96  Yeder  Way.  Seattle.  Wash. 
A.  F.  BLAIR.  CHESTER  F.  LEE. 

Southern  Ccdifomia 

THEODORE  B.  COMSTOCK,  Chairman,  SEELEY  W.  MUDD.  Viee-Chairman. 

FREDERICK  J.  H.  MERRILL,  Seeretary-Treaeurer,  300  Germain  Bids..  Loe  Angelee.  Cal. 
A.  B.  CARPENTER.  C.  COLCOCK  JONES.] 

Colorado 
FRANK  BULKLEY.  Chairman, 
C.  LORIMER  COLBURN.  Secretary-Treaeurer,  614  Ideal  Bids..  Denver.  Colo. 
S.  A.  lONIDES.  JAMES  M.  MoCLAVE.  DAVID  G.  MILLER. 

Montana 

E.  P.  MATHEWSON.  Chairman,  FRANK  M.  SMITH.  Viee^hairman. 

D.  C.  BARD,  Secretary,  Montana  State  School  of  Mines,  Butte,  Mont. 
JAMES  L.  BRUCE.  OSCAR  ROHN. 

San  Francisco 

S.  B.  CHRISTY.  Chairman.  H.  C.  HOOVER.  Vic0-Chairman, 

ABBOT  A.  HANKS.  Secretary-Treaeurer,  630  Saeramento  St..  San  Pranoisco,  Cal. 

F.  W.  BRADLEY,  C.  W.  MERRILL. 

Penniyloania  Anthracite  Section 
R.  V.  NORRIS.  Chairman, 
CHARLES  F.  HUBER.  Vice-<:hairman,  W.  J.  RICHARDS.  Fie#-CAatrmoii, 

EDWIN  LUDLOW.  Vicc^hairman,  ARTHUR  H.  STORRS.  Vice^hairman. 

CHARLES  ENZIAN.  Secretary-Treaaurer,  U.  S.  Bureau  of  Mines.  Wilkes-Barre,  Pa. 
DOUGLAS  BUNTING.     FRANK  A.  HILL.  ALBERT  B.  JE8SUP, 

RUFUS  J.  FOSTER,        JOHN  M.  HUMPHREY,      ROBERT  A.  QUIN. 

St,  Louis 

HERBERT  A.  WHEELER,  Chairman,  FIRMIN  V.  DESLOGE,  Viee^hairman, 

WALTER  E.  McCOURT.  Secretary-Treaeurer,  Washington  Univ..  St.  Louis.  Mo. 
W.  MALCOLMSON,  R.  A.  BULL,  PHILIP  N.  MOORE. 

Chicago 

ROBERT  W.  HUNT,  Chairman.  J.  A.  EDE,  Vic&-Chairman, 

H.  W.  NICHOLS.  Secretary-Treaeurer,  Field  Museum  of  Natural  History.  Chiea«o.  III. 
F.  K.  COPELAND.  Q.  M.  DAVIDSON. 

UtahrNeoada  Committee 
ROBERT  C.  GEMMELL.  Chairman. 
GEORGE  D.  BLOOD.       LAFAYETTE  HANCHETT.  GEORGE  W.  RITER. 

ERNEST  GAYFORD.        DUNCAN  MacVICHIE. 
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W.  R.  INOALL8, 
JOHN  D.  IRVING. 


STANDING  COMMITTEES 
ExeeuUve 

BENJAMIN  B.  THAYER.  Chairman. 
JAMES  F.  KEMP.  CHARLES  F.  RAND. 

ALBERT  R.  LEDOUZ.  JOSEPH  W.  RICHARDS. 

Memberakip 
EARL  EILER8,  Chaimum, 

JOHN  H.  JANEWAY.  Jb.. 
SIDNEY  J.  JENNINGS. 

Finance 

CHARLES  F.  RAND.  Chairman, 
KARL  EILERS.  W.  L.  SAUNDERS. 

lAbrcary 

E.  QYBBON  SPILSBURY.  Chairman.^ 
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Curves  for  the  Sensible-Heat  Capacity  of  Furnace  Gases 

BT  C.  R.  KUZXLL  AND  G.  H.   WIGTON 

The  Editor  desires  to  call  attention  to  the  charts  in  the  paper  of  the 
above  title  which  were  published  in  the  August  Bulletin  on  pages  2190 
and  2191.  It  was  impracticable  to  include  in  the  Bulletin  charts  of  suf- 
ficient size  to  be  used  as  working  diagrams  for  the  direct  determination 
of  operating  values,  but  the  Institute  is  prepared  to  furnish  copies  of 
these  charts  on  a  large-size  scale,  at  a  moderate  cost,  to  those  who  de- 
sire to  have  them  for  this  purpose. 

Corrections 

Page  2185,  line  3.    For  "is  accessory  apparatus"  read  "in  accessory 
apparatus." 

Pa^e  2188.    Substitute  for  Unes  11  and  12: 

Nitrogen,  oxygen,  carbon  monoxide,      Cp  =  6 .  50  +  0 .  OOIOT 
Hydrogen,  Cp  =  6 .  50  +  0 .  0009T 

Page  2189.    Substitute  for  lines' 4  and  6  under  Example  1: 

H2O    CO2  +  SO2    O2    N2 
8  15  2     75 

Page  2192,  Plate  III.     Scale  on  right-hand  side  is  temperature  in  degrees 
centigrade. 

Page  2194,  lines  3  and  9.    For  "439,500  B.t.u."  read  "449,200  B.t.u." 
For  line  15,  substitute: 

449,200  -  124,900  =  324,300  B.t.u. 

For  line  20,  substitute 

Heat  output    ^   ,^^       179,200X100       ..  ^  , 

-Ti — r-^^r  X   100  =  nnir^rJi  —  =  55.3  per  cent. 

Heat  mput  324,300  ^ 

Page  2195,  line  6  from  bottom.    For  "«,"  substitute  "t." 
Line  8  from  bottom.    For  "  22 .  x  "  read  "  22 . 1 ." 

Page  2196,  center.    Substitute: 

(2,045  X  22.1  X  0.0385)  -f  (2,520  X  4.3  X  0.0335)  +  (2.0+  71.6)  (3^075  X  0.0235) 

(22.1  X  0.0385)  H-  (4.3  X  0.0336)  +  (73.6  X~0.(J235) 
7  4.93 
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Page  2197.     For  line  2  et  seq.,  substitute 

J  (A  +  BT  +  CT^  +  DT»  +  etc.)dT 

Cm(Tit0T2)=      '^-'  -  rr.—    rf^        

A(T2  -  TO  +  2  (T2^  -  Ti^)  +  ^(T2»  -  Ti')  +  etc 

For  line  11  from  bottom,  substitute: 

From'the  figure  Qi  =  Q  +~OQi,  and  Qj  =  Q+  OQ?,  etc. 
Page  2198.     For  Mne  10  et  seq,,  substitute: 

Solving  for  tiO  and  substituting  in  t  =  tiO  +  ti 

.  _   nai_ ma    

mi       mj 
Page  2199,  Table  I.     For  "0"^  read  "c„." 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  bo  preaentMl  in  peraon  at  the 
Pittsburg  meeting.  October,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  disottssion  in  writing  may  be  sent  to  the  Editor.  American  institute  of  Mining  Engineers,  29  West 
39th  Street.  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  speoisJ  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  1, 1914.  Any  discussion 
offered  tnereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Surface  Decarbonization  of  Tool  Steel 

BT  J.  y.   EMMONS,   CLEVELANI),   OHIO 
CPittsburg  Meeting,  October,  1914) 

It  has  long  been  known  that  the  outside  skin  of  tool  steel  frequ^itly 
exhibits  properties  widely  different  from  the  interior  of  the  mass.  Within 
the  last  few  years  it  has  been  generally  recognized  that  many  of  these 
properties  were  due  to  surface  decarbonization.  The  origin  and  effects 
of  this  altering  of  the  composition  have  been  but  little  studied. 

C.  M.  Johnson^  arrives  at  the  conclusion  that,  in  annealing,  "  the  most 
active  agent  in  surface  decarbonization  is  the  rust  or  scale  (present  on  the 
surface),  which  is  actually  reduced  to  metal  at  the  expense  of  the  carbon 
in  the  steel  to  which  it  adheres. "  W.  H.  Hatfield  in  his  admirable  paper. 
The  Chemical  Physics  Involved  in  the  Decarburization  of  Iron-Carbon 
Alloys,*  has  given  us  the  most  tenable  theory  of  the  removal  of  carbon 
from  iron. 

While  Mr.  Hatfield's  work  has  been  principally  done  in  connection 
with  the  annealing  of  whitfe  cast  iron  to  produce  maUeable  castings,  it  is 
frequently  applicable  to  the  decarbonization  of  tool  steel.  The  following 
equations  which  he  proposed  have  been  fully  borne  out  by  the  author's 
experiments: 


2Fe8C  +  2CO2  =  3Fe2  +  4C0 
2C0  +  08  =  2CO2 
2CO2  +  2Fe3C  =  3Fe2  +  4C0 


Continuous 


It  is  the  purpose  of  the  author  to  show,  in  a  quantitative  manner,  the 
effect  of  various  treatments  in  eliminating  the  carbon  in  tool  steel.  Some 
of  the  phenomena  of  the  decarbonized  surface  will  also  be  described, 
as  well  as  the  practical  problems  they  present  to  the  manufacturer  and 
user  of  tool-steel  products. 

A  J-in.  round  bar  of  crucible  steel  having  the  following  composition 
was  selected:  C,  1.15  per  cent.;  Mn,  0.31;  P,  0.022;  Si,  0.16;  and 
S,  0.018  per  cent.  A  microscopic  examination  having  revealed  a 
slight  decarbonization  already  present,  the  bar  was  turned  down 
to  |-in.  diameter  to  remove  all  traces  of  decarbonization.    The  bar  was  in 


*  Journal  of  Industrial  and  Engineering  Chemistry,  vol.  i,  No.  7,  p.  459  (July,  1909). 

*  Journal  of  the  Iron  and  Steel  InstitiUe,  vol.  Ixxix,  p.  242  (No.  1,  1909). 

Digitized  by  VjOOQ  IC 


2234 


THE  SURFACE  DE CARBONIZATION   OF  TOOL  STEEL 


the  annealed  condition,  the  structure  consisting  of  finely  divided  lamellar 
pearlite,  with  many  small  grains  of  globular  cementite.  The  bar  was 
cut  into  test  pieces  of  about  2  in.  in  length.  The  heating  operations  were 
all  conducted  in  an  electric  resistance  furnace  of  the  tube  type.  The 
temperatures  were  regulated  by  means  of  a  Le  Chatelier  thermo-couple. 
Johnson  having  stated  that  he  found  a  slight  decarbonization  upon 
annealing  tool  steel  in  hydrogen,  this  was  first  investigated :  A  test  piece 
was  placed  in  the  furnace  cold  and  gradually  raised  to  a  temperature  of 
1,800**  F.  in  a  current  of  carefully  purified  and  dried  hydrogen.  After 
holding  at  this  temperature  for  3  hr.  the  current  was  shut  oflf  and  the 


Fia.  1. — 100  Diameters. 


piece  was  allowed  to  cool  slowly  in  the  furnace.  On  removal  from  the 
furnace,  the  test  piece  had  a  dull-gray  crystalline  appearance.  Micro- 
scopic examination  revealed  no  sign  of  decarbonization.  A  second  test 
piece  was  placed  in  the  furnace  in  the  same  manner  as  before,  held  at  2,130^ 
F.  for  6  hr.,  and  then  allowed  to  cool  slowly  in  the  furnace.  This  piece 
exhibited  the  gray  crystalline  surface  in  a  still  more  marked  degree.  A 
microscopic  examination  revealed  a  coarse  network  of  cementite  extending 
to  the  extreme  edge  of  the  cross-section,  giving  conclusive  evidence  that 
no  decarbonization  had  taken  place.  (See  Fig.  1.)  This  proves  that 
hydrogen  is  not  a  factor  in  the  elimination  of  carbon  from  steel. 
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The  part  taken  in  the  decarbonization  of  cast  iron  by  iron  oxide  has 
been  investigated  by  Wiist.'  His  conclusions  are  that  ferric  oxide,  at  the 
higher  temperatures,  gives  off  a  part  of  its  oxygen  which  combines  with 
the  carbon  in  the  iron  to  form  CO.  The  CO  stiU  further  reduces  the  ferric 
oxide  to  ferrous  oxide,  being  itself  oxidized  to  COi.  The  COi  again  reacts 
with  the  carbon  in  the  iron  according  to  the  equation  COt  +  C  =  2C0, 
the  process  being  continuous. 

There  is  no  doubt  that  these  reactions  are  veiy  closely  duplicated  in 
the  annealing  of  tool  steel.  The  bars  are  always  covered  with  more  or 
less  hammer  scale  and  rust,  and  are  packed  in  a  closed  pipe  or  box.  The 
principal  difference  is  that,  as  there  is  no  free  carbon  normally  present 
in  tool  steel,  the  elimination  of  the  carbon  is  probably  accomplished 
according  to  the  equation: 


CO,  +  Fe,C  =  3Fe  +  2C0. 


In  order  to  confirm  these  reactions,  and  also  to  determine  the  rate 
at  which  they  proceed  at  various  temperatures,  the  following  experiment 
was  carried  out: 

Pieces  from  the  bar  above  described  were  annealed  in  a  strong  current 
of  pure,  dry  COi,  at  various  temperatures.  The  furnace  was  brought 
to  the  required  heat,  the  pieces  placed  in  it,  held  at  the  heat  for  3  hr., 
and  allowed  to  cool  slowly  in  the  furnace.  Microscopic  examination 
was  then  made  of  the  cross-section,  and  the  depth  of  decarbonization 
measured  by  means  of  a  micrometer  eye  piece.  For  greater  ease  and 
accuracy,  the  decarbonization  was  measured  only  from  the  surface 
to  the  point  of  supersaturation,  or  to  the  point  where  free  cementite  first 
made  its  appearance.  This  point  is  much  more  easily  determined  than 
the  point  where  the  interior  is  first  affected  by  the  elimination  of  carbon. 
Each  figure  of  the  depth  of  decarbonization  given  below  is  the  average 
of  four  measurements  made  at  different  points  of  the  cross-section. 


Piece  No. 

Temperature, 
*  F. 

bonization, 

inches. 

1 

1,360 

0.000 

2 

1,400 

0.007 

3 

1,500 

0,009 

4 

1,600 

0.018 

5 

1,700 

0.025 

6 

1,800 

0.034 

7 

1,900 

0.053 

8 

2,000 

0.072 

*  Metallurgies  vol.  v,  No.  1,  p.  11  (Jan.  8.  1908);  Slahl  und  Eisen,  vol  xxiii,  2, 
No.  20,  p.  1136  (Oct.  15,  1903). 
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A  photomicrograph  of  the  decarbonization  of  piece  No.  3  is  shown  in 
Fig.  2. 

A  micrograph  of  piece  No.  6  is  shown  in  Fig.  3.  The  structure  of 
piece  No.  8,  showing  the  outer  portion  of  the  decarbonization  only,  is 
illustrated  in  Fig.  4. 

These  results  indicate  that  CO2  gives  up  to  the  carbon  very  readily 
one  of  its  atoms  of  oxygen.  When  the  results  are  plotted  in  the  form  of 
a  curve,  with  the  depth  of  decarbonization  as  abscissae  and  the  tempera- 


FiG.  2. — 100  Diameters. 


ture  as  ordinates,  it  is  also  observed  that  the  decarbonization  increases 
at  a  definite  rate  as  the  temperature  is  increased.     (See  Fig.  5.) 

A  similar  experiment  was  then  performed  by  annealing  the  test  pieces 
for  3  hr.  in  a  tube  containing  air  and  to  which  air  had  slight  access 
through  a  small  opening  in  one  end.  As  shown  in  the  following  table, 
the  results  are  very  similar  to  those  obtained  in  an  atmosphere  of  CO2, 
with  the  exception  that  the  rate  of  decarbonization  is  now  slightly  less 
at  all  temperatures: 
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Fig.  3. — 100  Di.\meter8» 


Fig.  4.— 100  DtAhLETEm. 
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Depth  of  Decar- 


J  No. 

Temperature, 

op 

bonizatio 

Inch® 

1 

1,200 

0.000 

2 

1,300 

0.000 

3 

1,400 

0.004 

4 

1,500 

0.006 

5 

1,600 

0.014 

6 

1,700 

0.016 

7 

1,800 

0.025 

8 

1,900 

0.039 

9 

2,000 

0.064 

Temperature, 

Depth  of  Decar- 
bonization, 

Inches 

1,300 

0.000 

1,400 

0.002 

1,500 

0.006 

1,600 

0.012 

1,700 

0.017 

1,800 

0.027 

1,900 

[0.040 

2,000 

0.068 

The  curve  plotted  from  these  results  is  shown  in  Fig.  5 . 
A  similar  experiment  was  then  performed  by  annealing  the  pieces 
for  3  hr.  in  a  current  of  pure,  dry  oxygen. 

The  results  are  very  similar  to  those  obtained  in  airand  COj. 
The  curve  plotted  from  the  following  table  is  shown  in  Fig.  5. 

Piece  No. 

1 
2 
3 
4 
5 
6 
7 
8 

A  test  piece  was  then  annealed  for  3  hr.  at  2,000®  F.  in  a  current  of 
pure,  dry  carbon  monoxide.  Microscopic  examination  revealed  no  trace 
of  decarbonization.  The  CO  used  was  first  freed  from  oxygen  and  CO2 
by  passing  through  a  tube  filled  with  highly  heated  carbon,  and  then 
through  several  wash  bottles  containing  caustic  potash  solution.  A 
flask  of  lime  watei  was  placed  in  the  train  at  both  the  entrance  and  the 
exit  of  the  furnace,  to  detect  any  traces  of  CO2  either  entering  or  escaping- 

A  second  test  piece  was  then  annealed  in  the  same  manner,  except 
that  a  clay  boat  filled  with  hammer  scale  (FesO^  was  placed  in  the  furnace 
in  such  a  position  that  the  current  of  carbon  monoxide  would  pass  over 
it  before  reaching  the  steel.  As  soon  as  the  furnace  reached  its  tempera- 
ture it  was  observed  that  a  gas  was  being  evolved  within  the  furnace. 
A  noticeably  larger  quantity  of  gas  was  escaping  from  the  furnace  than 
was  entering  it.  This  would  indicate  that  the  Fe804  was  probably  giving 
up  part  of  its  oxygen.  This  evolution  of  gas  continued  through  the 
entire  period  of  annealing.    The  gases  escaping  from  the  furnace  were 
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The  COi  was  probably 


found  to  contain  considerable  quantities  of  COi. 
formed  by  the  following  reactions: 

FeaO*  =  3FeO  +  O. 
CO  +  0  =  CO,. 
FeO  +  CO  =  Fe  +  CO,. 

Microscopic  examination  of  the  annealed  specimen  revealed  that  the 
decarbonization  had  penetrated  to  a  depth  of  0.096  in. 

To  test  the  effect  of  water  upon  decarbonization,  a  test  piece  was 
annealed  at  IJOO^  F.  in  a  current  of  steam,  the  water  from  which  the 


1^ 


^^        aoie*  ao88'  o.o48'  ao6t'  aoeo' 
depth  of  degarbonization 

Fig.  5. — Decarbonization  of 
Steel  Annealed  in  Air,  Qxtqen  and 
Carbon  Dioxide. 
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DEPTH  OF  DECARBONIZATION 

Fig.  6. — Effect  of  Repeated  An- 
nealing ON  Decarbonization  of 
Steel. 


steam  was  derived  being  first  freed  from  CO2  and  air  by  prolonged  boil- 
ing. Examination  of  the  annealed  specimen  revealed  a  decarbonization 
to  a  depth  of  0.030  in. 

To  test  the  effect  of  repeated  annealings,  a  test  piece  was  first  packed 
in  a  tube  with  a  small  amount  of  charcoal,  air  being  given  limited  access. 
It  was  then  repeatedly  annealed  for  10  hr.  each  time,  at  a  temperature  of 
1,450®  F.    The  decarbonization  was  measured  after  each  annealing,  the 
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results  being  shown  in  the  following  table.    The  action  was  due  to  the 
COj  formed  by  the  charcoal  and  the  oxygen  of  the  air. 

,,       r  riv         A         1  J         Depth  of  Decarbonization, 
No.  of  Times  Annealed  *^  ^    i. 

Inches 

1  0.009 

2  0.015 

3  0.017 

4  0.015 
6  0.019 

6  0.024 

7  0.026 

8  0.032 

9  0.038 
10  0.040 

The  curve  plotted  from  these  results  shows  that  the  rate  of  increase 
in  depth  of  decarbonization  with  repeated  annealings  is  a  constant. 
(See  Fig.  6.) 

In  all  of  the  experiments  referred  to  above,  decarbonization  has  been 
effected  by  oxygen  in  the  form  of  a  gas.  In  order  to  determine  if  it  is 
necessary  for  the  oxygen  to  be  in  the  form  of  gas  to  combine  with  the 
carbon  in  the  steel,  the  following  experiment  was  performed:  A  crucible 
of  lead  was  saturated  with  lead  oxide  by  the  addition  of  litharge.  A  test 
piece  was  annealed  in  it  for  3  hr.  at  1,500°  F.  Microscopic  examination 
revealed  decarbonization  at  a  depth  of  0.024  in.  This  shows  that  easily 
reducible  oxides  such  as  PbaO,  when  dissolved  in  a  molten  bath,  may 
also  effect  the  elimination  of  carbon. 

The  conclusions  to  be  drawn  from  these  experiments  are  several : 

It  is  shown  that  carbon  is  removed  from  the  steel  by  a  process  of 
oxidation. 

The  oxidation  is  effected  by  either  gases  or  liquids. 

The  principal  active  agents  of  the  gases  are  air,  CO2,  and  water. 

Of  the  liquids  any  good  oxidizing  agent  dissolved  in  a  liquid  bath 
may  be  the  active  agent. 

During  the  annealing  the  CO2  necessary  for  the  elimination  of  carbon 
may  be  formed  through  the  reduction  of  iron  oxide  by  CO. 

No  case  has  been  observed  where  carbon  was  eliminated  while  the 
steel  was  heated  bebw  its  critical  point.  This  indicates  that  it  is  neces- 
sary for  the  carbon  to  be  dissolved  in  the  iron  before  decarbonization 
can  take  place. 

It  has  been  shown  that  the  rate  of  decarbonization  under  uniform  con- 
ditions is  constant,  without  regard  to  the  depth  to  which  it  has  proceeded. 
From  this  we  may  infer  that  the  carbon  is  transferred  from  the  interior 
to  the  surface  by  diffusion  through  the  solid  solution.  The  oxidation 
takes  place  only  at  the  surface. 
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Practical  Applications 

The  decarbonization  of  steel  is  of  great  practical  interest  to  every 
user  of  tool-steel  products.  With  but  few  exceptions,  all  tool  steel 
furnished  by  the  makers  shows  decarbonization  to  a  greater  or  less  de- 
gree. This  is  the  result  of  various  hfeating  processes  during  manufacture. 
The  decarbonized  surface,  or  "  bark,"  as  it  is  commonly  called,  must  be 
removed  before  the  steel  is  used  for  cutting  tools,  wearing  surfaces,  etc. 
The  depth  of  bark  may  vary  greatly  owing  to  oxidizing  conditions  during 
the  hammering,  rolling,  and  annealing  of  the  rough  material. 

The  most  common  method  of  inspection  consists  of  hardening  a  piece 
of  the  material,  breaking,  and  examining  the  hardened  fracture  by  means 
of  the  naked  eye  or  hand  magnifier.  The  bark  is  thus  distinguished  by 
its  fracture  being  coarser  than  the  high-carbon  interior.  To  examine 
the  reliability  of  this  method  the  following  experiment  was  performed: 

A  bar  of  i-in.  round  crucible  steel  was  selected,  having  the  same 
composition  as  the  one  used  in  the  previous  series  of  experiments.  It 
was  annealed  and  examined  microscopically.  The  bark  was  found  to  be 
approximately  0.015  in.  in  depth.  Pieces  were  cut  from  this  bar  and 
hardened  at  various  temperatures.  Microscopic  examination  was  then 
made  of  a  piece  hardened  at  each  temperature,  the  decarbonization  being 
measured  to  the  point  where  the  normal  structure  of  the  interior  began. 

The  depths  of  bark  shown  by  the  microscope  on  the  various  pieces 
were  as  follows: 

Piece  No. 

1 
2 
3 
4 
5 
6 
7 
8 

The  increase  in  the  amount  of  bark  observed  with  the  increase  in 
temperature  is  of  course  due  to  the  fact  that  an  increased  amount  of 
cementite  is  held  in  solution  by  quenching  from  the  higher  temperatures. 

The  examination  of  the  hardened  fractures  gave  the  following 
results. 

No.  1  was  only  slightly  hardened.  The  bark  scarcely  shows  at  all 
in  the  fracture. 

No.  2  gives  only  a  very  slight  indication  of  bark. 

No.  3  no  indication  of  bark. 

No.  4  very  slight  indication  of  bark. 


Temperature 

of 

Depth  of  Bark, 

Hardening,  ** 

F. 

Inches 

1,370 

0.015 

1,380 

0.018 

'      1,390 

0.018 

1,415 

0.018 

1,436 

0.021 

1,460 

0.020 

1,490 

0.024 

1,530 

0.027 
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No.  5  bark  shows  more  distinctly  but  only  in  spots. 

No.  6  bark  shows  fairly  distinctly. 

No.  7  bark  very  distinct. 

No.  8  the  fracture  of  the  interior  has  become  so  coarse  that  there 
is  no  distinction  between  it  and  the  bark. 

This  method  of  inspection  is  therifore  reliable  only  when  the  harden- 
ing heats  are  carefully  regulated  and  the  residts  frequently  checked  by 
microscopic  examination. 

The  method  of  inspection  which  the  author  has  found  to  be  the 
most  satisfactory  is  by  microscopic  examination  of  an  annealed  speci- 
men. The  amount  of  carbon  present  and  the  exact -condition  of  the 
bark  can  be  determined  very  readily.  Measurements  of  the  depth  of 
decarbonization  may  be  made  with  a  micrometer  eye  piece. 

In  the  machining  of  tool  steel,  bark  presents  serious  difficulties. 
It  is  a  well-known  fact  among  machinists  that  tool  steel  is  frequently 
very  difficult  to  machine  near  the  surface.  Also  that  after  this  hard 
bark  is  removed  very  little  difficulty  is  encountered.  This  condition 
is  almost  invariably  due  to  the  surface  decarbonization  of  the  steel. 

A  typical  example  of  this  difficulty  is  found  in  turning  twist-drill 
blanks  from  the  round  bar.  Here  it  is  sometimes  observed  that  Hie 
outside  of  the  bar,  to  a  depth  of  several  thousandths  of  an  inch,  is  very 
soft.  Beneath  this  it  a  ring  about  ^  in.  in  thickness,  so  hard  that  it 
cuts  a  nick  in  the  lathe  tool.  Below  this  ring  the  piece  is  uniformly 
soft. 

Microscopic  examination  of  such  a  piece  reveals  that  the  extreme 
outside  of  the  bar  consists  of  either  ferrite  or  ferrite  mixed  with  pearlite, 
which  Would  of  course  machine  as  easily  as  machinery  steel .  The  hard 
ring  is  found  to  consist  of  nearly  pure  pearlite  in  very  coarse  crystalline 
grains.  The  soft  interior  consists  usually  of  finely  divided  pearlite  and 
globular  cementite,  which  also  machines  with  great  ease.  Such  a  bark 
is  shown  in  Fig.  7.  The  structure  of  the  band  of  pure  pearlite  magnified 
1,000  diameters  is  shown  in  Fig.  8. 

In  case  a  piece  of  tool  steel  is  being  machined  in  such  a  way  that  only 
a  part  of  this  layer  of  course  pearlite  is  removed  still  greater  difficulty 
is  encountered.  The  surface  of  the  work  will  te  rough  and  the  point 
of  the  tool  will  be  worn  out  with  great  rapidity.  The  rapid  wearing  of 
the  tool  makes  it  impossible  to  hold  a  uniform  size  on  any  number  of 
pieces  of  work. 

The  cause  of  this  layer  of  coarse  crystals  is  the  difference  between 
the  critical  points  of  eutectoid  and  hypereutectoid  steel.  At  the  correct 
temperature  for  annealing  the  hypereutectoid  steel,  the  eutectoid  is 
far  enough  above  its  critical  point  to  allow  the  crystalline  grains  to  grow 
to  considerable  size. 

The  fact  that  eutectoid  steel  with  the  pearlite  arranged  in  coarse 
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Fio.  7. — 100  Diameters. 


Fig.  8.-1,000  Diameters. 
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grains  is  more  difficult  to  machine  than  hypereutectoid  steel  in  fine  grains 
seems  at  first  suf  prising.  This  is  easily  explained  when  we  consider  the 
manner  in  which  the  steel  yields  under  stress  and  effect  of  the  various 
micro-constituents  upon  the  cutting  tool. 

It  has  been  shown  by  several  investigators  that  a  tool  when  removing 
a  chip  from  a  piece  of  metal  splits  it  off  by  an  action  similar  to  a  wedge. 
In  this  case  the  hardest  wear  on  the  tool  occurs  not  at  the  extreme  point 
but  a  short  distance  back  from  the  point  where  the  pressure  of  the  chip 
is  greatest.     Fig.  9  shows  this  condition  on  an  exaggerated  scale. 

It  will  readily  be  seen  that  there  is  always  a  crack  running  ahead  of 
the  tool  as  it  is  forced  through  the  material  that  is  being  cut.  When  the 
tool  is  cutting  in  coarse  pearlite  the  crack  will  naturally  follow  the  lines 


Fia.  9. — Diagram  Illustrating  Action  op  Metal-Cutting  Tools. 


of  least  resistance.  These  are  the  boundary  lines  of  the  grains  and 
through  the  grain  in  the  direction  of  the  laminations.  This  being  .the 
case,  it  follows  that  the  larger  the  size  of  the  crystalline  grains  and  the  more 
distinct  the  lamellar  structure,  the  more  irregular  will  be  the  crack  and 
the  rougher  the  resulting  surface.  Such  a  crack  passing  through  a  mass 
of  coarsely  crystalline  pearlite  is  shown  in  Fig.  10. 

The  very  rapid  wear  on  the  cutting  tool  engaged  in  cutting  coarse 
pearlite  is  probably  due  to  two  causes: 

First,  the  rough  surface  left  by  the  crack  running  ahead  of  the  tool 
greatly  increases  the  amount  of  work  and  friction  on  the  extreme  cutting 
edge.     The  point  of  the  tool  is  obliged  to  rub  over  many  protruding  grains 
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of  pearlite  and  sometimes  to  work  in  and  tear  others  out  entirely.  The 
result  of  this  extra  work  is  to  round  off  the  cutting  edge  rapidly  and 
increase  the  friction,  until  the  point  is  entirely  destroyed  by  the  heat 
generated. 

The  second  cause  of  the  extreme  wear  on  a  cutting  tool  working  in 
coarse  pearlite  is  the  great  abrasive  quality  of  cementite  when  firmly 
held  by  the  alternate  plates  of  ferrite.  The  sharp  angular  plates  of  hard 
cementite  in  coarsely  lamellar  pearlite  have  a  much  giieater  abrasive 
action  than  the  rounded  masses  of  globular  cementite  in  well-annealed 
hypereutectoid  steel.  A  grain  of  coarsely  lamellar  pearlite  exhibiting 
this  feature  is  shown  in  Fig.  11. 


-■     '       ... -.^v      - ^: 
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>> 

1- 

Fig.  12. — 60  Diameters. 

A  still  more  difficult  form  of  bark  to  machine  is  one  which  has  a  band 
of  coarse  hypereutectoid  steel  below  the  band  of  coarse  pearlite.  In 
this  case  the  coarse  grains  of  pearlite  are  bounded  by  a  cementite  net- 
work, which  seems  to  add  greatly  to  the  diflSculty  of  machining.  Fig. 
12  shows  a  bark  in  which  this  phase  is  marked.  At  the  edge  of  the  bar 
is  a  band  about  0.017  in.  in  width  of  mixed  ferrite  and  pearlite  in  small 
grains.  Below  this  is  a  band  of  pure  pearlite  about  0.030  in.  in  width, 
with  large  crystalline  grains.  Below  this  is  a  band  of  coarse-grained 
hypereutectoid  steel  about  0.030  in.  in  width,  the  grains  of  pearlite  being 
surrounded  by  a  coarse  network  of  cementite.     Below  this  is  the  normal 
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structure  of  the  interior,  which  is  very  fine-grained  pearlite  with  small 
masses  of  globular  cementite.  In  this  piece  of  steel  the  band  of  ferrite 
mixed  with  pearlite  and  the  hypereutectoid  interior  of  the  bar  are  very 
easy  to  machine.  The  bands  of  coarse  pearlite  and  coarse  pearlite 
surrounded  by  a  cementite  network  are  extremely  difficult  to  machine. 

If  a  piece  of  tool  steel  upon  which  a  bark  yet  remains  is  hardened 
it  is  apparent  that  the  surface  will  be  hardened  only  in  proportion  to  the 
carbon  it  contains.  This  may  vary  down  to  the  point  where  the  surface 
does  not  contain  enough  carbon  to  harden  at  all.    In  the  great  majority 


Fig.  13. — 100  Diameters. 

of  cases  where  tool  steel  is  used  for  bearings,  dies,  and  cutting  tools  the 
most  severe  wear  must  be  borne  by  the  surface  or  extreme  edge.  For 
instance,  in  the  case  of  twist  drills,  a  bark  remaining  on  the  tool  would 
cause  the  outside  point  of  the  cutting  edge,  where  the  speed  and  wear  are 
greatest,  to  be  soft.  This  would  result  in  the  rapid  wearing  of  the  outside 
comer,  causing  the  drill  to  run  undersize  and  so  increase  the  friction  as 
soon  to  destroy  the  whole  point  of  the  drill.  The  efifect  of  lowering  the 
carbon  content  of  the  surface  of  a  die  or  bearing  even  10  or  20  points  is 
very  apparent. 

Bark  is  also  a  frequent  cause  of  checks  and  firecracks  in  hardened 
tools.    One  illustration  of  this  difficulty  is  shown  in  Fig.  13,  where  there 
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is  a  sharp  line  of  demarcation  between  the  bark  and  the  structure  of  the 
interior.  In  this  case,  when  the  tool  is  quenched,  a  crack  is  liable  to 
start  and  run  along  the  boundary  between  the  bark  and  the  interior. 

A  second  case  in  which  bark  left  on  a  tool  may  start  firecracks  is  where 
the  coarse  network  of  cementite,  as  shown  in  Fig.  12,  is  present.  This 
cementite  network  is  very  liable  to  start  a  check  or  firecrack  which  will 
ruin  the  tool.  The  manner  in  which  a  cementite  network  starts  hardening 
cracks  has  been  more  fully  discussed  in  a  previous  paper.  * 

These  remarks  on  the  practical  applications  of  a  knowledge  of  the 
decarbonization  of  tool  steel  include  but  a  few  of  the  many  difficulties 
which  may  be  traced  to  this  source.  Each  manufacturer  and  user  of 
tool-steel  products  has  of  course  his  own  difficulties  with  decarbonization, 
which  can  be  solved  only  by  research  within  his  own  shop. 

In  view  of  the  eflfect  of  decarbonization  upon  the  quality  of  tool-steel 
products  it  is  surprising  that  so  small  an  amount  of  attention  has  been 
paid  it. 

*  Iron  Age,  vol.  Ixxxix,  No.  8,  p.  472  (Feb.  22,  1912). 


Digitized  by 


Google 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OP  MINING  ENGINEERS 
[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  pnfeiubly  be  praMsted  in  penon  at  the 
Pittsburg  meeting,  October,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  institute  of  Mining  Engineers.  39  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  1, 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Salt  Making  by  Solar  Evaporation* 

BY  W.  C.  PHALEN,  WASHINGTON,  D.  C. 
(Pittsburg  Meeting.  October.  1914) 

Salt-Making  Processes 

The  production  of  salt  in  the  United  States  divides  itself  at  the  outset 
into  two  distinct  classes:  (1)  The  mining  of  rock  salt  and  its  purification 
and  separation  into  marketable  sizes,  and  (2)  the  production  of  salt  by 
evaporation  from  brines,  bitterns,  and  other  solutions. 

The  processes  employed  at  the  present  time  in  the  manufacture  of  salt 
by  evaporation  may  be  outlined  as  follows: 

1.  Solar  evaporation. 

2.  Direct-heat  evaporation  (a)  in  open  kettles;  (5)  in  open  pans. 

3.  Steam  evaporation ,  (a)  in  jacketed  kettles,  (b)  in  grainers. 

4.  Vacuum-pan  evaporation. 

In  this  paper  only  the  solar-evaporation  processes  practised  in  different 
parts  of  the  United  States  will  be  described. 

Solar  Evaporation 
Localities 

In  the  Eastern  States  the  solar-evaporation  process  is  not  generally 
employed  for  climatic  reasons.  In  the  Western  States,  particularly  in 
California  and  Utah,  the  great  bulk  of  the  salt  produced  originates  in  the 
solar-evaporation  process.  Of  the  Eastern  States  producing  salt,  this 
process,  so  far  as  the  writer  is  aware,  is  employed  in  New  York  State  only. 

New  York^ 
Introduction 

The  manufacture  of  salt  by  solar  evaporation  began  in  the  vicinity 
of  Syracuse,  Onondaga  county,  in  1789.     A  natural  brine  68°  to  80° 

*Publi8hed  with  the  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 

*  In  the  preparation  of  this  portion  of  the  chapter  on  solar  evaporation,  the  author 
has  made  free  use  of  the  works  of  F.  E.  Englehardt;  Bullelin  No.  11,  N.  Y,  State 
Museum^  pp.  38  to  44  (1893),  and  T.  M.  Chatard;  Salt-making  Processes  in  the 
United  States,  7th  Annual  RepoH,  U.  S.  Geological  Survey,  pp.  506,  507,  (1888). 
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salometer,  with  17  to  20  per  cent,  sodium  chloride,  was  and  is  still  used. 
The  brine  is  stored  in  glacial  gravels  and  was  evidently  formed  by  the 
circulation  of  ground  waters  through  adjacent  beds  of  rock  salt. 

But  a  small  part  of  the  evaporated  salt  manufactured  in  New  York  is 
now  made  by  the  solar  process.  Its  manufacture  is  limited  to  Syracuse 
and  vicinity,  where  it  has  survived  from  the  early  days  of  the  industry. 
Though  it  has  now  lost  some  of  its  former  importance,  up  to  the  year 
1880,  the  time  when  the  beds  of  rock  salt  in  the  western  part  of  New 
York  State  began  to  be  utilized,  Onondaga  county  supplied  the  whole 
output  of  the  State  in  rock  salt.  A  large  part  of  the  total  now  returned 
for  the  county  represents  the  salt  in  brine  consumed  in  the  manufacture 
of  soda.  The  solar  salt  produced  is  mainly  coarse  salt  and  is  used  for 
practically  the  same  purposes  as  rock  salt.  It  is  marketed  through  the 
Onondaga  Coarse  Salt  Association. 

The  wells  are  located  on  lands  once  included  within  the  Onondaga 
Indian  reservation;  and  until  recently  the  State  supplied  the  brine  to  the 
individual  plants,  exacting  a  small  tax  on  the  product  to  cover  costs  of 
pumping  and  supervision.  The  lands  and  wells  were  sold  in  1908  to 
private  companies,  namely,  the  Onondaga  Pipe  Line  Co.  and  the  Mutual 
Pipe  Line  Co.  of  Syracuse,  the  transfer  being  made  for  a  nominal  sum. 
This  transfer  definitely  terminated  the  historic  connection  of  the  State 
with  the  salt  business. 

Solar  salt  is  made  from  a  natural  brine — the  only  instance  of  its  use  in 
New  York.  The  process,  of  course,  is  carried  on  only  during  the  spring, 
summer,  and  fall  months,  usually  from  the  middle  of  March  to  the  middle 
of  November,  depending  on  the  weather. 

Method  of  Manufacture 

Former  Method. — The  manufacture  of  solar  salt  in  New  York  was 
formerly  carried  on  in  shallow  wooden  vats  or  "  covers, "  provided  with 
light  movable  roofs  running  on  rollers.  During  the  evaporation  season 
the  roofs  were  removed  to  one  side,  but  replaced  during  rainy  weather, 
and  at  the  end  of  the  salt-making  seasoii.  There  were  ordinarily  three 
sets  of  vats  or  "rooms,"  known  respectively  as  "deep  rooms,"  "lime 
rooms,"  and  "salt  rooms." 

The  deep  rooms  served  for  the  reception  of  the  brine  from  the  well  or 
pump  house.  When  first  pumped  the  brine  was  usually  perfectly  clear, 
but  with  the  escape  of  gases  (COj),  ferrous  carbonate  separated,  which 
oxidized  to  the  hydrated  ferric  oxides,  and  settled  out  as  a  yellow  mud, 
leaving^the  clear  brine. 

The  lime  rooms  were  constructed  nearer  the  ground  than  the  deep 
rooms,  the  clear  brine,  being  drawn  from  the  higher  deep  rooms  into  the 
lower  or  lime  rooms.  Evaporation  continued  in  the  latter  until  the  brine 
became  saturated  and  salt  crystals  began  to  separate.    During  this 
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process,  particularly  when  the  brine  was  near  the  point  of  complete 
saturation,  gypsum  began  to  separate.  The  brine,  now  fully  saturated 
and  known  as  "pickle/*  went  to  the  lowest  set  of  rooms,  known  as  the 
salt  rooms.  Here  the  salt  and  the  remainder  of  the  gypsum  separated, 
sufficient  pickle  being  added  from  the  lime  room  from  time  to  time  to 
keep  the  salt  crystals  well  covered.  The  term  "lime  room"  in  the  above 
descriptions  is  somewhat  misleading  as  no  lime  was  used  in  the  process. 
When  sufficient  salt  collected  in  the  salt  rooms  it  was  harvested.  This 
took  place  generally  three  times  during  a  season. 

Present  Method. — ^The  process  described  above  was  the  orginal  method 
of  solar  evaporation.  Great  improvements  have  been  made  in  it,  one  of 
the  greatest  being  the  replacement  of  the  deep  rooms  and  lime  rooms,  by 
"aprons, "  whereby  the  evaporating  sm*face  and  the  yield  of  salt  per  cover 
(288  sq.  ft.),  have  been  greatly  increased.  The  aprons  are  large  troughs 
from  15  to  20  ft.  wide,  about  3  in.  deep,  and  varying  greatly  in  length. 
They  are  generally  erected  over  the  deep  rooms  serving  as  roofs,  thus 
making  store  rooms  for  the  saturated  brines  of  the  deep  rooms.  They 
are  built  on  piles  or  posts,  and  are  so  constructed  that  brine  or  rain  water 
falling  on  them  iBows  toward  two  sets  of  holes  provided  with  wooden  plugs, 
the  grade  of  flowage  being  1  in.  per  100  ft.  One  set  of  holes  communicates 
with  the  deep  rooms.  The  brine  run  on  to  the  aprons  often  becomes 
saturated  in  one  good  drying  day.  It  is  then  discharged  into  the  deep 
room  below  and  its  place  taken  by  a  fresh  portion  of  brine.  When  rain 
is  expected  the  plugs  over  the  cisterns,  or  deep  rooms,  are  drawn  and  the 
brine  which  flows  into  them  is  thus  saved  from  dilution.  The  plugs  are 
then  replaced  and  the  other  set  removed,  thus  allowing  the  rain  water  to 
flow  to  waste.  When  clear  weather  returns,  the  partially  concentrated 
brine  is  returned  to  the  aprons  by  pumps. 

"The  great  advantage  of  this  improvement  lies  in  this — that  the 
brine  is  concentrated  and  purified  while  being  transported  to  the  covers; 
the  great  length  and  width  of  the  aprons,  the  shallowness  of  the  layer  of 
brine  and  its  complete  exposure  to  the  sun,  air,  and  wind  greatly  facilitate 
purification  and  evaporation  while  permitting  the  use  of  the  entire  number 
of  covers  for  salt  making,  instead  of  having  as  formerly  one-third  of  the 
total  number  taken  up  for  lime  rooms  and  deep  rooms. "  In  this  way  the 
production  of  solar  salt  during  a  given  season  has  been  greatly  increased 
per  cover.  As  the  capital  invested  in  covers  is  considerable,  the  economy 
of  the  process  is  readily  seen.     (Figs.  1  and  2.) 

Utah 

The  Water  of  Great  Salt  Lake 

Salt  is  obtained  from  the  water  of  Great  Salt  Lake.  According  to 
different  authorities  who  have  analyzed  the  lake  water,  the  chief  differ- 

Digitized  by  VjOOQ  IC 


2252 


SALT    MAKING  BY    SOLAR    EVAPOIUTION 


Fig.  1.— Yard  of  SaUna  Salt  Co.,  Syracuse,  N.  Y. 


Fig.  2.— Loading  Wagons,  SaUna  Coarse  Salt  Co.,  Syracuse,  N.  Y. 


Fig.  3.— Harvesting  Salt,  Inland  Crystal  Salt  Co.,'^Saltair,  Utah, 
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ences  in  the  results  are  in  the  degree,  but  not  the  character,  of  the  salinity- 
It  is  to  be  expected  that  the  former  would  change  with  greater  or  less 
dilution,  as  the  waters  of  the  lake  rise  or  fall,  from  local  or  other  causes. 
Although  the  degree  of  salinity  of  the  lake  is  variable,  ranging  approxi- 
mately from  four  to  seven  times  that  of  ocean  water,  the  composition  of 
the  saline  matter  contained  in  it  is  much  like  that  found  in  ocean  water. 
The  following  analyses  show  the  composition  of  the  salts  contained  in  the 
water: 

Analyses  of  Salts  in  Water  from  Great  Salt  Lake* 

12345678 

CI 55.99    56,21    66.67     56.64    55.69    55.25    65.11     53.72 

Br trace     trace      trace     

SO4 6.57       6.89      6  86      5.97      6.52      6.73       6.66      5.95 

COs 0.07     

Li trace     0.01     trace     

Na 33.15    33.45    33.17    33.39    32.92    34.65    32.97    32.81 

K .1.60      (?)         1.59      1.08       1.70      2.64      3.13      4.99 

Ca 0.17       0.20      0.21       0.42       1.05      0.16      0.17       0.31 

Mg 2.52       3.18      2.60      2.60      2.10      0.57       1.96      2.22 

FezOj,  AI2O1,  SiO, 0.01     

100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00 
Salinity,  per  cent....   14.994  13.790  15.671  19.558  «23.036  27.72    22.99     17.68 
•More  correctly,  230.355  g.  per  liter. 

Compared  with  the  analyses  of  sea  water,  the  sodium  is  higher,  and 
the  lime  and  magnesia,  especially  the  former,  are  distinctly  lower.  Car- 
bonates are  nearly  entirely  absent,  but  are  present  to  an  appreciable  extent 
in  ocean  water.  There  are  other  variations  in  composition  between  lake 
and  ocean  water,  but  in  general  they  are  of  the  same  type.  Additional 
analyses  appear  in  a  monograph  by  Gilbert.^  Gilbert  states  (p.  253) 
that  the  quantity  of  sodium  chloride  contained  in  the  waters  of  the  lake 
is  about  400,000,000  tons  and  that  the  amount  of  sodium  sulphate  is 
about  30,000,000  tons.  In  the  same  volume  Gilbert  also  considers  the 
different  surveys  made  of  the  lake,  the  depth  of  water,  the  oscillations  of 
its  surface,  the  changes  and  the  causes  of  change  in  its  area,  the  sources  of 
its  saline  matter,  together  with  the  rate  and  period  of  its  accumulation. 

The  Salt  Industry 

Salt  has  been  made  by  tl^  solar-evaporation  process  for  many  years 
along  the  shores  of  Great  Salt  Lake,  the  industry  dating  in  fact  from  the 
early  settlement  of  the  region.     A  small  amount  of  «alt  is  reported  as 

»  Taken  from  F.  W.  Clarke:  Data  of  Geochemistry;  Bulletin  491,  U.  S.  Geological 
Survey,  p.  144. 

*  Gilbert,  G.  K.:  Lake  Bonneville,  Monograph^  U.  S.  Geological  Survey,  vol.  i,  pp. 
253  to  254  (1890). 
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having  been  made  recently  at  Promontory  Point,  Box  Elder  county; 
Withee,  Weber  county;  Syracuse,  Davis  county;  and  at  Garfield,  Salt 
Lake  county.  Fifteen  miles  west  of  Salt  Lake  City,  near  Saltair,  is  the 
plant  of  the  Inland  Crystal  Salt  Co.  The  operations  at  the  latter  place 
are  by  far  the  most  elaborate  ever  attempted  along  the  lake  shore.  The 
process  of  obtaining  salt  near  Saltair  is  described  below. 

The  brine  is  pumped  from  the  lake  into  a  flume  in  which  it  is  carried 
about  3  miles  to  the  ponds,  where  concentration  and  crystallization  are 
effected.  The  ponds  are  designated  from  the  processes  taking  place  in 
them  as:  Settling  ponds,  stock  or  evaporating  ponds,  and  crystallizing 
or  harvesting  ponds.  The  ponds  are  separated  from  each  other  by  clay 
embankments  held  in  place  by  boards  set  on  edge.  These  clay  levees  are 
2  ft.  wide  and  22  in.  high.  Pumping  begins  in  April  and  continues  until 
the  first  of  September,  excepting  during  times  of  storm.  Evaporation 
goes  on  approximately  at  the  same  rate  as  pumping,  which  is  about 
5,000  gal.  per  minute,  averaging  16  hr.  per  day  from  the  middle  of  June 
to  the  middle  of  September — the  season  of  greatest  dryness  and  hence  of 
maximum  evaporation.  Pumping  is  regulated  so  as  to  maintain  the  level 
of  the  brine  in  the  ponds. 

The  brine  from  the  lake  goes  first  to  the  settling  ponds,  where  it  is 
allowed  to  remain  five  to  six  days.  Here  all  suspended  matter  is  depos- 
ited. The  settling  ponds  are  estimated  to  be  about  75  acres  in  extent. 
From  the  settling  ponds  it  goes  to  the  stock  ponds,  which  cover  an  area  of 
about  1  sq.  mile.  Here  it  remains  until  concentration  reaches  complete 
saturation  and  salt  is  ready  to  deposit,  the  length  of  time  depending  upon 
the  weather.  The  brine  then  goes  to  the  harvesting  ponds.  During 
the  summer  of  1912,  when  the  writer  visited  the  region,  30  days  elapsed 
between  the  beginning  of  pumping  operations  and  the  time  the  brine 
reached  the  harvesting  ponds.  The  brine  is  conducted  from  one  pond 
to  the  other  by  gravity,  the  flow  being  controlled  by  means  of  small  gates. 

In  the  harvesting  or  crystallizing  ponds,  as  the  name  suggests,  evapo- 
ration is  carried  to  the  point  where  all  salt  separates  out.  To  insure 
a  clean  product,  an  underlayer,  or  salt  floor,  is  allowed  to  crystallize  out 
each  year,  unless  it  is  left  over  from  the  operations  of  the  preceding  year. 
This  underlayer  serves  as  a  clean  floor  upon  which  the  subsequent  crystal- 
lization takes  place.  When  it  remains  from  the  previous  year,  as  hap- 
pens when  the  salt  crop  is  larger  than  the  market  demands,  the  salt  in 
it  becomes  more  or  less  dirty.  It  is  then  used  as  stock  salt  though  it 
is  a  first-class  product  in  every  respect.  The  salt  which  is  marketed 
comes  from  the  upper  layer,  the  plane  of  demarcation  between  it  and 
the  floor  being  known  as  the  "split."  The  average  crop  is  about  3  in. 
of  salt.  The  minimum  crop  is  about  2  in. —  the  maximum  usually  4  in., 
but  a  crop  of  nearly  5  in.  has  been  obtained.  Three  inches  is  considered 
a  good  crop. 
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During  the  course  of  the  salt-making  season  the  bittern  formed  in  the 
harvesting  ponds  is  drawn  off  twice,  once  during  the  middle  of  the  season, 
and  again  at  its  end.  In  this  way  the  salt  is  freed  from  the  bulk  of  mag- 
nesium salJts  and  sodium  sulphate.  Care  must  be  exercised  to  draw  off 
the  bittern  toward  the  season's  end,  before  cold  weather  begins,  to  insure 
against  precipitation  of  sodium  sulphate,  which  crystallizes  out  when  the 
water  reaches  a  temperature  of  20®  F.* 

When  the  bittern  is  drawn  off  for  the  last  time  and  the  salt  is  ready  to 
be  lifted,  it  is  loosened  by  means  of  ordinary  plows  drawn  by  horses. 
(Fig.  3.)  It  is  then  stacked  by  means  of  scrapers,  wheelbarrows,  or 
hand  cars  run  on  tracks  into  large  piles  alongside  the  railroad  which 
traverses  the  salt  field.  The  salt  is  conveyed  from  the  stacks  to  the 
cars,  which  are  transported  in  turn  by  means  of  an  oil-burning  loco- 
motive to  the  company's  mill,  where  the  salt  is  further  refined  A  por- 
tion of  the  yield  may  be  sold  without  further  treatment,  for  the  differ- 
ent purposes  for  which  rock  salt  is  used. 

California 

Localities. — More  than  97  per  cent,  of  the  output  of  salt  in  California 
originates  from  the  evaporation  of  sea  water  along  the  coast.     The  main 


Fig.  4. — View  of  Salt  Ponds.    Oliver  Salt  Co.,  Mount  Eden,  Cal. 

production  of  this  solar  salt  comes  from  along  the  east  and  west  shores  of 
San  Fancisco  bay,  in  Alameda  county,  and  San  Mateo  county,  respec- 
tively. In  Alameda  county  the  centers  of  production  are  near  Alvarado, 
Mt.  Eden,  Russell,  and  Newark;  in  San  Mateo  county,  solar  salt  is 
produced  a  short  distance  south  of  San  Mateo  and  near  Redwood  City. 
Other  places  where  salt  is  produced  by  solar  evaporation  are  near  Long 

*  GObert,  G.  K:  Loc.  cit.j  p.  253.  Talmage  believes  the  critical  temperature  of 
the  separation  to  be  within  a  few  days  of  the  freezing  point  of  fresh  water,  say 
approximately,  at  36°  F. 
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Beach,  Los  Angeles  county,  and  on  San  Diego  bay,  San  Diego  county. 
In  all  these  places  the  operations  are  conducted  along  similar  lines,  but 
they  differ  considerably  from  each  other  in  the  details  worked  out  by 
individual  operators  in  charge.  There  is  also  considerable  diversity  in 
nomenclature  connected  with  the  processes  in  their  various  stages.  In 
the  following  account  it  is  aimed  to  give  general  descriptions  of  processes 
with  certain  details  observed  at  representative  plants  in  the  different 
salt-making  localities. 

SdU'Making  Season. — The  concentration  of  the  water  in  San  Francisco 
bay  is  variable,  depending  on  the  season  of  the  year  and  other  factors. 


Hi 

ff^ 

m 

] 

MINI 

_E,   ^%^  ^ 

Mg 

ai 

4 

1 

^^ 

^ 

m 

Lx.  ^^ 

■'■'-^^ 

k 

^ 

.^-  ^ 

%m 

Fig.  5. — Salt  Crystallized  in  a  Crystallizing  Pond. 

Mateo,  Cal. 


Leslie  Salt  Co..  San 


The  dilution  of  the  bay  water  is  caused  in  part  by  the  fresh  water  from 
the  San  Joaquin  and  Sacramento  rivers  and  is  increased  after  winters  of 
heavy  snow  which  is  not  melted  away  completely  until  the  summer  is  well 
advanced.  Brine  is  taken  into  the  salt  ponds  from  about  the  middle  of 
May  to  the  middle  of  October,  but  the  strongest  brines  are  obtained  after 
July  first,  as  the  dry  season  lengthens  and  the  inflow  of  fresh  water  from 
the  rivers  and  streams  is  appreciably  reduced.  Generally  the  salt-making 
season  is  over  by  September  15,  as  the  rainless  season  lasts  usually  from 
May  to  September.  A  season  as  long  as  210  days  without  rain  has  been 
known,  however,  along  San  Francisco  bay. 
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The  season  for  1911  may  be  taken  as  a  typical  one.  During  the 
summer  of  that  year  the  evaporation  and  rainfall  as  observed  at  one  plant 
were  as  follows:  ^ 

Rainfall  and  Evaporation  in  Inches,  Season,  1911 

Rainfall,  Evaporation, 

inches  inches 

April , 1.36  31 

May 1.14  5r\ 

June 0.67  6\i 

July none  7if 

August none  7{i 

September none  4H 

October 0.77  2H 

The  water  from  the  bay  or  ocean  is  not  taken  into  the  works  con- 
tinuously, but  usually  on  two  to  six  days  each  month,  depending  on  the 
season  when  the  tides  are  at  their  highest.     Water  is  usually  taken  in  at 


Fig.  6. — Gravity  Method  of  Running  Brine  from  One   Pond  to  Another. 
Oliver  Salt  Co.,  Mount  Eden,  Cal.      " 


the  period  of  the  new  moon.  Sometimes  the  high  tides  come  twice  a 
month,  but  once  a  month  is  the  more  usual.  The  periods  of  highest 
tides  are  ascertained  from  the  tide  book  issued  by  the  U.  S.  Coast  and 
Geodetic  Survey.  During  the  periods  of  high  tide,  water  is  not  running 
into  a  salt  works  continuously,  but  only  from  IJ  to  3  hr.  during  a  given 
high  tide.  These  are  statements  based  on  general  practice,  but  it  is 
understood  that  at  some  plants,  where  a  slough  runs  through  the  intake 
pond,  salt  water  may  be  taken  into  a  given  system  at  any  time  or  every 
day.     Thus,  at  Long  Beach  the  sea  water  runs  into  a  ditch  at  every  high 
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tide,  that  is,  twice  each  day.  Salt  water  may  therefore  be  pumped  con- 
tinuously day  or  night  from  this  ditch  into  the  plant. 

In  southern  California,  naturally,  the  salt-making  season  is  longer 
than  it  is  near  San  Francisco.  At  San  Di^o  it  is  estimated  to  be  about 
seven  months,  namely,  from  May  to  November.  On  San  Diego  bay  the 
salt  water  also  may  be  taken  in  continuously  during  the  salt-making 
season.  This  is  accomplished  by  draining  the  tide  ponds,  whereby  water 
may  be  taken  in  on  every  tide  above  a  given  height! 

From  1908  to  1912,  the  mean  average  date  when  crystallization  of  salt 
began  along  San  Francisco  bay,  was  as  follows:  1908,  May  1;  1909, 
May  13;  1910,  May  3;  1911,  May  25;  1912,  April  18.  The  reason  for 
the  early  date  in  1912  was  on  account  of  the  very  few  late  rains  during  that 
year.  Records  are  closed,  that  is,  evaporation  readings  are  stopped,  each 
November  1,  when  the  days  are  so  short  and  the  weather  so  cold  and 
uncertain  that  there  is  practically  no  evaporation. 

Strength  of  Brine  Used. — The  average  density  of  sea  water  is  1.027, 
corresponding  to  a  salinity  of  3.72  per  cent,  regarded  as  pure  salt.  The 
three  samples  of  bay  water  collected  as  they  ran  into  plants  on  the  shores 
of  San  Francisco  bay  and  on  San  Diego  bay  gave  the  results  indicated  in 
the  following  table: 

Density  and  Salinity  of  Water  used  in  Salt-Mahing  Process  on  the 

California  Coast 

No.       Baum6        Specific       Percentage 

degrees        gravity*      of  salt^ 
23  3 .  53  1 .025  3 .  44        Water  from  San  Francisco  bay,  Mt.  Eden. 

28  3 .  12  1.022  3 .  34        Water  from  San  Francisco  bay,  Alvarado. 

33  4 .  10  1.029  4 .  00        Water  from  San  Diego  bay. 

1.027  3.72        Sea  water. 

"  Specific  gravities  were  taken  at  22®  C,  but  are  referred  to  water  at  15*  C. 
*  Assumed  to  be  pure  NaCl,  which  is  not  the  case. 

Thus  it  will  be  observed  that  the  normal  salt  water  entering  the  salt 
plants  along  San  Francisco  bay  is  less  concentrated  than  ordinary  sea 
water,  while  the  opposite  is  true  of  the  bay  water  near  San  Diego.  These 
samples  of  bay  water  were  collected:  No.  23,  Oct.  5;  No.  28,  Oct.  8; 
No.  33,  Oct.  17;  i.e.,  on  days  well  advanced  during  the  dry,  or  salt-making 
season.  One  of  the  reasons  for  the  difference  in  density  between  the 
waters  from  San  Francisco  bay,  and  San  Diego  bay,  is  that  farther  south 
the  warmer  and  dryer  season  lasts  much  longer.  The  evaporation 
therefore  is  more  intense,  hence  at  a  given  date  during  the  dry  season 
the  southern  waters  would  naturally  be  expected  to  show  a  higher 
degree  of  salinity.  Other  conditions  which  tend  to  reduce  the  salinity 
of  the  San  Francisco  bay  water  are  the  streams  of  fresh  water  which 
flow  into  it. 

Ponds. — The  salt-making  operations  are  conducted  in  what  are  known 
as  ponds,  designated  from  the  operations  conducted  in^em.  jThus 
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there  are:  (1)  The  storage,  the  intake,  receivmg  or  tide  ponds  into  which 
the  salt  water  is  received  from  the  bay,  (2)  the  concentrating,  ponds,  and 
(3)  the  crystallizing  ponds.  By  some  operators  all  the  ponds  between 
the  tide  ponds  and  the  crystallizing  ponds  are  known  as  secondary  ponds. 
Technically  they  may  be  known  as  pickling  ponds.  The  term  "lime 
ponds"  is  sometimes  applied  to  those  in  which  the  bulk  of  the  gypsum 
crystallizes  out. 

The  salt  or  ocean  water  comes  into  the  works  generally  through  a 
slough,  passing  thence  into  the  intake,  receiving,  storage,  or  tide  pond, 
as  the  first  pond  is  variously  called.  This  pond  is  provided  with  large 
flood  gates  with  automatic  adjustments  to  open  them  to  allow  the  water 
to  run  in,  but  which  close  when  the  tide  begins  to  ebb.  The  salt  water 
remains  in  the  intake  pond  a  variable  length  of  time,  in  the  meanwhile 
evapK)rating.  It  is  pumped  out  before  the  next  salt  water  is  taken  in. 
It  then  goes  forward  through  the  diflferent  ponds  becoming  more  concen- 
trated, until  it  finally  reaches  the  crystaUizing  ponds.  It  is  run  into  these 
latter  when  it  reaches  a  strength  of  about  25®  B^,  or  when  salt  begins  to 
form,  usually  to  a  depth  of  about  6  in.  At  some  plants,  when  it  reaches 
a  strength  of  29°  B^,  the  bittern  with  some  salt  still  in  it  runs  over  into 
other  ponds.  Here  it  evaporates  until  a  concentration  of  32®.  B6,  is 
reached,  when  all  the  salt  is  out  of  it  (see  table  below).  The  mother 
liquor  remaining  is  then  run  into  the  bay  and  goes  to  waste  at  many  plants, 
but  it  seems  that  some  use  should  be  made  of  the  magnesia  and  potash 
salts  contained  in  it.  At  some  plants  a  part  of  it  at  least  is  saved  and 
utilized  as  described  later  in  this  paper. 

Specific  Gravity  of  Bitterns  from  Crystallizing  Ponds 


No.  of 
Sample 

25 
26 
30 
31 
32 
34 


Baum^ 
reading  at 
22*'C. 

32.50 
29.60 
27.21 
28.00 
28.60 
27.50 


I 


Specific 
gravity* 


Locality 


1.286 
1.256 
1.231 
1.239 
1.245 
1.234 


I 


Oliver  plant,  Mt.  Eden,  Cal. 
Leslie  Salt  Co.,  San  Mateo,  Cal. 
California  Salt  Co.,  Alvarado,  Cal. 
Long  Beach  Salt  Co.,  Long  Beach,  Cal. 
Long  Beach  Salt  Co.,  Long  Beach,  Cal. 
Western  Salt  Co.,  San  Diego  Bay. 


•  Specific  gravities  were  taken  at  22**  C,  but  are  referred  to  water  at  15°  C* 
They  were  made  by  R.  K.  Bailey,  of  the  U.  S.  Geological  Survey,  with  a  West- 
phsl  balance. 

Area  is  one  of  the  dominant  factors  in  the  industry.  There  are  plants 
where  the  total  acreage  of  ponds  is  as  low  as  500  acres,  but  others  are 
reported  to  have  more  than  2,000.  The  ratio  of  the  acreage  of  crystal- 
lizing ponds  to  that  of  the  whole  system  was  found  at  two  important  plants 
to  be  as  1  to  10;  but  the  older  the  plant,  the  more  acreage  it  has  for  cr^s- 

Digitized  by  VjOOQIC 


2260 


SALT   MAKING  BY  SOLAR   EVAPORATION 


tallizing  purposes,  the  reason  being  that  the  ground  becomes  thoroughly 
salted  down,  with  continued  usage. 

The  ponds  have  mud  floors.  The  salt  in  places  is  harvested  to 
within  2  in.  of  the  mud  floors  and  removed  to  the  main  stock  piles.  The 
remaining  2  in  .is  shovelled  up  into  smaller  piles  and  this  grade  is  used 
as  ice  cream  and  stock  salt. 

The  ponds  are  separated  from  each  other  by  low  embankments  known 
as  dikes.  The  width  and  height  of  these  dikes  vary  greatly.  They  may 
be  as  much  as  3  ft.  above  the  marsh  level  and  1  or  2  ft.  above  brine  level. 
Some  are  very  narrow,  others,  especially  some  of  the  outside  dikes,  are 
wide  enough  and  sufficiently  well  constructed  to  serve  as  roadways  over 
which  teams  and  autos  may  be  driven.  The  low  narrow  dikes  or  levees 
are  not  considered  by  all  the  salt  makers  as  good  practice  as  they  require 
constant  attention  and  repair  owing  to  wash  by  the  waves.     Where  the 


'Fig.  7. — Slough  and  Wind  Mills.    Olivbb  Salt  Co.,  Mount  Eden,  Cal. 

levees  are  too  high  the  evaporating  action  of  the  wind  is  interfered  with, 
but  at  San  Diego  there  is  not  much  wind.  The  dikes  between  the  ponds 
were  formerly  flanked  with  sod,  but  this  practice  is  now  being  done  away 
with. 

Methods  of  Pumping. — Pumping  along  San  Francisco  bay  is  done  ia 
part  by  Archimedes  screws  propelled  by  wind  mills;  also  by  means  of 
paddle  wheels.  The  average  plant  may  have  as  many  as  40  wind  mills. 
Some  plants  use  gasoline  engines  as  an  auxiliary  power,  especially  in  the 
fall  when  the  trade  winds  die  down.  In  August,  the  trade  winds  slacken 
or  blow  intermittently  and  therefore  cannot  be  depended  upon.  The 
wind  mills  are  set  solid  to  the  northwest  from  which  the  trade  winds  come 
and  from  their  manner  of  construction  they  cannot  turn  around. 

The  wind  mills  are  generally  placed  so  as  to  pump  from  the  outer 
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or  intake  pond  into  the  next  pond.  From  the  latter  it  is  sought  to  have 
the  brine  move  along  by  gravity,  the  flow  from  one  pond  to  the  next  being 
controlled  by  small  gates.  Wihd  mills  or  other  means  may,  however,  be 
used  for  lifting  in  other  parts  of  the  system,  when  gravity  is  found  to  be 
inexpedient. 

Harvesting. — The  crop  of  salt  of  the  preceding  season  is  usually  sold 
by  July  1  of  the  following  season.  Enough  salt  is  then  lifted  from  time  to 
time  to  supply  the  current  demand  until  September  1,  when  harvesting  is 
pushed  as  vigorously  as  possible.    At  many  plants  the  first  salt  is  lifted 


Fig.  8. — Method  of  Lifting  Salt  in  Harvesting  Pond.    California  Salt  Co., 

Alvarado,  Cal. 

about  June  1,  and  the  operation  continued  until  about  the  first  of  January 
or  February  of  the  following  year  if  the  crop  is  a  big  one  and  labor  is 
rather  scarce.  Ordinarily,  however,  lifting  is  finished  by  December. 
The  salt  is  lifted  by  hand  into  small  tram  cars  each  holding  usually 
about  1  ton.  The  salt  thus  lifted  is  pinkish  in  hue  and  the  mother 
liquors  are  Hkewise  pinkish.  A  small  locomotive  propelled  by  gasoline 
or  electric  power  picks  up  eight  cars,  more  or  less,  and  hauls  them  to  the 
mill;  or  they  may  be  hauled  to  the  salt  piles  or  stacks  and  dumped. 
There  may  be  one  huge  stack  near  the  mill  itself  from  which  salt  is 
used   according  to  the   demand.     The  latter   method    perhaps    may 


Digitized  by 


Google 


2262 


SALT  MAKING  BY  SOLAR  EVAPORATION 


be  the  more  economical  if  practicable,  for  it  reduces  the  surface  exposed 
to  solution  from  rains  and  also  the  surface  which  has  to  be  broken  up  in 
the  subsequent  utilization  of  the  salt.  This  latter  is  an  important  con- 
sideration, for  the  surface  hardens  so  firmly  that  it  is  broken  up  only  with 
the  greatest  difficulty ;  and  in  some  cases  the  cost  of  breaking  up  a  particu- 
larly old  crust  on  a  small  stack  costs  more  than  the  salt  in  the  stack  is 
worth.  Sometimes  old  and  small  stacks  may  be  discarded  completely. 
In  some  places  after  standing  in  the  stock  piles  the  salt  hardens  so  firmly 
that  crosscut  saws  have  to  be  used.  These  saws  cut  it  into  4-ft.  lengths 
which  are  pried  apart  and  then  crushed  in  the  subsequent  milling  opera- 
tions. 


Fig.  9.- 


-General  View  of  Crystallizing  Pond  and  the  Laying  of  Track. 
Leslie  Salt  Co.,  San  Mateo,  Cal. 


When  the  salt  harvested  is  not  taken  directly  to  the  mills,  but  to  the 
stacks,  it  may  be  manipulated  in  various  ways  as  outlined  below.  After 
reaching  the  works  it  may  be  dumped  through  a  hopper  on  to  a  screw 
conveyor,  passing  thence  to  a  bucket  elevator,  which  lifts  it  to  the  main 
salt  stack.  Not  every  plant  can  use  this  method,  because  the  ground  has 
to  be  very  firm  to  accommodate  the  enormous  tonnage  of  one  main  stack, 
a  condition  not  easily  obtained  in  regions  of  marshy  land.  Sinking  of  the 
ground  may  occur  and  an  appreciable  part  of  the  product  be  lost.  An 
instance  is  known  where  1  ft.  of  filling  sank  each  year  for  a  period  of  20 
years. 

Instead  of  shovelling  the  salt  into  small  cars  to  be  hauled  to  the  stacks, 
dumped  and  there  elevated,  a  much  simpler  and  comparatively  inexpensive 
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process  may  be  used,  in  which  the  salt  is  shovelled  by  laborers,  a  line  of  whom 
extends  the  width  of  a  pond,  on  to  an  endless  belt  20  in.  wide,  running  on 
rollers,  which  conveys  the  salt  to  one  side  of  the  pond.  The  power  is 
furnished  by  a  gasoline  engine,  but  an  electric  motor  might  serve  as  well, 
or  better.  As  the  salt  leaves  the  belt  it  is  washed  by  a  spray  of  salt  water 
from  the  bay.  It  is  next  dragged  up  a  perforated  copper  screen,  during 
the  ascent  of  which  it  is  again  washed  with  bay  water.  The  endless  drag 
chain  is  provided  with  forks  to  break  up  the  larger  lumps.  The  salt  is 
then  elevated  to  the  stacks  by  a  pan  elevator  run  so  that  the  open  mouths 
of  the  pans  are  reversed  to  enable  the  excess  of  wash  water  to  drain.  By 
a  washing  device  the  main  belt  which  conveys  the  salt  from  the  pond  is 
kept  perfectly  clean. 


Fig.  10. — View  of  Saut  Pond  in  which  the  Salt  is  being  Harvested.    Long 
Beach  Salt  Co.,  Long  Beach,  Cal. 

The  method  just  described  has  many  labor-saving  advantages.  As 
soon  as  a  given  area  of  salt  has  been  reimoved  from  the  crystallizing  ponds 
the  entire  layout  is  moved  forward  on  tracks  provided  for  the  purpose, 
and  the  salt  pile  may  thus  stretch  out  the  length  of  the  pond.  The  wash- 
ing of  the  salt  likewise  is  performed  at  a  time  when  the  adhering  bittern 
is  most  readily  and  completely  removed.  The  salt  from  the  outside 
stock  piles  is  brought  up  to  the  mill  as  needed  in  5-ton  cars  and  there 
subjected  to  the  various  operations  such  as  crushing,  etc.,  to  fit  it  for  the 
finer  uses,  or  it  is  re-dissolved  and  prepared  for  the  vacuum  pans. 

At  Long  Beach  the  salt  is  shovelled  from  the  stock  pile  into  small 
cars  which  are  trammed  by  a  rope  tram  to  a  hopper  through  which  it 
passes,  being  ground  in  the  process.  It  is  next  elevated  by  a  bucket  con- 
veyor and  dumped  into  a  bin,  which  in  this  case  is  an  ordinarvfnight 
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car  fitted  up  for  the  purpose.  When  the  bin  is  filled  the  car  is  motored 
to  the  mill. 

At  San  Diego  the  salt  has  to  be  picked  as  it  lies  in  the  crystallizing 
pond  before  it  can  be  lifted  with  shovels.  The  greater  finnness  of  the 
crystallized  salt  as  compared  with  that  along  San  Francisco  bay,  which 
makes  picking  necessary,  is  possibly  due  to  the  greater  rapidity  of 
crystallization.  It  is  customary  to  begin  harvesting  just  as  soon  as  the 
bittern  is  run  oflf  the  crystallizing  ponds.  This  is  due  to  the  fact  that  the 
salt  is  easier  to  pick,  shovel,  and  wash  at  this  stage  than  at  any  other. 

It  is  difficult  to  give  the  amount  of  salt  which  can  be  made  during  a 
given  season,  as  the  quantity  is  variable  from  year  to  year,  depending 
upon  the  weather  and  other  factors.  Perhaps  a  thickness  of  6  or  6  in.  of 
salt  per  season  would  be  a  fair  approximation  for  the  region  along  San 


Fia.  11. — Salt  Pile  and  Plant.    Leslie  Salt  Co.,  San  Mateo,  Cal. 


Francisco  bay,  but  in  the  southern  part  of  the  State  owing  to  the  longer 
and  dryer  season,  it  would  be  very  much  larger.  At  San  Diego,  for 
example,  an  average  harvest  is  6  in.  of  salt,  but  two  such  harvests  are 
possible  per  season,  in  this  region.  Hence  it  is  possible  to  make  12  in. 
of  salt  per  year  in  this  locality. 

Waste  Bittern. — The  bittern  from  the  crystallizing  ponds  has  never 
been  saved  at  many  of  the  plants  in  the  past  and  at  most  of  them  it  is 
even  now  running  to  waste.  Since  the  importance  of  potash  salts  has 
come  to  be  realized  some  of  the  operators  have  in  mind  the  utilization  of 
the  potash  content  of  the  bitterns,  but  at  .most  of  them  nothing  definite 
with  regard  to  such  use  has  yet  been  evolved.  At  one  plant  a  small  part 
of  the  bittecn  is  saved,  refined  and  used  for  medicinal  purposes;  at  an- 
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other  it  has  been  used  in  the  manufacture  of  "wood  stone"  and  in  the 
manufacture  of  magnesium  oxychloride  cement.  The  latter  substance 
has  been  found  very  resistant  to  the  passage  of  electricity,  and  hence 
has  been  applied  in  the  manufacture  of  switch  boards.  It  is"^  under- 
stood that  the  bittern  has  been  used  by  the  Santa  Fe  Riulroad  to  lay 
the  dust  along  its  road  bed;  but  experience  has  proved  it  to  be  too 
costly  for  this  purpose,  as  it  has  to  be  renewed  too  frequently. 

MiUing. — ^From  the  nature  of  the  processes  employed  in  ihe  manu- 
facture of  solar  salt,  and  more  particularly  from  the  differences  between 
them  and  those  employed  in  other  parts  of  the  United  States,  the  first 
stages  of  the  milling  operations  are  different  in  California  from  the  prac- 
tice elsewhere.  When  the  salt  is  lifted  from  the  crystallizing  pond,  it  is 
contaminated  with  considerable  adhering  pickle  or  bittern  and  dirt  of  vari- 
ous kinds.  If  it  is  not  to  be  used  at  once  it  may  undergo  a  preliminary 
washing  after  which  it  is  conveyed  to  the  stacks  as  already  indicated  under 
harvesting.  If  it  is  to  be  used  immediately  it  is  transported  to  the  mill 
and  there  washed  free  from  adhering  impurities.  This  is  accomplished 
in  various  ways.  It  may  be  dumped  into  a  hopper  and  a  current  of  hot 
brine  from  the  pickling  pond  poured  over  it.  This  brine  from  the  pickling 
pond  represents  bay  water  concentrated  to  complete  saturation  and  from 
which  no  salt  has  been  crystallized.  For  a  concentrated  solution  it 
contains  the  least  amount  of  mother-liquor  salts.  Its  use  results  in  the 
solution  of  a  minimum  amount  of  salt  during  the  washing  process.  From 
the  hopper  the  salt  is  lifted  in  an  elevator,  draining  in  the  meanwhile. 
It  is  then  passed  through  rolls  where  it  is  crushed  into  " half-ground  salt" 
or  "three-quarter  ground  salt."  It  then  goes  forward  to  other  vats, 
where  there  is  an  artificial  brine  made  from  salt  and  fresh  water  and  in 
which  consequently  there  are  no  mother-liquor  salts.  The  salt  on  re- 
moval from  these  vats  is  stacked  in  heaps  to  drain.  The  coarse  salt  is 
then  sacked  for  one  branch  of  the  trade.  If  it  is  to  be  subjected  to  further 
refining  processes  the  salt  goes  from  the  vats  to  a  centrifugal  machine 
where  adhering  water  is  removed.  It  is  then  conveyed  to  dryers  where  it 
is  thoroughly  dried  by  steam  heat.  The  dryers  are  elongated  cylindrical 
affairs  containing  steam  coils.  They  are  provided  with  fans  to  pump 
warm  air  through  them,  which  greatly  assists  in  the  drying  operation. 
From  the  dryers  the  salt  goes  directly  to  the  rolls  where  it  is  crushed. 
From  the  rolls  it  goes  to  the  sifters  where  it  is  graded  according  to  fine- 
ness, depending  on  the  purposes  for  which  it  is  to  be  used.  It  is  then 
ready  to  be  sacked  for  the  trade.  At  different  plants  the  operations  dif- 
fer greatly  in  details  to  suit  individual  tastes  and  those  of  the  customers. 
At  some  of  the  plants  the  solar  salt  in  the  stock  piles  is  re-dissolved  and 
the  finer  grades  are  made  by  the  vacuum-pan  process.  When  the  vacuum- 
pan  process  is  employed  the  manipulation  of  the  salt  at  the  mill  may  be 
quite  different  from  that  outlined  above. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  ^rson  at  the 
Pittsburg  meeting,  October,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible 
then  discussion  in  writing  mur  be  sent  to  the  Editor,  American  institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  1, 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Asbestos  in  Southern  Quebec 

BY  JOHN  A.   DRESSER,   8AULT  BTE.   MARIE,   ONT.,   CANADA 
(Pittsburg  Meeting.  October,  1914) 

General 

The  controlling  supply  of  asbestos  for  the  world  is  obtained  from 
southern  Quebec,  150  miles  or  less  north  of  the  international  boundary  line 
between  Canada  and  the  United  States,  and  about  75  miles  south  of  the 
city  of  Quebec.  The  principal  production  is  furnished  by  eight  mines, 
seven  of  which  occur  within  a  distance  of  6  miles,  but  there  are  also 
several  smaller  properties  in  the  vicinity.  The  industry  was  begun  in  a 
small  way  some  35  years  ago  and  has  advanced  more  or  less  regularly 
ever  since.  The  annual  production  now  exceeds  100,000  tons  and  its 
value  is  about  $3,000,000.  It  represents  over  80  per  cent,  of  the  world's 
production. 

History 

Asbestos  has  been  known  in  the  eastern  townships  of  Quebec  since 
1847,  when  attention  was  called  to  it  in  an  official  report  by  Sir  William 
Logan,  the  first  Director  of  the  Geological  Survey  of  Canada,  but  it  was 
not  until  30  years  later  that  it  came  into  commercial  importance.  The 
laigest  deposits,  those  of  Thetford  and  Black  Lake,  were  found  in  1877 
during  the  construction  of  the  Quebec  Central  Railway.  Work  was  begun 
upon  them  almost  at  once  and  has  been  continued  ever  since. 

The  Danville  mine,  the  next  largest  producer,  was  opened  in  1879,  and 
the  slip-fiber  deposits  of  East  Broughton  were  located  shortly  afterward. 

For  the  first  15  years  only  the  "crude"  asbestos  was  recovered;  that 
is,  fiber  long  enough  to  be  extracted  by  hand  cobbing.  Although  this  is 
still  a  valuable  part  of  the  production,  it  is  now  a  relatively  small  part 
of  the  total  output. 

After  several  trials,  a  process  of  mechanical  concentration  was  begun 
about  1893  by  some  of  the  pioneer  operators  of  the  district,  which  with 
many  modifications  has  been  successfully  used  ever  since.     Although  there 
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have  been  numberless  changes  in  the  operation  and  appliances,  the 
present  practice  is  a  direct  development  of  the  first  principles  of  the 
earliest  attempts  at  concentration,  and  much  credit  is  due  to  those  who 
originated  it.  Its  effect  maybe  realized  when  it  is  stated  that  in  leading 
mines  to-day  95  per  cent,  of  the  quantity  and  75  per  cent,  of  the  value  of 
their  total  production  is  obtained  by  mechanical  concentration. 

The  growth  of  the  industry  is  best  shown  by  quoting  the  production  of 
a  few  years  taken  at  regular  intervlas: 

Production,      _.  , 

Tons  V^"^ 

1878 60        

1882 810  $52,650 

1892 6,082  390,462 

1902 30,219  1,126,688 

1912 111.176  3,059,084 

Access  and  Location 

All  the  mines  have  easy  railway  access.  The  principal  shipping 
stations  are  Thetford  Mines,  Black  Lajke,  and  East  Broughton  on  the 
Quebec  Central  Railway,  a  part  oif  the  Canadian  Pacific  system,  and 
Danville,  on  the  Grand  Trunk  Railway.  Thetford  Mines  is  about  76 
miles  from  Quebec,  67  miles  from  Sherbrooke,  and  168  miles  from 
Montreal.  The  other  stations  mentioned  are  from  4  to  18  miles  from  Thet- 
ford Mines,  except  Danville,  which  is  some  50  miles  distant,  on  the  Grand 
Trunk  Railway,  88  miles  from  Montreal  and  86  miles  from  Quebec. 

Geology 

The  asbestos  deposits  are  f  oimd  in  the  hilly  country  of  southern  Quebec 
known  as  the  Eastern  Townships.  Much  of  the  district  has  been  settled 
for  upward  of  100  years  and  is  now  generally  occupied  by  small  dairy 
farms.  The  hills  are  a  continuation  of  the  Green  mountains  of  Vermont,  a 
part  of  the  Appalachian  system. 

The  geological  structure  is  complex.  There  has  been  intense  folding, 
faulting,  and  regional  metamorphism.  Glacial  drift  conceals  a  great 
part  of  the  rock  surface,  but  glacial  erosion  has  been  an  important  factor 
in  uncovering  and  exposing  the  deep-seated  rocks  in  which  asbestos 
occurs.  The  asbestos  is  in  a  series  of  basic  igneous  rocks  which  occur  in 
stocks  and  sills,  that  have  intruded  sedimentary  strata  of  Cambrian, 
Ordovician,  and  in  places  of  Silurian  age.  These  basic  intnisives  are 
part  of  the  well-known  and  extensive  series  which  appears  at  frequent 
intervals  in  the  Appalachians  from  Georgia  to  Newfoimdland,  and  yet 
in  a  distance  of  2,000  miles  the  commercial  production  of  asbestos  is 
almost  entirely  limited  to  this  small  district. 
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The  principal  t3rpes  of  igneous  rocks  are  peridotite,  pyroxenite, 
gabbro,  and  diabase.  They  are  products  of  differentiation  from  a 
single  magma,  and  are  characteristically  arranged  in  the  order  given 
above  from  the  base  upward  in  sills)  and  from  the  center  outward  in 
stocks.  This  order,  it  will  be  noted,  is  that  of  decreasing  basicity  and 
density.  A  relatively  small  amount  of  hornblende  granite  which  is  also 
present  has  generally  been  intruded  a  little  later  than  the  basic  rocks. 

Peridotite  is  altered  in  important  amount  to  serpentine,  and  pyroxe- 
mte  generally  to  soapstone,  but  in  places  probably  also  to  serpentine. 

Character  and  Mode  of  Occurrence 

The  asbestos  is  entirely  of  the  chrysdtile  variety,  and  has  essentially 
the  same  chemical  composition  as  serpentvie,  in  which  rock  only  it  occurs. 
There  are  two  types  of  asbestos  in  this  district:  namely,  "cross-fiber" 
asbestos,  and  "slip,"  "parallel,"  or  "mass  fiber,"  asbestos,  the  three  terms 
being  used  almost  interchangeably. 

Cross-fiber  Deposits. — ^This  variety  furnishes  the  major  production, 
both  in  quantity  and  value.  It  occurs  in  veins  up  to  2  1/2  in.,  or  rarely 
3  in.  wide;  the  greater  number  are  1/2  in.  or  less  in  width.  The  fibers,  as 
the  name  implies,  lie  crosswise  the  vein. 

The  veins  rarely  reach  a  length  of  200  ft.,  but  are  usually  very  much 
shorter,  the  greater  number  being  only  a  few  feet  in  length.  They  run 
in  all  directions  through  the  rock,  in  places  cutting  one  another  abruptly, 
but  more  frequently  uniting  at  meeting.  A  careful  examination  shows 
that  many  of  the  larger  and  more  persistent  veins  show  an  approach 
to  a  rectangular  arrangement,  and  probably  represent  joints  in  the 
primary  rock.  Others  have  a  roughly  parallel  order  and  denote  fractures 
due  to  regional  compression,  while  many  smaller  veins  truncate  the  corners 
of  rectangular  joint  blocks  in  shell-like  form. 

Vein  Structure  and  Origin. — The  veins  are  usually  divided  into  two 
parts  by  a  thin  seam  of  iron  ore,  generally  magnetite,  which  is  parallel  to 
the  sides^and  near  the  center  of  the  vein.  Bordering  the  veins  on  each 
side  there  is  invariably  a  band  of  serpentine  about  three  times  the  width 
of  the  vein.  The  country  rock  near  the  veins  is  peridotite  of  the  most  basic 
phase  (dunite)  that  occurs  in  the  district.  There  is  incipient  serpentiniza- 
tion  in  all  parts  of  the  peridotite,  but  commercial  asbestos  is  found  only 
between  walls  of  completely  serpentinized  rock  whose  thickness  is  pro- 
portional to  the  width  of  the  vein.  Microscopic  and  chemical  evidences, 
as  well  as  the  distribution  of  the  veins,  point  conclusively  to  the  origin  of 
the  asbestos  by  alteration  and  recrystallization  of  the  country  rock  in  situ. 
Microscopically  it  is  evident  that  the  asbestos  fibers  have  grown  out- 
ward on  each  side  from  the  seam  of  iron  ore  mentioned  above;  chemically 
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there  is  no  distinction  between  the  asbestos  and  serpentine,  while  an 
essential  diflference  between  serpentine  and  peridotite  is  that  the  former 
contains  12  to  14  per  cent,  of  water.  The  position  of  the  veins  and  the 
deep-seated  character  of  the  rock  make  it  impossible  that  such  open  fissures 
ever  existed  where  the  veins  are  now  found.  While  much  remains  to  be 
explained  both  as  to  the  processes  and  their  causes,  the  facts  are  self- 
evident  that  zones  of  the  country  rock  have  been  altered  to  serpentine 
and  proportionate  parts  of  these  have  taken  the  form  of  asbestos  veins. 
From  the  persistence  of  the  seams  of  iron  ore  within,  or  at  the  sides  of, 
the  veins,  and  the  correspondence  of  the  position  of  the  principal  veins  to 
that  of  joint  and  other  fractures,  the  iron  seams  are  believed  to  mark  the 
original  channels  by  which  circulating  waters  have  been  introduced  which 
produced  the  hydration  of  the  peridotite  and  its  alteration  to  serpentine, 
a  certain  portion  of  which  has  crystallized  as  asbestos. 

The  source  of  the  water  has  given  rise  to  considerable  discu^ion. 
The  fact  that  much  excellent  asbestos  has  been  found  near  granite  dikes 
has  given  rise  to  the  opinion  that  magmatic  waters  accompanying  the 
intrusion  of  these  has  been  the  cause.  Locally  there  is  much  to  support 
this  view,  but  viewed  broadly  the  small  amount  of  granite  as  well  as  its  vari- 
able  distribution  make  it  improbable  that  it  has  been  the  chief  cause. 
Magmatic  waters  accompanying  the  peridotite  itself  are  a  more  likely 
cause.  Yet,  this  rock  was  solidified  and  was  afterward  fractured  both  by 
contraction  (joints)  and  by  regional  deformation  before  the  waters  could 
have  been  introduced.  On  the  other  hand,  the  present  water  level  is 
comparatively  near  the  surface  in  this  district,  and,  as  the  region  is  one 
that  suflfered  great  erosion  in  glacial  times,  the  present  surface  may  long 
have  stood  below  ground-water  level.  It  is  not  proved  that  meteoric 
waters  are  not  a  competent  cause  to  produce  these  effects  and  at  least  a 
share  in  the  cause  may  probably  be  attributed  to  them. 

In  the  deepest  workings  yet  made,  which  are  a  little  more  than  200  ft. 
deep,  there  is  no  apparent  change  in  the  quantity  or  quality  of  the 
product,  and  no  deposit  of  serious  importance  has  yet  been  exhausted. 
The  principal  deposits  are  found  in  the  most  basic  parts  of  the  peridotite 
(dunite) ;  that  is,  near  the  base  of  sills  or  toward  the  central  parts  of  stocks. 
Owing  to  glacial  erosion  having  been  more  eflfective  on  the  north  side  of 
the  stocks  several  deposits  are  found  near  the  north  edge  of  the  peridotite 
core  of  the  principal  stock. 

Slip-Fiber  Deposits, — Slip-fiber  or  parallel-fiber  asbestos  is  a  fibrous 
phase  of  serpentine  in  which  the  fibers  are  arranged  parallel  to  adjacent 
cleavage  faces  in  the  rock.  In  places  the  rock  is  almost  entirely  in  a 
fibrous  condition  and  the  name  "mass-fiber"  is  sometimes  used  for  such 
occurrences.  It  is  probable  that  this  class  of  asbestos  has  been  derived 
from  pyroxene. 

Where  slip  fiber  is  abundant  the  proportion  of  asbestos  in  the  rock  is 
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much  higher  than  in  the  case  of  the  cross-fiber  occurrences.  But  much 
of  the  slip  fiber  is  short  and  the  proportion  that  is  recoverable  and  useful, 
though  higher,  is  not  so  greatly  different  from  that  obtained  from  the 
cross-fiber  mines.  Only  a  little  "crude"  asbestos  is  obtained  from  deposits 
of  this  class. 

Mining  and  Dressing 

Mining. — The  distribution  of  the  asbestos  is  such  that  all  the  rock 
within  the  area  mined  must  be  handled.  Except  in  one  mine  where  under- 
ground work  is  quite  extensively  carried  on,  though  principally  in  winter, 
or  for  development  purposes,  the  mining,  or  rather  quarrying,  is  all  open- 
cast work.  The  ground  is  cut  down  in  benches,  generally  6  to  12  ft.  high, 
which  are  carried  across  the  floor  of  the  pit  so  as  to  afford  sufficient  work- 
ing face.  Several  of  the  pits  have  reached  a  depth  of  200  ft.  from  the 
original  surface  and  are  from  600  to  1,200  ft.  or  even  more  in  length. 

Handling, — Hoisting  is  done  by  means  of  cable  derricks  with  boxes 
carrying  about  a  ton  each.  In  one  case  a  tramway  enters  the  pit  through 
an  incUned  tunnel  and  the  rock  is  hauled  out  in  cars  drawn  by  a  cable. 
Hauling  on  the  surface  \a  done  by  small  locomotives  with  side-dumping 
cars  of  4  or  5  tons  capacity. 

Dressing. — The  separation  of  fiber  from  the  rock  commonly  begins  in 
the  pit.  Rock  containing  "crude" — ^that  is,  veins  3/4  in.  or  more  in 
width  and  of  good  quality — is  sent  to  the  cobbing  sheds  for  hand  separation, 
and  asbestos  that  is  liberated  by  the  breaking  of  the  rock  in  the  pit  is 
collected  in  hand  boxes;  dead  rock  is  taken  to  the  waste  dump,  and  the 
remainder,  usually  35  to  60  per  cent,  of  all  the  rock  handled,  goes  to  the 
ore  bins,  or  directly  to  the  mill  for  mechanical  concentration. 

The  milling  practice  varies  somewhat  in  different  mills,  but  is  very 
similar  in  all.  It  consists  essentially  of  coarse  crushing,  drying,  and 
alternate  finer  crushings  and  screenings.  At  each  screening,  the  asbestos 
then  liberated  is  drawn  off  through  overhead  pipes  by  suction  fans  and 
collected  in  settUng  tanks.  When  thoroughly  screened  from  dust  and 
classified  according  to  length  of  fiber  by  means  of  a  rotary  screen,  the 
different  grades  pass  to  their  respective  storage  bins,  or  in  some  mills  is 
mechanically  bagged. 

In  the  coarse  crushing,  jaw  crushers  are  used,  and  gyratories  and 
frequently  rolls  for  the  finer  crushing.  When  rolls  are  used  special  ap- 
pliances are  needed  for  teasing  out  the  fiber,  which  becomes  compressed 
into  matted  sheets  by  the  rolls.  The  final  crushing  of  the  rock  is  effected 
by  a  specially  designed  "cyclone."  This  consists  of  two  "beaters"  or 
fans  of  chilled  iron,  in  shape  like  the  screw  propeller  of  a  boat  and  weighing 
upward  of  100  lb.,  which  revolve  at  a  speed  of  2,000  rev.  per  minute,  or 
more,  in  a  closed  chamber.     From  the  rock  fragments  thus  driven  to- 
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gether  the  smallest  particles  of  asbestos  are  released  and  collected  as 
before. 

Suction  fans  for  the  removal  of  dust  from  the  cyclone,  the  classifier, 
and  sometimes  from  the  mill,  are  important  accessories  to  the  equipment. 
Magnets  are  usually  placed  over  the  shaking  screens  to  eliminate  particles 
of  iron  ore.  The  average  recovery  of  cross  fiber  seems  to  vary  at  dif- 
ferent properties  between  3  and  8  per  cent,  of  the  rock  treated;  slip 
fiber,  perhaps  2  or  3  per  cent,  highej. 

Product. — ^The  fiber  recovered  in  the  mill  is  classified  into  three  or  more 
grades,  the  crude  asbestos  usually  into  two  grades.  The  adoption  of 
a  standard  classification  has  been  discussed,  but  owing  to  local  differences 
in  the  character  of  the  fiber,  as  well  as  other  causes,  no  standardization 
has  yet  been  effected.  Each  mine  follows  its  own  grading  and  there  is  a 
lack  of  uniformity  in  the  products  of  different  mines.  An  arbitrary 
classification  that  has  been  adopted  by  the  Department  of  Mines  of  the 
Province  of  Quebec  is  as  follows: 

Crude  Asbestos,  Hand  Cobbed 

No.  1. — Value  $200  per  ton  or  more. 
No.  2.— Value  less  than  $200  per  ton. 

MUl  Stock,  Mechanically  Separated 

No.  1. — Value  $46  per  ton  or  more. 
No.  2.— Value  $20  to  $45  perton. 
No.  3. — Value  less  than  $20  per  ton. 

The  production  of  1912  was  as  follows,  according  to  the  classification  given  above: 


Quantity  of  Rock  Mined 
1,870,008  Tons 


Qualities 


jNo  of  Men  I     Wages 
I  Employed        Paid 


Shipments 


Tons 


Value      ^^-P^' 
:    Ton 


Stock  on  Hand 


Tons  j     Value 


Crude  No.  1. 
Crude  No.  2. 
Mill  Sk.  No.  l.i 
MiUSk.  No.  2, 
MiU  Sk.  No.  3, 


1,914 

3,766 

3,682 

32,689 

69,097 


$510,785 
379,445 
237,203 

1,018,960 
912,691 


$263.16 

100.76 

64.42 

31.17 

13.21 


867 
2,867 
2,370 
8,234 
6,838 


$221,215 
310,596 
137,106 
301,774 

$131,206 


Totab 2,910       !$1,377,444 


111,175  3,059,084 


27.52  24,176  1,102,206 


The  stock  on  hand  at  the  beginning  of  the  year  1912  amounted  to 
33,751  tons,  valued  at  $1,583,076. 

Uses. — A  small  proportion  of  the  crude  asbestos  is  used  for  making 
asbestos  cloth  and  various  fire-proof  textiles.     A  much  greater  amount 
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is  used  for  covering  and  insulating  purposes.  Boards,  shingles,  and  roof- 
ing felts  for  fire-proof  construction,  materials  for  electric  insulation  and 
protection  from  acids,  and  boiler  and  pipe  coverings  are  the  forms  of 
manufacture  in  most  common  use.  There  is  only  one  plant  for  the 
manufacture  of  asbestos  goods  in  Canada,  the  Asbestos  Manufacturing 
Co.,  at  Lachine,  Quebec.  This  plant  makes  shingles  and  other  roofing 
materials,  pipe  covering,  mill  boards,  and  asbestos  lumber  for  theCanadian 
and  European  markets.  Its  consumption  is  about  5  per  cent,  of  the 
total  output  of  the  mines  of  Quebec.  Approximately  75  per  cent,  of  the 
output  of  these  mines  is  exported  for  manufacture  to  the  United  States, 
and  the  balance  to  Great  Britain,  Germany,. France,  and  other  European 
countries. 

Condition  and  OtUlook  for  the  iTiduatry 

There  has  been  a  decrease  of  stock  on  hand  during  the  past  two  years. 
This  seems  to  indicate  that  the  industry  is  emerging  successfully  from  a 
critical^condition  into  which  it  was  thrown  four  years  ago  by  a  rapid 
overproduction,  which  resulted  from  some  extravagant  financial 
promotions. 

The  deposits  are  large  and  the  principal  mines  seem  to  have  almost 
inexhaustible  reserves.  Consequently  the  plants  installed  are  of  a  durable 
character  and  around  the  mines  substantially  built  towns  have  grown  up. 
The  labor  is  largly  obtained  in  the  locality.  Many  of  the  men  own  their 
houses,  living  conditions  are  favorable,  and  there  have  been  no  serious 
labor  troubles  in  the  history  of  the  industry. 

For  the  immediate  future,  or  as  long  as  mining  can  be  done  by  open- 
cast methods,  the  cost  will  probably  vary  only  with  the  nature  of  the 
ground,  the  depth  of  hoisting,  and  the  price  of  labor  and  materials.  But  in 
methods  of  concentrating  changes  are  more  likely  to  take  place.  The  pres- 
ent practice  is  the  result  of  20  years'  experience,  during  which  time  many 
changes,  and  great  improvements  have  been  made.  At  present  the  prac- 
tice of  different  mills  varies  considerably  in  details  and  probably  also  in 
eflBciency. 

The  enlargement  of  the  market  for  manufactured  goods,  which  is 
steadily  growing,  depends  largely  on  the  skill  and  enterprise  of  the 
manufacturers  and  the  supply  of  substitutes  for  asbestos.  The  constantly 
increasing  price  of  Iimiber  must  improve  the  field  for  shingles  and  asbestos 
lumber,  while  the  ingenious  applications  of  asbestos  for  heat-resisting  and 
insulating  materials  seem  likely  to  give  it  a  continued  advantage  over  any 
substitutes  at  present  known. 

The  absence  of  rival  fields  for  so  long  a  time  is  rather  remarkable. 
Similar  rocks  in  like  associations  are  known  in  many  parts  of  the  world, 
yet  the  only  sustained  and  growing  production  outside  of  Quebec  is  ob- 
tained from  the  Ural  districts  in  Russia,  the  United  States  and  South  Africa 
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being  much  smaller  producers.  In  his  report  on  Mining  Operations  in 
the  Province  of  Quebec  for  1912,  T.  C.  Denis,  Superintendent  of  Mines 
of  Quebec,  cites  the  following  statistics  for  the  year  1910,  from  the Golpnial 
and  Foreign  Statistics  of  the  Home  Office,  London.  The  quantities  are 
given  in  metric  tons  and  values  in  pounds  sterling: 


Value 


Production 
Metric  Tons 

Cape  Colony 1,273  £23,143 

Cyprus 442  2,764 

India 3  6 

Rhodesia 301  3,320 

Natal 2  16 

Transvaal 70  2,576 

Russia  (approximate) 10,936  82,000 

United  States 3,350  14,036 


Total  outside  of  Quebec 16,377  £127,849 

Quebec 73,124  £548,184 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Pittsburg  meeting,  October,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writina  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Streets  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  1,  1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Asbestos  Deposits  of  Georgia* 

BY  OLIVER  B.    HOPKINS^f   ATLANTA,    OA. 
(Pittsburg  Meeting,  October,  1914) 

As  prefatory  to  the  body  of  this  paper,  a  few  general  .statements 
will  be  made  (1)  in  regard  to  the  history  and  importance  of  the  asbestos 
industry,  (2)  as  to  the  principal  sources  of  the  raw  material,  and  (3)  as  to 
the  types  and  modes  of  occurrence  of  asbestos. 

While  the  modem  asbestos  industry  is  comparatively  new  and  its 
growth  during  the  last  decade  or  two  has  been  marvelous,  asbestos  has 
been  known  and  used  in  a  small  way  for  probably  2,000  years — at  least 
since  the  time  of  the  Roman  Empire.  Pliny  refers  to  it  as  "the  funeral 
dress  of  kings  "  and  Plutarch  records  its  use  as  lamp  wicks.  In  the  middle 
of  the  18th  century  the  deposits  of  the  Ural  mountains  were  opened  up 
and  the  first  factory  for  the  manufacture  of  asbestos  goods  was  estab- 
lished. But,  owing  to  the  limited  demand  for  the  goods,  the  industry  dis- 
appeared and  interest  lapsed  until  about  50  years  ago.  Since  1860,  the 
asbestos  industry  has  made  wonderful  strides,  and  each  year  sees  new 
uses  to  which  the  material  can  be  put,  and  hence  an  increased  demand 
and  an  increased  output. 

Of  the  three  great  producers  of  asbestos,  Canada,  Russia,  and  the 
United  States,  Canada  stands  pre-eminent,  producing  from  one-half 
to  three-fourths  of  the  world's  supply;  Russia  comes  second,  producing 
in  1911  about  two  and  one-half  times  as  much  as  the  United  States. 
In  1912  the  Canadian  production,^  including  both  asbestos  and  asbestic, 
was  131,260  short  tons,  valued  at  $2,979,384;  while  during  the  same  year 
the  production  of  the  United  States^  was  4,403  tons,  valued  at  $87,959. 
Canada  holds  the  first  place  in  the  production  of  raw  asbestos,  while  the 
United  States  holds  the  first  place  in  its  manufacture. 

Although  the  production  of  asbestos  in  the  United  States  is  compara- 
tively small  there  are  deposits  of  varying  importance  in  the  following 
States:  Vermont,  Virginia,  North  Carolina,  Georgia,  Wyoming,  Idaho, 

•Published  by  permission  of  the  Geological  Survey  of  Georgia. 

t  Assistant  State  Geologist  of  Georgia.     Non-member. 

^Summary  Report  of  the  Mines  Branch  of  the  Department  of  Mines  of  Canada j 
year  ending  Dec.  31,  1912. 

•J.  S.  Diller:  Mineral  Resources  of  the  United  States,  1912,  Advance  Chapter  on 
Asbestos.  ^^  ^ 
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Arizona,  and  California.  Of  these  States,  asbestos  has  been  worked 
commercially  in  Vermont,  Virginia,  Georgia,  and  to  a  small  extent  in 
Wyoming,  Idaho,  and  California.  In  production,  Vermont  ranks  first 
and  Georgia  second. 

Asbestos-Forming  Minerals 

The  asbestos-forming  minerals  come  naturally  under  two  heads, 
amphibole  and  serpentine.  In  the  amphibole  group  there  are  a  number 
of  diflferent  minerals  of  quite  variable  compositions,  while  under  serpen- 
tine there  are  only  two  which  have  practically  the  same  composition,  and 
only  one  which  is  of  importance.  The  following  tabulation  shows  the 
relationships  of  these  minerals: 

Aabestoa-Forming  Minerals: 
Amphibole  Group. 

Orthorhombic  division. 

Anthophyllite,  (MgFe)SiOj. 
Monoclinio  division. 

Tremolite,  CaMgi(SiOi)4. 
Actinolite,  Ca(MgFei)(SiOi)«. 
Mountain  Leather, 
Mountain  Wood. 
Mountain  Ck)rk. 
Crocidolite,  NaFeSiiOe.FeSiOj. 
Serpentine,  H4MgiSiaOt. 
Var.  Chrysotile. 
Var.  Picrolite. 

The  most  important  of  these  minerals  in  point  of  view  of  quantity 
and  accessibility  are  chrysotile,  anthophyllite,  and  crocidolite;  while 
from  the  point  of  view  of  commercial  application  chrysotile  is  by  far  the 
most  important  with  anthophyllite  probably  second.  The  amphibole 
type  of  asbestos  occurs  in  Georgia,  Idaho,  North  Carolina,  and  Virginia; 
and  the  serpentine  variety  occurs  in  Vermont,  Wyoming,  Arizona,  and 
California. 

What  are  the  properties  of  asbestos  upon  which  its  value  depends? 
An  answer  to  this  question  involves  the  knowledge  of  the  physical 
properties  of  asbestos  and  gives  an  insight  into  the  uses  to  which  the 
material  is  put.  The  most  important  properties  are  its  fibrous  quality, 
resistance  to  heat  and  acids,  and  low  conductivity.  Under  the  head 
of  fibrous  quality  the  following  characteristics  may  be  considered: 
Fineness,  length  and  fiexibility  of  fiber,  and  tensile  strength.  Not  only 
do  the  various  types  of  asbestos  vary  widely  in  regard  to  these  properties, 
but  the  relative  value  of  the  properties  varies  with  the  use  to  which  the 
material  is  put.  In  regard  to  fineness,  length,  flexibility  of  fiber,  and 
tensile  strength,  crocidolite  is  quite  the  equal  of  chrysotile,  and  superior 
in  some  respects;  but  in  fire-resisting  properties  crocidolite  is  seriously 
lacking.    Anthophyllite  is  equal  to  any  other  type  of  asbestos  in  r^ard 
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to  its  resistance  to  acid  and  heat  and  insulating  properties,  but  far  in- 
ferior to  chrysotile  in  regard  to  flexibility,  fineness  of  fiber/ and  tensile 
strength.  Thus  it  is  that  the  anthophyllitCi  and  the  related  types  of 
amphibole  asbestos,  which  constitute  the  most  important  deposits  in  the 
Southern  States,  are  classed  as  low  grade.  Anthophyllite  is  not  suitable 
for  some  of  the  purposes  for  which  chrysotile  is  used,  and  hence  it  is  con- 
sidered of  little  or  no  value  by  some  of  the  producers  of  higher  grade 
material;  but  where  quality  of  fiber  is  not  important  and  where  resistance 
to  heat  and  acids  and  low  conductivity  are  essential,  anthophyllite  is  as 
valuable  as  any  other  type  of  asbestos. 

Asbestos  occurs  in  three  forms:'  as  cross  fiber,  slip  fiber,  and  mass 
fiber.  When  the  asbestos  occurs  in  veins  with  the  fibers  at  right  angles 
to  the  inclosing  walls  it  is  called  cross  fiber;  when  the  fibers  are  parcdlel 
to  the  inclosing  walls  it  is  called  slip  fiber;  and  when  the  asbestos  forms 
the  entire  rock  mass  composed  of  bundles  of  fibers  arranged  in  all  direc- 
tions in  respect  to  each  other,  often  in  somewhat  radiating  forms,  it  is 
called  mass  fiber.  Cross  fiber  may  be  converted  to  slip  fiber  by  move- 
ments of  one  wall  in  respect  to  the  other.  Slip  fiber  is  found  in  the 
slipping  plane,  and  the  direction  of  the  fibers  records  the  direction  of 
motion. 

Chrysotile  occurs  as  cross  and  slip  fiber,  but  never  as  mass  fiber; 
its  characteristic  mode  of  occurrence  is  as  cross  fiber.  Fibrous  tremolite 
and  actinolite  occur  only  in  slip-fiber  veins,  while  anthophyllite  occurs  in 
all  three  forms,  but  its  characteristic  form  is  as  mass  fiber. 

Diller^  has  recognized  four  modes  of  occurrence  of  asbestos  in  the 
United  States,  which  are  as  follows: 

"The  first  mode  is  as  cross-fiber  veins  of  chrysotile  in  serpentine  derived  from 
peridotite,  a  deep-seated  igneous  rock,  ajs  near  Lowell,  Vt.,  and  Casper,  Wyo.  So  far 
as  known,  it  is  much  the  most  important  mode  of  occurrence  and  is  well  illustrated  at 
the  Thetford  mines,  in  Canada. 

"A  second  mode  is  ajs  cross-fiber  veins  of  chrysotile  with  serpentine  in  limestone. 
Its  most  important  illustration  is  in  the  Grand  Canyon  of  the  Colorado  in  Arizona. 

"The  third  mode  of  occurrence  is  as  mass-fiber  amphibole  (anthophyllite),  oom- 
posing  stocks  and  dikes  of  fibrous  amphibolite,  and  is  well  illustrated  in  the  deposits 
worked  for  many  years  at  SaU  Mountain,  Ga. 

"The  fourth  mode  is  as  slip-fiber  veins  in  rooks  which  for  the  most  part  are  cort- 
landite  and  pyroxenite,  but  which  locally  pass  into  peridotite,  as  at  Bedford  and 
Rockymount,  Va." 

Location 

The  asbestos  deposits  of  Georgia  are  associated  with  the  crystalline 
schists  of  pre-Cambrian  age  which  occupy  both  the  Piedmont  Plateau 
and  the  Appalachian  Mountain  provinces.    While  asbestos   has  been 


•Diller,  J.  S;  BuUeHn.  No,  470,  U.  S.  Geological  Survey,  p.  506  (1911). 
^Op.  CU.,  pp.  506,  507. 
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found  associated  with  basic  igneous  rocks  over  a  large  part  of  the  area  of 
crystalline  schists,  the  distribution  of  commercial  deposits  is  much  more 
limited,  and  is,  in  general,  confined  to  a  belt  extending  from  Rabun  and 
Towns  counties  southwest  into  Alabama  in  the  neighborhood  of  West 
Point.  And  even  in  this  belt,  which  includes  all  of  the  deposits  likely 
tp  be  of  commercial  value,  the  most  important  deposits  are  grouped  in 
its  northern  part,  and  more  specifically  in  Rabun,  White,  and  Habersham 
counties. 

Associated  Rocks 

The  asbestos  deposits  of  Georgia  are  limited  in  their  distribution  to 
the  areas  of  basic,  igneous  rocks,  which  are  represented  in  large  part  by 
the  following  types:  Hornblende  schist,  hornblende  gneiss,  diorite, 
gabbro,  peridotite,  and  pyroxenite.  All  these  typ)es  of  rocks,  except 
peridotite  and  pyroxenite,  have  a  wide  distribution  in  this  State.  The 
hornblende  schist  and  hornblende  gneiss  are  found  in  varying  quantities 
in  every  county  in  the  crystalline  area,  occupying  long  narrow  bands  and 
folded  with  the  rocks  of  the  Carolina  gneiss  series,  which  vary  from  mica 
schist  to  granite  gneiss.  The  gabbros  and  diorites  are  found  associated 
with  the  hornblende  rocks,  into  which  they  sometimes  grade,  occupying 
broader  and  less  elongated  areas. 

Associated  with  these  homblendic  rocks,  diorites,  and  gabbros  are 
small  deposits  of  slip-fiber  asbestos,  which  give  little  or  no  promise  of 
commercial  value,  and  the  distribution  of  these  deposits  is  practically 
coextensive  with  the  distribution  of  those  rocks. 

The  peridotites  and  pyroxenites,  on  the  other  hand,  are  more  limited 
in  their  distribution  and  it  is  with  them  that  the  most  important  asbestos 
deposits  of  the  State  are  associated.  Their  distribution  is,  in  general, 
limited  to  the  belt  in  which  the  most  important  asbestos  deposits  of  the 
State  occur. 

Types  of  Asbestos  Found 

Asbestos  has  been  found  in  Georgia  representing  three  of  the  four 
modes  of  occurrence  described  by  Diller  as  occurring  in  the  United 
States,  namely:  Chrysotile  in  cross-fiber  veins  associated  with  serpentine, 
which  is  derived  largely  from  peridotite;  mass-fiber  anthophyllite  in  dikes 
or  irregular  masses;  and  slip-fiber  veins  in  different  types  of  basic  rocks, 
varying  from  courtlandite  to  peridotite  or  pyroxenite. 

Asbestos  of  the  first  type,  as  chrysotile  in  serpentine  rocks  of  igneous 
origin,  is  found  in  Georgia  in  a  limited  number  of  places  and  in  even 
more  limited  quantities.  At  none  of  the  places  examined  were  the 
veins  more  than  i  to  yV  in.  in  thickness;  the  veins  were  very  limited  in 
distribution,  and  constituted  a  very  small  portion  of  the  rock  mass.    It 
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can  be  quite  definitely  stated  that  this  type  of  material  does  not  occur 
in  commercial  quantities  in  this  State. 

Amphibole  asbestos  is  of  much  more  general  distribution  and  is  pres- 
ent in  much  larger  quantities.  Slip  fiber  occurs  at  numerous  localities 
over  the  crystalline  area  of  the  State,  where  it  is  found  along  shearing 
planes  in  the  basic  rocks  described  above.  Its  commercial  possibilities, 
while  somewhat  more  promising  than  the  deposits  of  the  chrysotile  type, 
are  as  a  rule  unworthy  of  consideration  because  of  the  large  amount  of 
waste  material  which  has  to  be  removed,  since  the  veins  are  usually  not 
more  than  a  few  inches  in  thickness  and  seldom  reach  as  much  as  8  to  10 
in.,  although  they  are  exceptionally  16  to  18  in.,  in  width. 

Thus  the  only  type  left  for  consideration  is  the  mass-fiber  antho- 
phyllite  deposits.  These  deposits  are  unique  in  that  more  than  90  per 
cent.,  usually  as  much  as  95  per  cent.,  of  the  rock  quarried  is  realized  as 
fiber,  while  in  the  case  of  the  chrysotile  deposits  of  Canada  the  average 
extraction  of  fiber  for  1912  was  only  6.46  per  cent,  of  the  rock  quarried. 
Although  the  extraction  of  the  Canadian  chrysotile  is  only  about  one- 
fourteenth  that  of  the  Georgia  mass-fiber  asbestos,  the  price  is  less  than 
three  times  as  great.  This  gives  a  decided  advantage  to  the  Georgia 
product,  especially  since  the  mining  can  be  done  more  economically  and 
the  milling  is  much  more  simple. 

Canadian  Asbestos*  Georgia  Asbestos 

Extraction,  6.45  per  cent.  90  to  95  per  cent. 

Average  price,  1912,  $27.79  per  ton         $10  to  $12  per  ton.* 

Extraction,  one-fourteenth  that  of  the  Georgia  anthophyllite. 

Price,  two  and  four-fifths  times  that  of  Georgia  anthophyllite. 

The  circumstances  which  keep  the  Georgia  deposits  from  being  de- 
veloped are  the  limited  demand  for  the  material,  the  distance  from  the 
railroad,  and  the  limited  size  of  the  deposits,  features  which  will  be  dealt 
with  later. 

Description  of  Localities 

A  detailed  description  of  the  more  important  asbestos  deposits  or 
even  an  enumeration  of  them  would  serve  no  useful  purpose  in  this  con- 
nection; however,  a  brief  account  of  the  best-known  deposits,  as  typical 
of  the  class,  may  serve  as  a  general  picture  of  them  all.  Figs.  1  and  2 
are  views  on  the  property  of  the  Sail  Mountain  Asbestos  Mfg.  Co.  and 
Fig.  3  shows  a  deposit  at  the  mine  of  the  Asbestos  Mining  &  Mfg.  Co., 
Holl3rwood,  Ga. 

*  Summary  Report  of  the  Mines  Branch  of  the  Department  of  Mines  of  Canada^  Year 
ending  Dec.  31,  1912,  p.  156. 

•  The  figures  here  given  represent  the  general  range  in  value  for  several  years  and  not 
the  value  for  1912,  as  that  information  i^  Qqi\Qdential,  there  being  only  one  producer. 
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Sail  Mountain  Mine 

The  Sail  Mountain  mine  is  the  oldest  producing  asbestos  mine  in 
the  United  States.  It  began  operation  about  1894,  and  until  the  last 
few  years  it  was  the  largest  producer  in  the  United  States.  The  mill  has 
a  capacity  of  10  tons  per  day.  It  is  the  only  mine,  except  the  one  at 
Kamiah,  Idaho,  which  was  worked  a  few  years  ago,  where  mass-fiber 
anthophyllite  has  been  mined. 

The  rock  is  a  fibrous  amphibolite  in  which  the  bundles  of  fibers 
range  from  li  in.  down  to  a  small  fraction  of  an  inch  in  length.  But, 
owing  to  the  lack  of  flexibility,  the  fibers  break  into  short  lengths  on  being 


FiQ.  1. — Weathered  Asbestos  Rock  Dug  from  Small  Prrs  on  Sall  Moxtntain 
Company  Property  Near  Cleveland,  Ga. 


fiberized,  so  that  the  longest  fiber  is  about  i  in.,  and  ranges  down  to 
ro  in.  and  less.  More  than  95  per  cent,  of  the  rock  mass  is  converted 
into  fiber.  Pyrite,  magnetite,  talc,  and  carbonate  of  lime  and  magnesia 
constitute  the  impurities.  The  asbestos  is  grayish  white  when  fresh,  but 
a  large  part  of  that  produced  has  been  stained  yellow  by  surface  water. 

The  country  rock  is  a  gneiss  cut  by  more  recent  granite.  The  as- 
bestos occurs  in  lens-shaped  masses,  of  which  six  of  varying  size  have 
been  worked  in  an  area  of  not  more  than  20  acres.  The  largest  body 
was  about  75  ft.  long  by  50  ft.  wide  as  a  maximum,  and  has  been  worked 
in  an  open  cut  to  a  depth  of  more  than  50  ft.  This  company  has  largely 
worked  out  its  deposits  on  Sall  mountain,  but  owns  others  near  Asbestos 
station  on  the  Gainesville  &  Northwestern  Railroad,  where  the  material 
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Fig.  3. — Asbestos  Rock  on  the  Propebty  of  tbm  Asbestos  Mining  Sl  Mfg, 

Co.,  Hollywood,  Ga.  C^r^r^n]^ 
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is  identical  in  association  and  character,  except  in  the  amount  of  dis- 
integration which  surface  waters  have  produced. 

Mass-fiber  anthophyllite  occurs  at  a  number  of  other  localities 
in  White,  Habersham,  and  Rabun  counties,  usually  associated  with 
partly  altered  rock,  slip  fiber,  and  talcose  material.  There  are  a  number 
of  places  which  give  promise  of  yielding  as  mXich  or  more  asbestos  rock 
than  the  Sail  Mountain  property.  The  occurrence  at  all  these  places  is 
very  similar  and  the  origin  appears  to  be  the  same,  but  the  quantity  of 
asbestos  at  an  individual  place  is  difficult  of  determination  because  of  the 
irregular  shape  of  the  bodies  and  the  variation  in  the  amount  of  alteration 
in  the  individual  mass. 

Origin  of  Mass-^Fiber  Deposits 

From  the  field  relationships  and  the  microscopic  study  of  much  of 
the  material  from  Georgia  the  conclusion  has  been  reached  that  mass 
fiber  develops  from  olivine-enstatite  rocks. 

In  regard  to  field  relationship,  it  has  already  been  stated  that  the 
important  asbestos  deposits,  those  of  mass  fiber,  are  limited  to  the 
belt  of  peridotites  and  pjrroxenites.  Wherever  there  is  any  rock  asso- 
ciated with  the  asbestos  which  shows  an  original  mineral  or  minerals 
it  is  universally  found  to  contain  olivine  or  enstatite,  or  both. 

A  microscopic  study  of  the  rocks  in  thin  section  has  developed  the 
facts  that  olivine  and  enstatite  give  rise  to  anthophyllite,  and  that  all 
gradations  from  olivine-enstatite  rock  to  anthophyllite  are  present.  The 
alterations  noted  are  briefly  as  follows:  The  development  of  slender 
needles  of  anthophyllite  running  in  all  directions  in  the  olivine-enstatite 
rock  and  penetrating  the  crystals  regardless  of  cleavage  cracks  and  crjrstal 
boundaries;  the  increase  in  number  and  size  of  anthophyllite  needles  at 
the  expense  of  the  original  minerals  until  only  skeletons  remain;  and  finally 
the  anthophyllite  rock  is  formed.  But  this  alteration  may  have  been 
stopped  at  any  stage  in  its  progress  by  changed  physical  conditions;  by 
processes  of  hydration  and  oxidation,  the  anthophyllite,  as  well  as  the 
remaining  olivine,  may  be  partly  converted  into  serpentine  and  the 
latter  partly  to  talc;  the  result  may  be  a  rock  containing  olivine,  antho- 
phyllite, serpentine,  talc,  magnetite,  and  carbonate  of  calcium  and 
magnesium. 

Quarrying 

The  mining  of  asbestos  in  Georgia  has  been  entirely  from  open  cuts 
or  quarries.  Rough,  brownish  boulders  usually  outcrop  at  the  surface. 
By  a  study  of  the  distribution  of  surface  fragments  and  by  digging 
a  few  shallow  pits  the  size  of  a  deposit  near  the  surface  may  be  fairly 
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well  outlined,  although  the  irregular  shape  of  the  bodies  precludes  even 
a  rough  estimate  of  the  amount  of  material  present. 

When  work  is  started,  the  deposit  is  followed  in  all  directions;  but 
the  removal  of  the  rock  is  commonly  begun  along  the  contact  with  the 
country  rock,  as  there  the  rock  is  usually  soft  and  a  face  can  be  easily 
made  to  blast  from.  The  removal  of  soil  at  all  the  localities  where  de- 
velopment has  been  undertaken  is  usually  a  small  item.  The  rock  is 
frequently  soft  enough  to  dig  with  a  pick,  although  irregular  masses  of 
hard  rock  have  to  be  drilled  and  blasted.  The  work  is  done  largely  by 
hand;  the  rock  is  loaded  in  small  hand  cars  or  wheelbarrows  and  hauled 
to  the  dr3dng  sheds. 

Milling 

The  crude  asbestos  is  dried  either  in  open  sheds  or  over  steam  pipes; 
when  suflSciently  dry  it  is  passed  through  a  jaw  crusher,  and  then  through 
a  rotary  crusher,  where  the  rock  is  reduced  to  1-in.  mesh  and  less.  From 
the  crusher,  the  rock  is  passed  to  a  bin,  from  which  it  feeds  into  a  Ray- 
mond pulverizer.  As  the  rock  is  fiberized  it  is  carried  upward  by  a  suc- 
tion fan  and  separated  by  air  currents,  the  coarse  material  returning  to 
the  pulverizer,  the  fines  collecting  in  a  bin  which  feeds  into  a  packer,  and 
the  dust  settling  in  a  dust  room. 

Uses  of  Asbestos 

One  of  the  principal  uses  to  which  the  anthophyllite  asbestos  has  been 
put  is  in  the  preparation  of  asbestos  cement  for  boiler  coverings  and 
furnace  linings.  Twelve  (?)  car  loads  of  the  Georgia  product  were  used 
at  Ducktown  in  lining  the  flues.  This  type  of  asbestos  may  be  used  in 
the  manufacture  of  the  following  articles:  Furnace  linings,  fire  bricks, 
steam-pipe  coverings,  asbestos  shingles,  wall  plaster,  asbestos  tiling  for 
floors,  etc.  Numerous  experiments  have  been  made  with  the  amphibole 
asbestos,  but,  owing  to  the  fact  that  the  largest  manufacturers  of  as- 
bestos in  this  country  are  interested  in  the  Canadian  mines,  it  is  diflScult 
to  get  this  material  on  the  market  in  the  United  States.  The  greater 
part  of  the  mineral  now  being  mined  in  Georgia  is  sold  in  Germany.  Dur- 
ing the  past  year  the  manufacture  of  asbestos  cement  from  Georgia 
asbestos  was  begun  here  and  a  considerable  quantity  has  been  sold  for 
local  use.  Considering  the  uses  to  which  dt  can  be  put  and  the  cheap- 
ness of  its  extraction  and  milling,  it  seems  that  there  should  be  a  future  for 
the  material,  notwithstanding  the  enormous  output  of  low-grade  asbestos 
from  the  chrysotile  areas. 

Summary 

Asbestos  representing  three  modes  of  occurrence  is  found  in  Georgia. 
Chrysotile,  occurring  in  serpentine  which  is  derived  from  peridotite, 
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is  present  in  insignificant  quantities  in  a  few  localities,  where  it  gives 
no  promise  of  commercial  value.  Asbestos  of  the  amphibole  variety  in 
slip-fiber  veins  occurs  at  widely  distributed  points  over  the  Piedmont 
area  of  the  State;  while  mass-fiber  asbestos,  which  represents  the  most 
important  deposits  from  a  commercial  point  of  view,  is  restricted  in 
general  to  the  belt  of  peridotite  and  pyroxenites  which  crosses  the  State 
in  a  southwest  direction  from  Rabun  county  to  Harris  coimty,  but  is 
relatively  more  important  in  Rabun  and  Habersham  counties  than  in  any 
others.  Judging  from  the  field  relations  and  the  microscopic  study 
of  the  material  it  has  been  concluded  that  the  mass-fiber  anthophyllite 
is  derived  from  enstatite-olivine  rocks. 

Mass-fiber  asbestos,  owing  to  the  nature  of  its  occurrence,  is  capable 
of  being  mined  very  economically,  but  owing  to  the  slight  demand  little 
is  being  put  on  the  market  at  the  present  time.  With  a  good  demand 
for  the  material,  at  from  $8  to  $12  per  ton  a  number  of  deposits  in  this 
State  could  be  worked  with  profit  and  a  large  amount  of  the  material 
could  be  put  on  the  market. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[SXreJBCT  TO  revisionI 

mSCnSSION  of  this  paper  is  invited,  it  should  pnfenblv  be  px^aented  in  penon  at  the 
Pittsburg  meeting,  October.  1914,  when  an  abetract  of  the  paper  will  be  read.  II  this  MimpoMible, 
then  diflouanon  in  writins  may  be  eent  to  the  Editor,  Amerioan  inatitute  of  Mining  Engineer*,  20  Weat 
39th  Street,  New  York,  K.  Y.,  for  presentation  by  the  SeoreUry  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  1,  1914.  Any  discussion 
o£Fared  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Reserves  of  Iron  Ore  for  the  United  States 

BY  JOHN  BIBKINBINE,   PHILADBLPHIA  FA., 
(Pittsburg  Meeting,  October,  1914) 

Extended  discussionSi  by  inviting  attention  to  problems  affecting 
the  conservation  of  natural  resources,  have  encouraged  investigations  as 
to  their  sufficiency,  with  the  general  result  that  the  more  thorough  the 
examination,  the  less  cause  appears  for  anxiety  as  to  the  exhaustion  or 
serious  depletion  of  these  resources.  The  extent  of  industrial  develop- 
ment, the  large  plants  and  the  enormous  volumes  of  materials  required, 
when  compared  with  conditions  a  few  decades  ago,  are  sufficiently  startling 
to  enlist  the  attention  of  those  who  "fear  the  pace,"  and  yet  in  but  few 
instances  has  real  solicitude  for  the  future  been  warranted  by  a  knowl- 
edge of  true  conditions. 

In  a  former  communication,  presented  5  years  ago,*  I  endeavored  to 
emphasize  the  fact  that  true  conservation  represented  the  best  utilization 
of  reserves  and  not  the  locking  up  of  resources  for  future  use;  a  conviction 
which  has  become  more  pronounced  as  the  subject  was  investigated. 
Prophecies  of  the  early  exhaustion  of  mineral  resources  have  raised  the 
question  as  to  our  permanent  reliance  upon  these,  and  encouraged  in- 
quiries which  have  in  most  cases  developed  reassuring  conditions.  But 
the  fact  that  the  future  appears  less  dark  than  prognosticated  cannot 
excuse  wastefulness  or  improvidence;  and  detailed  study  which  demon- 
strates an 'apparent  abundance  of  natural  resources  should  encourage 
their  best  application. 

In  making  inventories  of  resources  one  is  liable  to  confine  conclusions 
as  to  availability  upon  present  circumstances  and  conditions  in  the  past, 
or  to  formulate  data  for  the  future  upon  methods  which  are  rapidly  being 
displaced.  In  reserves  which  are  not  reproductive,  such  as  minerals,  the 
possibilities  of  exhausting  the  supply  are  startling  if  estimates  assume  that 
future  extensions  will  follow  methods  which  were  less  economical  than 
those  now  employed,  or  to  be  used,  and  we  dare  not  claim  that  the  limit 
of  advanced  practice  has  been  attained. 

Examinations  and  estimates  of  iron-ore  reserves  may  be  taken  as 

»  The  CoMerwdian  of  Natural  Resources,  Trans,,  vol.  d,  pp.  412  to  418  (1909). 
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illustrative  to  determine  whether  an  ample  supply  exists  in  our  own 
country,  or  judge  of  the  possibilities  of  liberal  accretions  which  may  be 
obtained  from  deposits  of  phenomenal  character  or  size  located  elsewhere. 

The  prevalent  method  of  estimating  iron-ore  resources  has  been  to  con- 
sider them  as  applicable  to  the  present  status  and  location  of  industrial 
development,  to  methods  of  utilization  in  vogue,  and  to  processes  which 
are  accepted  as  the  best  in  the  light  of  existing  knowledge. 

A  retrospect  of  the  history  of  iron  production  in  the  United  States 
demonstrates  that  the  location  of  industrial  centers  dependent  upon  the 
smelting  of  iron  ores  has  materially  changed,  and  that  many  blast  furnaces, 
formerly  relying  upon  local  ores,  now  obtain  their  supplies  from  distant 
points.  The  abundance  and  quality  of  mineral  has  caused  the  greatest 
development  during  the  past  20  or  30  years  at  localities  to  which  ores 
from  the  Lake  Superior  region  have  been  transported  from  rail  to  vessel, 
and  again  from  vessel  to  rail  to  reach  smelting  plants;  but  other  industries 
have  been  created  to  supply  a  demand  in  sections  of  the  country  which 
several  decades  ago  offered  but  a  limited  market  for  manufactured 
products. 

As  population  increases,  as  towns  and  cities  grow,  as  railroads  are 
extended  in  various  parts  of  the  country  more  or  less  sparsely  inhabited, 
as  water  transportation  is  cheapened,  and  as  requirements  from  other 
countries  may  make  drafts  upon  or  furnish  material  for  the  products  of 
the  United  States,  changes  in  industrial  centers  may  be  expected.  We, 
therefore,  may  not  limit  consideration  of  the  iron-ore  reserves  solely 
as  affecting  the  iron  and  steel  industry  as  it  now  exists  in  this  country,  for 
railroad  and  water  transportation  cheapen  the  cost  of  delivering  materials 
from  distant  points  and  facilitate  the  shipment  of  manufactured  products. 

Mechanical  ingenuity,  by  displacing  manual  labor,  admits  of  greatly 
augmented  outputs  and  larger  plants,  while  local  industrial  development 
is  an  early  desire  of  growing  communities. 

Our  iron-ore  reserves  are  to  be  estimated  as  supplying  our  present  in- 
dustries and  also  as  encouraging  the  development  of  new  enterprises  in  a 
country  of  vast  area,  rapidly  increasing  in  population  and  in  markets  for 
iron  and  steel  products. 

The  history  of  the  Institute,  as  set  forth  in  its  Transactions,  shows  how 
the  centers  of  production  and  consumption  have  shifted,  and  illustrates 
changes  which  may  be  expected,  at  least  in  part,  to  be  repeated. 

Another  factor  apparently  neglected  is  that  but  few  iron-ore  mines 
have  been  worked  to  exhaustion,  for  inquiries  covering  several  years 
failed  to  develop  any  considerable  number  of  iron-ore  mines  which  could 
be  classed  as  worked  out.  There  are  mines  which  have  been  abandoned 
because  of  accident,  or  by  reason  of  apparent  inferiority  of  the  mineral 
to  other  ores  latterly  obtainable. 

There  are  instances  of  mines  flooded  because  of  inefficient  pumping 
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apparatus  which  have  ceased  operations,  and  of  others  which  have  been 
wrought  without  modem  labor-saving  appliances  and  were  not  economic- 
ally exploited,  but  some  of  which  may  be  revived  and  made  productive 
by  utilizing  equipment  of  modem  design  and  capacity.  Other  mines  lie 
dormant  by  reason  of  some  constituent,  which  is  or  has  been  considered 
as  deleterious,  or  because  existing  transportation  facilities  do  not  en- 
courage immediate  development,  and  limited  financial  ability  of  some  who 
attempted  to  operate  iron  mines  or  blast  furnaces,  is  also  blamable  for  in- 
active deposits. 

But  a  careful  review  of  the  iron-ore  deposits  of  the  United  States, 
which  have  been  or  are  wrought,  shows  remarkably  few  instances  where 
the  deposit  has  been  "bottomed"  or  followed  to  its  lateral  termini;  on 
the  contrary,  the  testimony  of  those  operating  iron-ore  mines,  proves  that 
in  the  majority  of  instances,  the  more  a  deposit  is  exploited,  the  greater 
are  the  apparent  reserves.  After  nearly  60  years  of  activity,  new  "  finds  " 
of  iron  ore  are  reported  from  the  Marquette  range  in  Michigan,  and  the 
same  is  true  of  the  Menominee  range,  which  was  opened  20  years  subse- 
quent to  the  Marquette  range. 

The  Gogebic  range  of  Michigan  and  Wisconsin,  after  a  history  of  30 
years,  has  been  demonstrated  to  possess  enormous  deposits  of  desirable 
iron  ores  below  what  had  previously  been  considered  a  dike  defining  the 
depth  of  orebodies.  And  later  discoveries  between  the  Gogebic  and 
Eastern  ranges  have  proven  large  quantities  of  iron  ore.  In  Minnesota, 
which  30  years  ago  supplied  no  iron  ore  but  has  grown  to  be  the  largest 
known  producer,  ore  is  now  obtained  in  sections  which  until  lately  were 
considered  beyond  the  productive  limits;  while  explorations  are  develop- 
ing additional  ore  supplies.  One  hard-ore  property,  which  had3>een  a 
large  producer  but  abandoned  because  of  its  apparent  exhaustion,  is  still 
contributing  to  the  ore  supply  and  the  deposit  has  been  proven  to  extend 
into  the  adjoining  properties,  where  it  is  successfully  wrought. 

The  magnetic  iron  mines  of  the  Lake  Champlain  district,  which  have 
long  been  active,  show  no  signs  of  exhaustion  and  new  explorations  are 
exposing  orebodies  whose  magnitudes  have  been  estimated  in  hundreds  of 
millions  of  tons.  The  Cornwall  ore  banks  in  Pennsylvania,  which  have 
been  supplying  ore  for  over  170  years,  have  lately  been  equipped  on  a 
scale  demonstrating  that  the  owners  are  satisfied  of  liberal  reserves  for 
many  years  to  come.  Active  mining,  which  has  been  prosecuted  for 
about  40  years  in  the  Birmingham  district  in  Alabama,  does  not  suggest 
exhaustion,  but  rather  directs  attention  to  the  probabilities  of  a  liberal 
supply  of  ore  for  the  future.  Iron  ores  have  been  determined  as  exist- 
ing in  liberal  amounts  either  by  exploration  or  by  more  or  less  con- 
tinued exploration  in  the  eastern  and  central  parts  of  the  country,  also 
in  the  Rocky  Mountain  region,  and  the  territory  to  the  west.  In  Colo- 
rado an  important  iron  and  steel  industry  has  heen  maiiitained  for 
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more  than  three  decades  upon  ores  mined  from  deposits,  some  of  which 
are  of  known  magnitude  in  the  Rocky  Mountain  region. 

The  litigation  between  the  National  Government  and  the  United 
States  Steel  Corporation  brought  forth  sworn  testimony  from  experts, 
among  which  were  the  following  estimates  of  iron-ore  reserves: 

In  Michigan:  170,000,000  long  tons,*  or  if  high-silica,  low-phos- 
phorus ores  of  40  per  cent,  grade  are  included,  219,000,000  long  tons. 

Minnesota  in  1911  was  credited  with  1,670,000,000  tons,  the  Cuyuna 
being  then  estimated  at  40,000,000  tons  and  subsequently  increased  to 
400,000,000  tons.  The  tonnage  of  reserves  of  the  Great  Northern  lands 
was  estimated  at  235,416,756  tons. 

If  all  ore  above  a  minimum  of  45  per  cent,  of  iron  is  considered,  there 
would  be  an  additional  iron-ore  reserve  in  the  Lake  Superior  district  of 
at  least  2,000,000,000  tons,  and  if  the  minimum  is  35  per  cent.,  70,000,- 
000,000  tons. 

The  Adirondack  region  of  New  York  was  estimated  to  contain 
800,000,000  tons,  which  would  yield  300,000,000  tons  of  furnace  ore;  and 
for  southeastern  New  York  60,000,000  tons  of  reserves  were  estimated. 

New  Jersey  was  stated  to  contain  130,000,000  tons  of  reserves,  of 
which  30,000,000  tons  were  shipping  ore,  and  the  balance  would  yield 
40,000,000  tons  of  concentrates  carrying  60  per  cent,  of  iron. 

In  Alabama,  the  Birmingham  district  was  estimated  as  having 
1,300,000,000  tons,  the  Russellville  district  100,000,000  tons,  and  eastern 
Alabama  not  over  25,000,000  tons. 

Virginia  was  credited  with  100,000,000  tons  and  Texas,  in  Cass  and 
adjoining  counties  has  250,000,000  tons  of  brown  ores. 

To  the  above  could  be  added  reserves  of  considerable  quantities  in 
mines  which  have  been  exploited,  and  possibilities  of  known  iron-ore 
deposits  in  sections  of  the  country  which  have  not  heretofore  supplied 
iron  ores  or  offered  a  market  for  them. 

In  nearly  all  the  political  divisions  of  the  United  States  iron  ores  of 
apparently  desirable  quality  and  quantity  are  known  to  exist  and 
geological  reports  upon  a  number  of  important  iron-ore  deposits  demon- 
strate the  probabilities  of  liberal  extensions  beyond  present  exploitation 
in  depth  or  length  or  both,  and  the  working  of  mines  has  in  many 
instances  fully  warranted  the  geologists'  conclusions. 

Iron-ore  producing  regions  are  generally  areas  of  iron-bearing  rocks, 
in  which  there  are  local  concentrations  carrying  sufficient  iron  to  en- 
courage exploitation  as  merchantable  iron  ore,  and  the  grouping  of  the 
deposits  which  have  been  or  are  now  the  sources  of  iron-ore  supply  de- 
monstrate that  the  above  may  be  considered  as  the  rule  rather  than  the 
exception,  although  exceptions  may  be  recalled.    Until  these  iron-ore 


*  The  Michigan  Tax  Commission  in  1913  made  new  estimates  of  the  reserves  of 
ore,  showing  a  total  q!  189,467,621  tons. 
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bearing  areas  are  thoroughly  explored,  new  discoveries  of  workable  mines 
may  be  expected,  and  until  exploitation  discloses  the  limits  of  the 
mineral,  their  capacities  cannot  be  calculated. 

To  the  above  may  be  added  the  foreign  sources  which  may  supplement 
the  domestic  supply  of  iron  ores,  upon  some  of  which  testimony  was 
presented  in  the  litigation  above  mentioned. 

Cuba  was  estimated  to  have  3,000,000  to  6,000,000  tons  of  hard  ore, 
and  3,000,000,000  to  3,400,000,000  tons  of  soft  ores. 

The  Tofo  mines  in  Chili  had  a  mountain  of  ore,  which  for  a  distance 
of  but  half  way  from  the  top  was  estimated  to  have  150,000,000  tons 
of  67.5  per  cent,  ore,  and  if  taken  to  the  level  of  the  valley  would  yield 
probably  three  or  four  times  as  much. 

The  Newfoundland  iron  ores^  were  estimated  at  3,250,000,000  to 
5,000,000,000  tons,  and  in  the  Mmas  Geraes  district  of  Brazil  7,000,- 
000,000  to  8,000,000,000  tons  of  60  per  cent,  uron  ore  were  claimed. 

Sweden  is  credited  with  1,500,000,000  tons  of  reserves  in  Etlruna 
and  493,000,000 Jbons  in  other  deposits. 

Much  additional  detailed  information  concerning  the  future  supply 
of  iron  ore  appears  in  the  volume  entitled  The  Iron  Ore  Reserves  of  the 
Worldj  a  part  of  the  proceedings  of  the  International  Geological  Con- 
gress held  at  Stockholm,  Sweden  in  1910,  and  in  published  monographs 
on  special  districts  or  deposits,  many  of  the  estimates  of  which  have 
been  exceeded  by  later  detailed  reports. 

Some  iron  industries  formerly  important  have  passed  into  memory 
and  mines  which  for  long  terms  of  years  produced  mineral  lie  dormant, 
but  on  the  other  hand  new  developments  are  noted  and  mining  operations 
are  on  a  scale  of  magnitude  attracting  world-wide  attention.  Industries 
of  moderate  size  which  these  effete  installations  supplied  have  expanded 
and  demand  iron  or  its  manufactures  in  large  volume.  The  mines 
abandoned  may  not  have  yielded  all  their  ore,  but  in  the  march  of  prog- 
ress the  volume  of  business  has  been  greatly  extended  and  other  sources 
are  utilized.  It  is  not  improbable  that  some  of  the  idle  plants  and 
dormant  mines  may  be  revivified  and  that  the  pendulum  of  production 
which  in  the  United  States  swung  geographically  westward  may  return, 
at  least  in  part,  to  the  East.  Localities  could  be  cited  where  iron-ore 
mines  have  been  or  are  operating,  for  which  continuous  life  may  be 
confidently  expected,  and  the  more  thoroughly  they  are  explored,  their 
greater  possibilities  may  be  demonstrated. 

Another  phase  in  estimates  of  reserves  is  the  changing  demand  for 
ores  of  specific  compositions,  as  was  instanced  by  the  apparent  scarcity 
of  ore  of  Bessemer  grade  being  the  incentive  for  a  liberal  development  of 
the  basic  openhearth  steel  industry,  thus  making  available  much  mineral 
formerly  considered  under  the  ban  and  reducing  the  premium  on  Bessemer 
ores.     Millions  of  tons  of  concentrated  ore,  treated  to  raise  the  iron  con 
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tent  or  eliminate  undesirable  constituents,  are  now  annually  used  in  the 
United  States.  Northern  New  York  contributes  large  amounts  of  mag- 
netic concentrates,  Minnesota  and  the  Southern  States  supply  quan- 
tities of  washed  ore,  suggesting  that  other  deposits  in  which  the  minealr 
is  lean  in  iron,  or  which  contains  objectionable  ingredients,  may,  with 
modem  appliances,  add  to  the  supply  of  the  country. 

Heat  treatment  of  iron  ores  also  increases  the  available  supply  by  sinter- 
ing or  nodulizing  finely  comminuted  material  and  driving  off  sulphur  and 
volatile  matter. 

All  methods  of  beneficiating  iron  ores  add  to  the  cost  of  the  marketable 
product  but  the  high  grade  obtained  may  offset  this  expense  by  com- 
manding increased  ton  rates,  and  the  outlay  necessary  to  improve  local 
ores  may  be  less  than  the  transportation  charges  on  others  from  distant 
mines. 

Metallurgy,  which  has  mastered  many  difl&cult  problems,  may  be 
expected  to  overcome  successfully  apparently  unfavorable  compositions 
of  iron  ores.  Copper, which  has  been  objected  to  as  a  drawback  in  ma- 
nipulating iron  associated  with  this  element,  is  now  desired  by  some 
manufacturera,  and  the  presence  of  this  metal  within  certain  limits  even 
suggests  a  premium  due  to  its  occurrence  with  the  iron.  Obj  ection  to  the  use 
of  sulphurous  iron  ores  is  less  pronounced  than  formerly,  for  these  are  fed 
to  furnaces  whose  burden  is  adjusted  and  fluxed  to  practically  neutralize 
this  element.  Titanium,  chromium  and  other  elements  which  have  been 
under  the  ban  are  accepted  as  component  parts  of  iron  ores  for  use,  and 
phosph  orus,  which  was  classed  as  most  obj  ectionable,  has  lost  much  of  its  bad 
reputation,  and  is  even  purchased  to  add  to  the  charge  fed  to  some  blast 
furnaces  which  smelt  iron  ores  deficient  in  this  element. 

Most  estimates  of  iron-ore  reserves  assume  that  the  present  processes 
of  smelting  and  conversion  are  to  coutinue.  Marvelous  progress  has  been 
made  in  perfecting  these  processes,  quantity  and  quality  of  product  being 
obtained  at  costs  far  below  those  of  a  few  decades  ago,  and  this  advance 
may  be  expected  to  continue,  with  possibly  even  more  radical  changes  in 
the  future  than  have  heretofore  taken  place.  The  blast  furnace  has  been 
the  accepted  appliance  for  producing  iron  for  centuries,  but  the  plant  at 
the  present  time  is  quite  different  frofn  one  of  even  50  years  ago,  not  only  in 
the  quantity  produced  but  in  the  materials  used,  the  practice  followed 
and  the  resultant  economies.  It  is  possible  that  another  50  years  may  so 
change  the  smelting  process  as  practically  to  eliminate  the  blast  furnace,  and 
in  estimating  the  iron-ore  reserves  we  should  consider  that  new  methods 
may  be  employed  for  using  ores  which  are  now  considered  relatively 
undesirable. 

The  production  of  ferric  alloys  of  titanium,  phosphorus,  chromium,  sil- 
icon, manganese,  etc.,  warrant  the  expectation  that  these  may  grow  in  im- 
portance, and  that  some  ores  in  which  the  above  or  other  elements  are 
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prominent,  may  be  in  much  demand,  for  in  many  lines  of  industry  steels 
of  specific  composition,  in  which  some  of  the  rarer  elements  are  alloyed, 
are  sought  and  the  production  of  such  steels  has  already  reached  an  im- 
portant volume.  For  such  purposes  ores  of  which  iron  is  the  base,  but 
which  are  at  present  lightly  esteemed  because  of  other  items  of  com- 
position, may  be  sought  and  liberally  employed. 

While  in  the  United  States  the  electrical  furnace  has  been  primarily 
applied  to  refining  steel,  the  possibilities  of  electrical  smelting  may 
command  attention,  especially  where  rich  ores  can  be  treated  with 
electricity  developed  by  water  power  or  by  fuel  at  low  cost,  a  possibility 
influenced  by  the  highly  economic  operation  of  turbogenerators. 

Considering  the  various  features  above  enumerated  and  remembering 
how  much  of  our  mineral  wealth  remains  to  be  proven,  there  would  seem 
to  be  little  ground  for  anxiety  as  to  the  future  supply  of  iron  ores  for  the 
United  States,  especially  if  the  question  as  to  the  years  for  which  a  supply 
should  be  calculated  enters  into  the  discussion.  Such  an  estimate 
should  take  into  consideration  the  factors  which  have  been  above  out- 
lined and  also  the  financial  problem;  for  it  is  fairly  presumable  that  any 
deposit  of  iron  ore  demands  an  outlay  of  money  for  its  purchase  or  lease- 
hold; and  for  the  capital  invested  in  plant  upon  which  interest  and 
amortization  must  be  provided,  while  the  growing  tendency  to  base 
taxation  upon  calculated  reserves  places  on  the  iron  miner  the  necessity  of 
pajring  continuously  the  taxes  upon  mineral  which  he  may  not  win  for 
many  years,  or  which  may  be  ultimately  lost  by  fire,  flooding  or  other 
accident. 

The  return  for  the  money  invested  in  the  iron  and  steel  industry 
or  in  the  mining  of  iron  ore,  will  be  affected  by  the  duration  of  the  de- 
mand for  its  products,  and  by  competition  which  must  be  met  from  other 
developments  or  industries  subsequently  brought  into  activity.  The 
investor  will  consider  the  extension  of  productive  facilities  elsewhere, 
the  growth  of  communities  and  the  local  demand  which  these  will  make. 
If  the  ore  produced  is  practically  free  from  undesirable  components  it 
may  have  to  meet  competition  from  other  ores  from  which  these  compo- 
nents are  removed  by  processes  of  beneficiation,  and  the  demand  for 
metals  of  certain  alloys  may  also  influence  the  amount  of  mineral  to  be 
won  and  the  use  to  which  it  is  to  be  applied.  It  may  then  be  questioned 
whether,  in  providing  supplies  of  iron  ores,  one  is  justified  in  assuming 
that  a  specific  deposit  or  series  of  deposits  may  be  the  dependence  for  an 
industry  far  in  advance. 

This  paper  could  be  extended  by  instancing  individual  deposits  of 
iron  ore  or  specific  industrial  installations  as  proof  of  the  general  conclu- 
sions presented,  but  if  it  invites  attention  to  what  may  be  classed  errors 
in  prognosticating  reserves,  or  it  awakens  discussion  upon  future  changes 
which  may  be  expected,  its  purpose  will  have  been  served. 


Digitized  by 


Google 


2292  RESBBVEB  OF  IBOK  ORB  FOB  THB  TTNTHGD  STATES 

The  discussion  has  been  confined  to  the  iron-ore  reserves'  of  the 
United  States  or  those  which  have  been  estimated  as  available  to  sup- 
plement the  domestic  supply  and  while  there  has  been  no  attempt  to 
consider  the  iron-ore  deposits  of  the  world,  it  is  believed  the  suflBciency 
of  these  may  also  be  demonstrated. 
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TRANaACTIONS  OF  THB  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  revibion] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  prtferabhr  b«  itnMntdd  in  penon  at  the 
Pittsburg  meeting,  Ootobar,  1914.  when  an  abstraot  of  the  paper  will  be  read.  If  thit  U  impoanble 
then  dieouBBion  in  writinc  mav  be  sent  to  the  Editor,  Amerioan  Institute  of  Mining  Engineers,  29  West 
3)th  Street,  New  York,  N.  x.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Ualeas  special  arrangement  is  made,  the  disoussion  of  this  paper  will  olose  Deo.  1, 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  foxm  of  a  new  paper. 


The  Maritime  Features  of  th6  ''Crude  Petroleum''  Problem 

BT  REAR  ADMIRAL  JOHN  R.  EDWARDS,  U.  8.  NAVT,  WASHINGTON,  D.  C. 
(Pittsburg  Meeting,  October,  1914) 

Ifdroductory. — There  are  many  interesting  and  important  events  con- 
nected with  the  petroleum  problem.  The  remarkable  men  who  conceived 
the  thought  of  transpbrting  petroleum  by  pipe  line,  conserving  the  by- 
products of  the  commodity,  and  conducting  extended  investigation  and 
research  whereby  the  flash  point  of  the  oil  was  raised,  its  cost  reduced  and 
its  supply  assured,  are  deserving  of  the  gratitude  of  this  nation. 

It  was  primarily  the  success  attained  by  Captain  Lucsus,  after  his  com- 
prehensive search  for  oil  in  Texas  and  Louisiana,  that  was  the  impelling 
cause  which  prompted  the  Navy  Department  to  conduct  the  extensive 
series  of  liquid  fuel-oil  tests  that  were  made  from  1901  to  1903.  The 
sensational  discovery  of  oil  at  Spindle  Top  made  a  deep  impression  upon 
Rear  Admiral  George  W.  Melville,  then  Engineer-in-Chief  of  the  Navy, 
and  the  discovery  of  the  vast  oil  field  in  Texas  convinced  him  that,  within 
a  generation,  if  not  within  a  decade,  crude  petroleum  was  going  to  play 
a  very  important  part  in  warfare,  and  that  the  commodity  might  possibly 
develop  into  a  necessary  munition  of  war. 

The  United  States'  Commanding  Position  as  a  Petroleum  Producer. — 
In  the  study  of  the  various  problems  relating  to  the  world's  production 
of  crude  petroleum,  the  position  of  the  United  States  is  one  of  commanding 
importance,  whether  viewed  from  the  industrial  or  the  military  aspect. 

The  present  yield  of  this  country  is  practically  double  that  of  the  rest 
of  the  world,  and,  in  view  of  the  productive  and  prospective  fields 
possessed  by  various  countries,  together  with  the  comprehensive  and  ex- 
haustive search  that  has  been  made  throughout  the  world  for  petroleum, 
it  is  extremely  probable  that  this  lead  will  be  maintained  for  the  next 
decade. 

As  regards  the  character  of  the  crude-oil  yield  of  different  countries, 
America  possesses  the  greater  part  of  the  supply  that  contains  a  paraffine 
base,  and  therefore  a  considerable  portion  at  least  of  the  American  product 
produces  the  best  illuminant.  Of  all  the  crude-oil  distillates,  kerosene  is  in 
many  respects  the  most  important,  and  the  Appalachian  product  for 
this  purpose  is  favored,  particularly  in  the  Far  East,  above  that  of  any 
other  petroleum  yield  of  the  world. 
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We  are  undoubtedly  in  advance  of  any  other  nation  in  the  extent  and 
character  of  our  prospecting  and  drilling  facilities,  and  this  is  attested  by 
the  fact  that  American  experts  are  found  in  nearly  all  the  other  oil  districts 
of  the  world,  directing  the  activities  of  production. 

In  methods  of  refining  our  position  is  on  a  parity  with  others,  if  not  a 
commanding  one.  We  have  been  able  to  obtain  from  the  crude  product 
various  distillates  of  as  high  character,  and  at  as  low  a  cost,  as  can  be 
produced  by  the  foreign  refineries.  New  and  important  uses  are  being 
found  for  the  by-products  of  crude  oil,  and  our  discoveries  in  this  direction 
may  undoubtedly  be  regarded  as  important  as,  if  not  superior  to,  those  of 
our  rivals. 

In  methods  of  land  transportation  our  lead  is  undisputed.  This 
should  not  be  surprising,  considering  the  extended  and  diversified  ex- 
perience that  we  have  had  in  the  construction  of  pipe  lines,  pumping 
stations,  and  containing  tanks,  as  compared  with  the  relatively  limited 
experience  of  the  rest  of  the  world. 

The  United  States'  Weakness  as  Regards  Ocean  Transportation. — ^There 
is  one  important  feature  of  the  fuel-oil  problem,  however,  wherein  we  are 
lamentably  weak,  and  that  is  the  maritime  distribution  of  the  product 
from  the  terminals  of  the  pipe  lines  to  various  important  seaports  of  our 
own  country,  as  well  as  to  ports  abroad. 

The  modern  sea-going  tankers  that  we  possess  are  few  in  number  as 
compared  with  those  that  fly  the  ensign  of  Great  Britain.  Our  failure 
to  convey  or  distribute  crude  oil  in  as  efficient  a  manner  as  we  produce, 
refine,  and  transport  the  product,  constitutes  a  serious  industrial  reproach 
to  our  commercial  abilities.  When  viewed  from  a  military  standpoint, 
our  lamentable  dearth  of  ocean  tankers  and  sea-going  barges  constitutes 
a  great  military  weakness. 

Our  Lade  of  Sea-Going  Oil  Craft  Entails  Heavy  Direct  and  Indirect 
Loss  to  American  Industrial  A  divities, — It  appears  incongruous  that  a 
British  corporation  should  find  it  a  profitable  venture  to  spend  millions 
of  dollars  in  prospecting  for  oil  in  Mexico,  Ecuador,  Colombia,  and  other 
Central  and  South  American  republics,  when  our  own  capitalists  ought 
logically  to  undertake  the  practically  exclusive  development  of  those 
fields. 

The  British  corporations  engaged  in  petroleum  development  cannot 
possibly  have  the  intimate  professional  knowledge  and  extended  practical 
experience  that  is  possessed  by  our  own  experts.  Our  banking  interests 
are  likewise  undoubtedly  as  ready  to  advance  capital  in  the  exploitation 
of  legitimate  fuel-oil  enterprises  as  the  financial  interests  of  England. 
It  appears  evident  that  it  is  only  because  the  American  maritime  feature 
of  the  fuel-oil  problem  is  so  unsatisfactory  that  it  has  been  possible  for 
the  Pearson  Corporation  in  Mexico  to  compete  against  the  American 
interests  in  that  country. 
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As  illustrative  of  the  deplorable  condition  of  affairs  as  regards  the 
maritime  feature  of  the  crude-petroleum  problem,  it  is  pertinent  to  call 
attention  to  the  fact  that,  when  the  Liquid  Fuel  Board  of  the  Navy  was 
conducting  its  extended  series  of  fuel-oil  tests  from  1901  to  1903,  an  in- 
vestigation that  extended  over  a  period  of  30  months,  and  an  investi- 
gation wherein  there  were  expended  at  least  a  quarter  of  a  million 
dollars,  there  were  several  periods  when  the  President  of  the  Broad  was 
informed  that,  for  two  or  three  days  at  least,  there  was  not  one  single 
American  tanker  carrying  fuel  oil  between  the  Texas  terminal  ports  and 
the  leading  seaports  on  the  north  Atlantic  coast.  Careful  investigation 
was  made  to  determine  if  such  a  condition  of  affairs  actually  existed, 
and,  from  the  best  information  obtainable,  there  was  one  period,  if  not 
two,  when  it  happened  that  every  American  seargoing  tanker  was  either 
temporarily  disabled,  detained  in  port,  or  had  met  with  some  delay  so 
that  no  oil  vessel  was  steaming  between  the  Gulf  and  north  Atlantic 
ports. 

It  is  possible  that,  at  these  two  particular  periods,  one  or  two  such 
tankers  may  have  been  proceeding  with  empty  compartments  to  the 
Gulf  for  a  cargo  of  oil.  It  may  be  stated  as  a  fact,  however,  that  in 
1901  or  1902  a  situation  arose  whereby,  for  at  least  a  few  da3^,  not  one 
gallon  of  crude  oil  was  being  transported  by  water  from  Texas  to  northern 
ports.  There  were,  of  course,  during  t  lis  special  period,  considerable 
quantities  of  oil  being  transported  in  barges  from  the  terminal  pipe  lines 
and  refineries  at  Baltimore,  Point  Breeze,  Marcus  Hook,  and  Bayonne 
to  other  points  on  the  Atlantic. 

As  bearing  upon  the  question  of  the  world's  dearth  of  oil  tankers, 
it  may  be  well  to  call  attention  to  the  fact  that,  about  18  months  ago,  the 
Paymaster-General  of  the  Navy  made  an  effort  to  find  out  the  number 
and  character  of  the  tankers  that  could  be  chartered  at  short  notice  by 
the  government.  It  was  found  at  that  time  that  it  would  not  be  possible 
to  secure  at  short  notice  one  single  American  tanker  on  the  Atlantic 
coast;  every  tanker  flying  the  American  flag  being  required  to  convey 
the  oil  that  was  used  for  industrial  and  other  purposes  by  regular 
consumers. 

A  still  greater  surprise  was  experienced  when  it  was  found  that  but 
one  British  tanker  could  be  procured  at  that  period,  and  that  this  vessel 
could  only  be  chartered  by  the  Navy  Department  by  the  payment  of  a 
rental  of  $575  per  day,  which  rental  did  not  include  fuel  and  port  charges. 
This  rental  had  to  be  paid  from  the  date  the  British  tanker  was  chartered 
in  London,  and  was  to  continue  until  the  return  of  the  vessel  to  the  same 
port. 

It  seems  surprising,  if  not  astounding  in  view  of  the  fact  that  we  not 
only  surpass  the  world  as  regards  the  yield  of  the  crude-oil  product, 
butthat  likewise  we  possess  advanced   methods   of  boring,  improved 
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processes  of  distilling,  and  incomparable  methods  of  land  transportation 
that  the  maritime  feature  of  the  oil  industry  should  have  been  neglected 
by  this  nation. 

Profits  of  the  Oil  Industry  have  been  in  the  Refining  and  Tran9pori42tion 
of  the  Product. — In  the  study  of  the  extensive  and  far-reaching  report 
of  the  Commissioner  of  Corporations,  as  contained  in  the  govemment's 
brief  against  the  Standard  Oil  Co.,  it  is  observed  that  the  principal 
profits  of  that  corporation  have  been  in  the  refining  and  the  transporta- 
tion of  the  oil,  and  not  in  prospecting  and  drilling  for  the  product.  The 
distribution  agencies,  however,  have  been  inadequate,  except  so  far  as 
they  concerned  districts  fairly  contiguous  to  pipe  lines,  refineries,  and 
deep-water  terminal  points.  At  such  particular  points,  which  must 
necessarily  be  limited  in  number  as  compared  with  the  rest  of  the  country, 
the  distributing  facilities  have  been  efficient,  considering  the  expanse, 
difficulty,  and  hindrances  encountered  in  distributing  all  inflammable 
hydrocarbon  products.  There  is  no  doubt,  however,  that  every  interest 
concerned  either  in  prospecting,  boring,  refining,  or  distributing  crude 
oil  has  been  very  materially  injured  by  our  failure  to  control  the  dis- 
tribution by  sea. 

The  Importance  of  Petroleum  cls  a  Factor  in  Extending  Our  Foreign 
Market. — Fuel  oil  has  played  a  very  important  part  in  extending  our 
trade  with  China.  The  writer,  in  the  course  of  his  duties  as  a  naval 
officer,  spent  about  6  years  in  Asiatic  waters,  and  interviewed  various 
American  and  British  Consuls,  as  well  as  the  leading  merchants  of  the 
China  coast,  in  reference  to  the  far-reaching  influence  of  the  petroleum 
industry.  The  study  of  our  trade  development  with  China  must  cause 
one  to  be  impiessed  with  the  fact  that  the  three  distinguishing  agencies 
which  have  done  most  to  cause  the  Land  of  Sinim  to  abandon  many  of  its 
traditions  and  much  of  its  medievalism  have  been  the  missionaries, 
modem  surgery,  and  the  work  of  the  Standard  Oil  Co.  In  distributing 
throughout  that  country  an  illuminant  that  has  been  a  direct  boon  to  the 
people,  the  Standard  Oil  Co.  has  exerted  an  indirect  influence  that  has 
been  of  far-reaching  consequence  in  extending  our  trade  relations  with 
that  Empire. 

Light  is  a^reat  civilizer,  and  the  remarkably  convenient,  economical, 
and  safe  manner  m  which  the  Standard  Oil  product  was  distributed,  even 
to  the  wilds  of  Hunan,  was  the  forerunner  of  the  entiy  in  large  quantities 
of  other  American  products. 

In  the  distribution  of  refined  petroleum  in  cases  rather  than  in  bulk, 
our  country  attained  for  some  time  considerable  success  in  the  employ- 
ment of  sailing  vessels.  We  lost,  however,  a  great  opportunity  in  not 
effecting  legislation  that  would  have  retained  to  us  this  trade  by  r^ulating 
the  export  of  the  product,  and  that  would  have  given  to  this  nation  a 
paramount  control  of  the  distribution  of  petroleum. 
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The  writer  was  on  the  China  coast  about  the  period  when  the  Russian 
oil  interests,  supported  by  the  Rothschilds  and  other  great  banking 
interests  of  Europe,  attempted  to  wrest  the  control  of  the  petroleum 
industry  from  America.  Modem  steel  oil  tankers  were  built  for  the 
Rothschilds  for  this  purpose,  and  large  containing  tanks  were  erected 
on  shore  at  various  points  on  the  China  coast.  It  was  found,  however, 
that  the  American  product  was  so  superior  in  quality  as  an  illuminant, 
and  it  was  so  well  contained  and  boxed,  that  it  was  practically  impossible 
to  supersede  its  use  by  the  substitution  of  the  Russian  product. 

It  was  not  by  a  haphazard  guess  or  by  accident  that  the  existing 
5-gaI.  rectangular  petroleum  case  was  constructed.  The  form  of  the 
containing  case,  the  material  from  which  it  is  manufactured,  the  char- 
acter of  the  soldering  and  the  method  of  boxing  and  shipping  constituted 
a  development  that  represented  heavy  expenditure,  extended  experimen- 
tation, and  practical  knowledge  upon  the  part  of  the  Standard  Oil 
experts. 

In  distributing  this  product,  therefore,  even  unto  the  uttermost 
portions  of  the  Chinese  Empire,  the  Standard  Oil  Co.  rendered  a  service 
of  incalculable  benefit,  both  to  China  and  to  America.  If  it  had  not  been 
for  the  energy,  efficiency,  and  tact  displayed  in  developing  our  petroleum 
export  trade,  many  looms  in  New  England,  and  many  furnaces  in  the 
Appalachians  that  are  now  finding  it  a  profitable  venture  to  export  their 
output  to  the  Celestial  Empire  would  be  idle  to-day. 

It  is  believed  that  the  American  export  trade  of  the  future  to  Central 
and  South  America,  Australia,  and  particularly  to  China,  is  greatly 
dependent  upon  the  distribution  or  maritime  feature  of  the  fuel-oil. 
problem.  This  phase  of  the  oil  problem  is  therefore  a  matter  that  is 
specially  worthy  of  the  consideration  of  the  American  Institute  of  Mining 
Engineers,  for  it  is  the  mining  engineer  who  is  most  intimately  interested 
in  the  primary  feature  of  the  oil  industry — and  that  is  the  prospecting 
phase. 

There  is  something  lamentable  in  the  thought  that,  despite  the  fact 
that  this  country  has  a  commanding  lead  in  all  but  one  of  the  various 
phases  of  the  petroleum  problem,  America  should  fall  down  at  the  last 
stage,  and  that  we  should  see  our  British  cousins,  through  their  superiority 
as  regards  the  maritime  feature,  wresting  from  us  a  maritime  activity  of 
great  value — ^an  activity  that  logically  should  be  possessed  by  America. 

The  Military  Importance  of  the  Maritime  Phase. — ^It  is  not  opportune 
at  this  time  to  speak  of  the  military  features  of  the  distribution  problem, 
since  there  are  phases  of  the  matter  that  intimately  concern  national 
defense.  The  fact  is  well  known,  however,  to  British  naval  experts,  and 
mention  has  been  made  of  the  subject  in  the  English  press,  that  our  navy 
is  lamentably  lacking  in  the  oil  tankers  that  will  be  required  to  supply 
American  battleships  and  other  naval  vessels  that  have  been  designed 
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to  burn  oil  exclusively.  The  various  publications  of  the  Congress  that 
are  distributed  both  at  home  and  abroad,  tell  of  the  number  and  character 
of  American  naval  vessels  that  have  been  designed  for  an  exclusively  oil- 
fuel  installation,  and  therefore  our  weakness  as  regards  the  number  and 
character  of  the  merchant  and  naval  oil  tankers  that  we  possess  must  be 
well  known  to  foreign  military  experts.  The  various  publications  issued 
by  the  government  even  tell,  in  detail,  of  the  tonnage,  cargo  capacity, 
and  other  important  structural  features  of  these  ships. 

Ourlnadequte  Oil  Reserve  at  all  Our  Indv^trial  Centers  in  ConaidercAle 
Part  dite  to  Our  Maritime  Weakness. — The  maritime  feature  is  an  im 
portant  one,  from  whatever  standpoint  the  question  is  considered.  There 
are  hundreds  of  industries  in  this  country  which  would  substitute  petroleum 
for  coal  if  an  assured  supply  of  the  former  combustible  could  be  nxaintained. 
There  are  hundreds  of  industries  that  have  experimented  with  petroleum 
with  the  intention  of  using  it  exclusively  as  a  fuel,  that  have  been  com- 
pelled to  return  to  coal,  due  to  the  impossibility  of  obtaining  an  assured 
supply  of  oil. 

The  cost  and  risk  of  transporting  oil  by  cars  constitute  an  insuperaWe 
bar  to  the  distribution  of  the  product  in  sufficient  quantities  to  insure  an 
adequate  supply  for  large  industries.  Crude  oil  will,  however,  always  be 
used  for  purposes  wherein  a  substitute  cannot  be  found,  independent  of 
the  question  of  cost.  It  is,  in  fact,  our  dearth  of  water-transportation 
facilities  that  prevents  the  distribution  of  the  product,  and  therefore 
limits  the  use  of  petroleum.  There  is  no  doubt  that  there  are  many 
important  industries  which,  with  the  use  of  oil,  would  produce  special 
articles  that  would  find  a  ready  and  profitable  sale  in  foreign  countries, 
if  they  could  be  guaranteed  that  they  would  be  able  to  get  all  the  oil  they 
required.  It  is  well  known  that  petroleum  is  an  incomparable  fuel  for 
many  industrial  purposes,  but  no  manufacturer  dares  to  use  the  product 
except  to  a  limited  degree,  unless  his  plant  is  so  located  that  he  can  be 
assured  of  an  adequate  supply  at  other  than  a  prohibitive  cost. 

Should  not  an  Export  Dviy  be  Placed  upon  Petroleum  Produds  when 
Carried  in  Foreign  Bottoms? — When  it  is  considered  that  the  United 
States  furnishes  about  two-thirds  of  the  world's  yield  of  crude  oil,  and  that 
it  is  somewhat  probable  that,  at  least  in  this  country,  the  maximum  of 
annual  production  has  nearly  been  reached,  unless  there  are  vast  undis- 
covered pools  of  oil  at  lower  depths  than  we  are  now  able  to  drill,  it  ought 
to  be  possible  for  this  nation  to  so  regulate  the  export  of  the  product  as  to 
conserve  the  industry  in  a  manner  that  will  best  help  ourselves,  if  not 
mankind.  There  are  undoubtedly  in  the  United  States  a  sufficient  number 
of  steamship  companies,  railroads,  and  individual  firms  that  would  use 
all  the  oil  produced  in  this  country,  if  such  plants  could  be  assured  of  an 
adequate  and  reliable  supply,  and  therefore  the  foreign  export  of  oil  may 
not  be  necessary  in  the  disposal  of  the  apparently  large  quantities  produced. 
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In  many  industries  the  cost  of  the  product  is  not  a  serious  matter  as 
compared  with  the  particularly  beneficial  and  industrial  results  that  could 
be  expected  to  accrue.  It  is  all-important,  however,  in  every  enterprise, 
that,  once  an  industry  adopts  a  special  form  of  fuel,  such  plants  should  be 
assured  that  an  adequate  supply  of  that  fuel  could  be  promptly  obtained 

Many  of  the  distillates  of  crude  oil  should  even  be  regarded  as  muni- 
tions of  war,  and  legislation  should  be  enacted  that  would  make  it  possible 
for  us  to  prevent  the  export  of  oil  at  such  times  as  we  deemed  advisable. 
Except  for  a  brief  period,  it  is  extremely  probable  that,  if  we  placed  an  ex- 
port duty  on  petroleum,  no  permanent  financial  injury  would  accure  to 
any  one  interested  in  the  drilling,  refining,  transportation,  and  distribution 
of  the  product.  The  writer  has  been  told  repeatedly,  during  the  past  10 
years,  by  various  manufacturers  and  individuals,  that  it  was  solely  the 
lack  of  assurance  than  an  adequate  supply  of  crude  oil  would  be  available 
that  prevented  them  from  using  the  product. 

Probably  no  better  way  of  helping  to  give  the  American  merchant 
marine  a  reasonable  share  of  the  foreign  oil-carrying  trade  could  be  devised 
than  by  placing  an  export  duty  on  every  barrel  of  oil  exported  from  the 
United  States  in  ships  carrying  a  foreign  flag.  We  are  one  nation  that  is 
unreservedly  adopting  the  policy  of  fitting  our  battleships  with  an  ex- 
clusively oil-fuel  installation,  and  this  installation  is  of  such  a  character 
that,  except  at  enormous  expense,  the  structural  change  to  coal-burning 
arrangements  cannot  be  brought  about.  One  of  the  most  effective  ways, 
therefore,  of  providing  a  supply  at  various  points  for  naval  purposes  is 
to  conserve  the  petroleum  industry,  by  taxing  the  export  of  the  product 
and  by  exercising  the  prerogative  that  logically  belongs  to  us  in  control- 
ling, to  a  limited  degree,  the  sale  of  the  commodity. 

International  comity  and  the  law  of  nations  sanction  the  policy  of  a 
nation  placing  an  export  duty  on  a  commodity  that  it  substantially  con- 
trols. We  are  therefore  justified  in  taking  some  radical  means  to  control 
the  maritime  phase  of  the  matter. 

In  the  consideration  of  the  problem  of  imposing  an  export  duty  upon 
petroleum,  there  are  several  phases  of  the  question  that  merit  thoughtful 
consideration  and  investigation.  If  serious  thought  is  ever  to  be  enter- 
tained of  the  proposition  of  imposing  an  export  duty  upon  crude  oil,  the 
question  may  well  be  asked:  "How  will  it  affect  our  trade  relations  with 
China?  Is  the  American  illuminant  of  such  superior  quality  that  the 
Chinese  would  pay  the  additional  cost  that  would  be  the  result  of  such 
action?  Have  the  foreign  competitors  of  the  Standard  Oil  Co.  effected 
such  improvements  as  regards  refining  the  product  that  they  can  now 
furnish  as  good  an  illuminant  as  that  which  can  be  obtained  from  the 
paraffine-base  product  of  the  Appalachian  region?  Arc  our  foreign 
competitors  already  making  serious  inroads  into  the  sale  of  the  American 
product  in  various  countries?     Would  the  loss  of  the  petroleum  trade  of 
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the  foreign  countries,  and  particularly  the  petroleum  trade  of  China,  be 
followed  by  a  marked  reduction  of  other  American  imports  into  those 
countries?"  The  question  of  an  export  duty  is  therefore  one  which  admits 
of  a  wide  divergence  of  opinion. 

C(mservati(m  of  Our  Oil  Resources. — The  conservation  of  our  oil 
industry  can  only  be  brought  about  by  some  national  organization  like 
the  American  Institute  of  Mining  Engineers  taking  advanced  ground  upon 
the  subject,  and  urging  that  early  and  thoughtful  action  be  taken  in  the 
matter.  Various  individual  officials  of  the  government,  as  well  as  indi- 
vidual experts,  have  urged  such  a  course,  but  such  individuals  do  not,  in 
many  respects,  possess  the  machinery  for  being  the  proper  central  agency 
in  bringing,  about  such  important  action.  The  influence  of  the  American 
Institute  of  Mining  Engineers  extends  throughout  the  country,  and,  if 
it  should  recommend  some  thoughtful  line  of  policy  in  the  matter,  there 
is  no  doubt  that  various  commercial  exchanges  and  maritime  associations 
of  the  country  would  supplement  the  work  of  this  Institute. 

There  is  no  doubt  that  the  high  purpose  and  urgent  necessity  of  con- 
serving the  petroleum  industry  can  be  brought  about  in  various  ways, 
but  the  more  study  one  gives  to  the  matter  the  more  impressed  he  becomes 
with  the  fact  that,  in  the  control  of  the  maritime  phase  and  in  placing  an 
export  duty  on  oil  shipped  in  foreign  bottoms,  it  ought  to  be  possible  to  do 
much,  not  only  in  conserving  the  industry,  but  in  helping  to  bring  about 
the  restoration  of  the  American  Merchant  Marine. 

Efficiency  of  Our  Oil  Tank-Car  Facilities  as  an  Agency  in  the  Distribu- 
tion of  Petroleum  Products. — ^By  reason  of  the  wide  extent  of  our  coimtry, 
the  diversified  character  of  its  industries,  and  the  limited  number  of 
existing  oil  pipe  lines,  the  greater  portion  of  the  distribution  of  the  crude- 
oil  product  will  have  to  be  done  by  cars.  The  existing  design  and  arrange- 
ment of  these  cars  represent  extended  and  thoughtful  development. 
The  facilities  for  the  safe  and  economical  storage  and  handling  of  petro- 
leum products  are  undoubtedly  in  many  respects  of  the  most  efficient 
nature,  and  there  is  no  doubt  that  all  persons  connected  with  the  crude- 
oil  industry  are  exceedingly  receptive  of  counsel  and  advice  that  will 
improve  the  oil  tank-car  arrangements. 

When  there  are  considered  the  insurance  and  r^ulations,  the  danger 
attendant  upon  the  transportation  of  oil  by  cars,  together  with  the 
limited  facilities  for  the  storage  of  such  combustibles  in  our  various 
industrial  cities,  it  becomes  a  question  of  paramount  importance  that 
wherever  possible  the  car  facilities  should  be  supplemented  in  some 
manner,  and  that  a  greater  distribution  of  the  oil  product  can  be  brought 
about  by  barge  or  through  some  other  maritime  agency.  However 
great  may  have  been  the  shortcomings  of  those  controlling  the  petroleum 
industry,  there  is  no  doubt  that,  so  far  as  tank-car  equipment  and  storage 
facilities  are  concerned,  an  exceedingly  earnest  effort  has  been  made  by 
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the  oil  corporations  to  bring  an  adequate  amount  to  the  various  industrial 
cities,  and  to  store  it  in  as  convenient  a  location  as  possible.  The  oil- 
distributing  companies,  however,  have  been  confronted  with  the  problem 
that,  at  every  important  industrial  center,  there  exists  not  only  a  dearth 
of  oil  tank  cars,  but  a  lack  of  freight-handling  facilities.  It  has  not 
therefore  been  possible,  by  reason  of  existing  railroad  terminal  facilities, 
to  give  preference  to  the  distribution  and  handling  of  crude  oil  when  the 
railroad  companies  are  confronted  with  the  more  serious  and  more 
important  problem  of  handling  the  daily  food  supply  of  these  great 
municipahties;  and  this,  in  general,  is  one  of  the  reasons  why  manu- 
facturers cannot  get  the  oil  th^  need. 

Our  Lack  of  Merchant  Marine  a  Serioue  Bar  to  the  DevelapmerU  of  the 
Crude-Oil  Industry. — One  can  well  understand  that  it  has  been  primarily 
due  to  the  lack  of  suitable  oil  barges  and  tankers  that  makes  the  sea- 
going distribution,  or  maritime,  phase  of  the  problem  a  matter  that  con- 
cerns our  industrial  life.  Under  existing  conditions  the  transportation 
of  oil  in  American  vessels  to  foreign  ports  is  substantially  a  venture 
impossible  of  profit.  On  the  Pacific  coast  it  may  now  be  possible;  but, 
with  the  development  of  the  Mexican  fields  and  the  opening  of  the 
Panama  Canal,  we  may  lose  even  that  trade.  The  cost  of  operation  of 
American-manned  ships  has  been  so  great,  as  compared  with  the  operation 
of  foreign  ships,  that  it  is  certain  we  cannot  hold  any  foreign  trade,  and 
therefore  it  has  fallen  into  the  hands  of  our  foreign  rivals.  The  indirect 
financial  loss  to  this  nation  in  the  loss  of  the  petroleum  export  trade  has 
undoubtedly  been  of  vast  extent.  American  crude  petroleum  is  one  of 
the  products  that  is  favorably  received,  if  not  eagerly  sought,  in  foreign 
countries,  and  therefore  the  control  of  this  special  trade  is  of  far-reaching 
importance  to  our  manufacturing  interests  at  large.  Following  the 
importation  of  petroleum  products  into  foreign  countries,  there  has 
almost  invariably  been  a  progressive  increase  of  imports  of  other  American 
articles  to  such  countries.  It  therefore  appears  that,  if  there  is  one 
industry  that  needed  the  support  of  the  government,  or  even  that  should 
have  been  heavily  subsidized,  it  is  that  relating  to  the  carrying  of  crude 
oil  in  American-registered  ships. 

NaUon'a  Reserve  Stock  of  Crude  Petroleum. — It  is  significant  to  note 
that  the  petroleum  stocks  on  hand  in  the  United  States  at  the  close  of  1913 
approached  about  130,000,000  barrels,  a  quantity  that  would  not  meet 
the  nation's  existing  consumption  for  a  period  exceeding  eight  months. 
On  Jan.  1,  1913,  the  reserve  stock  was  actually  less  than  that  on  hand 
Jan.  1,  1912.  During  the  past  year,  however,  there  has  been  a  slight 
increase  in  the  reserve  stock,  although  drilling  for  the  product  wasf  stimu- 
lated in  every  State  in  the  Union  as  a  result  of  the  increased  price 
obtained  for  substantially  every  distillate  and  by-product  of  crude  oil. 
It  is  of  exceeding  commercial,  if  not  military,  interest,  likewise,  to 
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remember  that  the  yield  for  1913  from  every  oil-producing  State  except 
California  and  Oklahoma  was  less  than  the  yield  of  some  previous  year, 
despite  the  fact  that  progressively  increased  prices  were  obtained  for  the 
oil  in  every  district  of  the  country,  and  that  oil  fields  which  had  been 
abandoned  in  previous  years  are  now  able,  under  existing  conditions,  to 
yield  a  profitable  return  upon  the  capital  invested. 

A  very  distinguished  authority  upon  the  California  product  has 
recently  declared  that,  despite  the  continuous  and  careful  research  that 
has  been  made  for  oil  in  that  commonwealth,  the  possible  productive  area 
of  that  State  appears  to  be  about  2,000  acres  beyond  that  established  in 
1909,  when  Secretary  Garfield,  then  the  executive  head  of  the  Department 
of  the  Interior,  ordered  a  survey  to  be  made.  He  furthermore  said  that 
in  all  probability,  nearly  every  crude-oil  basin  within  that  State  had  been 
located,  and  that  there  would  be  a  constant  drain  and  reduction  in  the 
reserve  stocks  that  could  be  maintained  there.  In  fact,  another  expert 
has  asserted  that,  due  to  water  intrusion  and  certain  wasteful  methods  of 
production  practised  in  California,  this  country  should  be  prepared  to  note 
a  startling  slump  in  the  oil  production  of  California.  The  wasteful  manner 
in  which  drilling  is  being  carried  on  in  that  State,  taken  in  connection 
with  the  fact  that  the  most  important  wells  can  henceforth  be  expected 
to  show  a  progressively  decreased  supply  of  the  product,  affords  some 
ground  for  the  belief  that  the  curve  of  production  in  that  State  may 
suddenly  drop  like  the  hump  on  the  back  of  a  camel. 

As  regards  the  thousands  of  miles  of  productive  fields  that  are  sup- 
posed to  exist  in  Mexico,  the  United  States  Geological  Survey,  in  its 
Advance  Bulletin  for  1914,  states  that,  despite  the  phenomenal  energy  of 
crude-oil  exploration  work  in  Mexico,  the  fact  remains  that  so  far  as  the 
present  supply  is  concerned  the  Mexican  yield  has  been  practically  limited 
to  a  few  large  wells,  and  not  to  a  very  large  number  of  smaller  wells. 
It  is  questionable,  also,  whether  many  new  wells  are  likely  to  be  drilled 
under  the  peculiar  conditions  that  exist  in  Mexico  at  present,  and  that 
may  possibly  exist  for  years,  as  regards  shipments.  It  is  extremely 
probable  that  the  supply  will  not  be  sufficient  to  meet  the  demands  of  the 
numerous  large-sized  tankers  that  have  been  contracted  for  to  carry  the 
product  from  Mexico  to  England.  It  must  further  be  considered  that, 
with  greater  confidence  developed  as  regards  the  Mexican  supply,  the 
price  per  barrel  may  increase  rather  than  be  reduced,  because  an  assured 
supply  from  that  country  will  not  only  stimulate  refining,  but  tend  to 
increase  the  oil  consumption  throughout  the  world.  At  present  the 
Mexican  yield  is  but  5  per  cent,  of  the  total  yield  of  the  world,  and  there 
is  substantial  evidence  that  most  of  the  promises  as  regards  Mexican  devel- 
opment are  not  likely  to  turn  into  performances.  It  is  even  going  to  be 
for  some  years  quite  a  serious  matter  to  safeguard  the  Mexican  wells  from 
destruction  at  the  hands  of  brigands  and  insurrectos. 
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The  Military f  if  not  the  Industrial,  Necessity  of  Installing  Additional 
Pipe  Lines  to  Certain  Points  on  the  Atlantic  Coast, — By  reason  of  the  fact 
that  the  vicinities  of  Cape  Hatteras  and  Cape  Cod  constitute  certain 
storm  centers,  the  insurance  companies  of  the  United  States  charge  addi- 
tional rates  on  ships  that  pass  near  these  storm  points.  These  additional 
rates  of  insurance  likewise  apply  to  the  cargoes  carried  by  the  vessels. 
While  the  rates  for  approved  sailing-ship  transportation  are  less  than  those 
demanded  for  approved  steamship  transportation,  the  fact  remains  that 
all  classes  of  vessels,  whether  steam  or  sail,  are  made  to  pay  an  extra 
insurance  charge  of  about  10  per  cent,  when  plying  within  range  of  the 
lighthouses  of  Hatteras  and  Nantucket. 

There  are  undoubtedly  urgent  military  reasons;  if  there  is  not  an 
industrial  need,  that  the  leading  transporting  oil  companies  should  extend 
their  pipe  lines  to  some  point  on  the  Atlantic  coast  south  of  Hatteras,  and 
to  another  point  either  on  Narragansett  or  Massachusetts  bay.  An  oil 
pipe  line  leading  to  New  England  ought  to  prove  a  paying  venture  at 
least  in  the  course  of  a  few  years,  by  reason  of  the  increased  quantity  that 
would  be  consumed  there,  and  the  higher  prices  that  would  be  willingly 
paid  by  the  manufacturers  if  they  could  be  assured  of  an  adequate  and 
reliable  supply. 

In  the  manufacture  of  illuminating  gas,  crude  oil  is  an  important  and 
essential  constituent,  and  it  ought  to  be  possible,  without  in  any  manner 
impairing  the  financial  interests  of  those  engaged  in  oil  transportation, 
to  make  the  New  England  project  a  desirable  investment.  The  number 
and  character  of  the  industrial  cities  between  Bayonne  and  Boston,  and 
the  possible  extent  to  which  crude  oil  could  be  used  in  the  industries  of 
those  cities,  ought  to  warrant  the  building  of  a  New  England  oil  pipe  line. 

However  numerous  and  however  large  may  be  the  containing  tanks 
that  may  be  installed,  but  which  must  be  supplied  either  by  tank  cars 
or  by  sea-going  barge  or  ship,  there  will  be  periods,  as  long  as  we  depend 
on  tank  cars  and  due  to  the  railroad  terminal  conditions  at  all  our  leading 
industrial  centers,  when  the  reserve  stock  will  be  of  such  a  limited  nature 
as  to  prevent  certain  users  from  obtaining  an  adequate  supply;  and  it  is 
for  this  reason  that  there  appears  to  be  an  industrial  necessity  for  a  New 
England  oil  pipe  line. 

The  construction  of  a  pipe  line  from  the  West  Virginia  fields  to  some 
port  south  of  Hatteras — a  port  which  possesses  the  deep-water  facilities 
of  Charleston,  is  a  national  necessity,  and  if  necessary  its  construction 
should  be  subsidized  by  the  government.  The  far-reaching  influence  of 
providing  an  ample  supply  of  oil  to  naval  vessels  alone  cannot  be  over- 
estimated, and  a  pipe  line  to  some  point  on  the  Atlantic  coast  south  of 
Hatteras  may  eventually  develop  into  a  military  necessity.  Our  sea- 
going battleships  that  are  fitted  with  exclusively  oil-fuel  installations, 
together  with  numerous  destroyers  that  burn  oil  exclusively,  require 
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terminal  pipe  line  facilities  at  some  point  south  of  Cape  HatteraS;  and  the 
construction  of  a  pipe  line  from  the  West  Virginia  fields  to  Charleston 
ought  to  be  given  early  consideration.  Fortunately  for  the  interests  of 
the  Navy,  there  are  several  oil  pipe  lines  leading  to  Gulf  ports. 

The  General  Problem  of  the  Conservation  of  Petroleum  Should  he  Con- 
aidered  by  a  National  Commission  of  Experts,  Representative  of  aU  Interests 
Concerned  in  the  Question. — Neither  the  direct  value  nor  the  indirect 
worth  of  the  ocean  oil-carrying  trade  to  a  nation  may  be  within  our 
power  to  estimate.  The  fa>reaching  importance,  however,  of  the  mari- 
time feature  of  the  petroleum  problem  is  best  evidenced  and  manifested 
by  the  fact  that,  although  the  petroleum  yield  of  the  British  possessions 
does  not  comprise  even  1  per  cent,  of  the  world's  production,,  there  was 
appointed  on  July  30, 1912,  by  the  British  Ministry,  a  Royal  Commission 
on  Oil  Fuel  for  the  Navy.  This  Commission  was  headed  by  the  ablest 
naval  officer,  in  some  respects,  that  has  been  borne  on  the  Navy  List  of 
England  since  the  days  of  Nelson. 

In  order  to  demonstrate  the  importance  which  Great  Britain  attached 
to  the  work  of  the  Commission,  the  personnel  of  that  body  included  the 
Director  of  Naval  Construction,  the  Engineer-in-Chief  of  the  Navy, 
representatives  of  the  shipbuilding  firms  and  shipping  interests,  together 
with  representatives  of  every  important  interest  concerned  in  the  exten- 
sion and  development  of  the  petroleum  industry. 

While  this  Commission  has  made  several  confidential  ad  interim  or 
preliminary  reports,  it  is  extremely  important  to  note  that  this  dis- 
tinguished array  of  experts  has  not  yet  found  it  possible  to  submit  its 
final  report  to  the  British  Ministry.  These  experts  evidently  believe 
that  the  more  study  that  is  given  the  matter,  the  more  important  appear 
the  possibilities. 

If  there  were  impelling  reasons  upon  the  part  of  the  British  Ministry 
to  appoint  such  a  Conamission,  although  England's  distinctive  industrial 
interest  in  the  matter  is  primarily  based  upon  the  distribution  featiu^  of 
the  oil  product,  it  would  appear  much  more  important  that  this  country 
should  give  equal  consideration  to  the  problem.  In  fact,  however,  it 
is  the  military  possibilities  of  the  problem  that  concern  Great  Britain; 
and  should  we  not  be  more  concerned  as  to  this  phase  of  the  problem? 

The  Liquid  Fuel  Board  of  the  Navy,  a  Board  which  carried  on  the 
most  exhaustive  series  of  tests  that  have  ever  been  conducted  in  deter- 
mining the  relative  value  of  coal  and  oil  as  a  fuel,  made  the  following 
recommendation  in  submitting  its  report  in  1903.  It  is  pertinent  to 
state  that  these  tests  continued  over  a  period  of  30  months,  and  that  the 
direct  and  indirect  expenditure  involved  in  the  work  exceeded  a  quarter 
of  a  million  dollars. 

''In  view  of  the  fact  that  48  per  cent,  of  the  world's  output  of  crude  petroleum  is 
produced  in  the  United  States  (it  is  now  63  per  cent.}»  and  that  practically  our  entire 
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yield  is  secured  from  fields  which  are  in  pipe-line  communication  with  important 
maritime  and  strategic  ports,  the  Board  considers  that  a  joint  commission,  representtog 
oommercial,  manufacturing,  and  maritime  and  naval  interests,  should  be  authorized 
by  the  Congress,  whose  provisions  it  would  be  to  formulate  such  rules  and  regulations 
as  would  provide  for  the  economical,  efficient,  enduring,  and  safe  fuel  installation/* 

Far-reaching  as  may  have  been  the  above  recommendation,  there  have 
been  such  important  developments  in  the  petroleum  problem  during  the 
past  10  years  that  it  now  appears  more  imperative  than  ever  before  that 
such  a  commission  should  be  appointed.  Its  duties  should  be  of  a  much 
more  extensive  nature  than  recommended  by  the  Liquid  Fuel  Board  of  the 
Navy.  Its  scope  of  inquiry  should  include  every  feature  of  development 
from  prospecting  for  the  product  to  the  distribution  of  the  commodity. 
Particularly  should  its  work  include  the  important  problem  of  conserving 
this  great  industry  to  the  benefit  of  our  commerce  and  the  defense  of  this 
nation. 

This  meeting  of  the  American  Institute  of  Mining  Engineers  aflFords 
an  opportune  time  for  giving  some  serious  consideration  to  the  question 
of  conserving  the  petroleum  industry,  and  to  the  appointment  of  a  na- 
tional Commission  that  would  outline  the  nature  of  the  work  that  should 
be  entrusted  to  such  a  body. 
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TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  revision] 

DISCUSSION  OP  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Pittsburg  meeting.  October.  1914.  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor.  American  Institute  of  Mining  En^neers,  29  West 
39th  Street,  New  York,  N.  V.,  for  presentation  by  the  Secretary  or  other  represcnUUve  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Doc.  1,  1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Coal-Dust  Explosion  Investigations 

BY  If.  J.  TAFFANEL,*  LIEVIN,   FRANCE 
(Pittsburg  Meeting.  October.  1914) 

I  AM  very  much  impressed  by  this  manifestation  of  international 
brotherhood;  the  mining  engineers  on  both  sides  of  the  ocean  have  similar 
subjects  to  deal  with,  meet  with  the  same  difficulties,  expose  themselves 
sometimes  to  similar  dangers;  they  are  like  companions  in  arms  in  the 
battle  fought  by  mankind  in  order  to  subjugate  the  natural  forces  and 
to  draw  profit  therefrom.  There  is  no  other  field  where  this  fraternity 
must  manifest  itself  more  actively  than  in  the  studies  pursued  with  a 
view  to  improving  the  safety  of  mines  and  to  rendering  impossible  in  the 
future  these  mining  disasters,  which  every  year  claim  hundreds  of  victims. 
These  are  very  difficult  problems,  the  solution  of  which  requires  numerous 
and  laborious  experiments  accompanied  by  very  arduous  scientific  in- 
vestigations; it  is  extremely  desirable  that  the  various  mining  countries, 
which  have  undertaken  to  solve  these  difficult  problems,  should  unite 
their  efforts  in  order  to  succeed  as  soon  as  possible  and  as  well  as  possible. 
This  idea  has  been  fully  grasped  by  your  Bureau  of  Mines,  which  has 
brought  me  to  Pittsburg;  the  daily  exchange  of  views  with  the  distin- 
guished chief  of  the  mine  investigation  division,  George  S.  Rice,  and  with 
his  excellent  collaborators,  the  comparison  of  the  results  obtained  at 
Lievin  and  Bruceton,  the  checking  of  these  results  by  means  of  new  tests, 
the  profound  study  of  the  measurements,  diagrams,  measuring  and 
laboratory  apparatus,  the  cooperative  investigation  of  new  apparatus, 
or  the  preparation  of  new  investigations,  are,  I  hope,  of  such  a  nature  as 
to  bring  about  great  progress. 

I  think  that  it  will  be  interesting  to  you  to  know  what  has  been  done 
in  France  along  this  line. 

It  was  the  Courriere  disaster  which  led  in  France,  as  well  as  in  other 
countries,  to  the  undertaking  of  experiments  on  a  large  scale  with  a  view 
to  investigating  the  danger  of  coal  dusts.  We  have  had  in  France,  prior 
to  1891,  numerous  explosions  in  the  mines;  but  beginning  from  that  time, 
great  progress  has  been  made  in  the  fight  against  firedamp  in  all  the 

•  Non-member;  Director  of  the  Government  Experiment  Station,  Lievin,  France. 
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mines  where  firedamp  was  found,  even  if  in  exceptionally  large  quantities. 
To  meet  this  end  mine  ventilation  was  considerably  improved  by  modify- 
ing, when  necessary,  the  method  of  working  and  by  substituting,  for 
instance,  the  system  of  complete  filling  of  the  mine  excavations  for  that 
of  partial  filling  or  none  at  all;  use  was  made  of  improved  safety  lamps, 
particularly  of  the  double-gauze  and  bonneted  Marsaut  type;  the  use  of 
black  powder  for  firing  shots  in  the  coal  was  forbidden;  the  escape  of 
firedamp  was  observed  with  greatest  attention  by  making  precise  gas 
analyses  every  week  and  sometimes  every  day  in  all  the  splits  of  the  air 
current.  Thanks  to  these  measurements,  which  have  already  been  made 
obligatory  by  the  regulation  of  1895,  not  a  single  large  explosion  took  place 
between  1891  and  1906,  and  the  proportion  of  miners  killed  remained 
very  low,  at  about  one  per  thousand  annually. 

But  the  development  of  the  mines,  the  deepening  of  the  workings, 
which  became  warmer  and  drier,  the  increase  of  the  ventilation  which 
dried  up  the  galleries,  and  many  other  causes,  have  increased  the  dust 
danger.  On  March  10,  1906,  at  the  Courriere  collieries,  which  were 
absolutely  free  from  firedamp,  an  explosion  occurred  which  devastated 
the  workings  of  one  pit  and  part  of  the  workings  of  two  neighboring  and 
connected  mines  and  caused  the  loss  of  1,099  lives.  This  disaster,  the 
greatest  that  ever  occurred  in  the  mines  of  the  world,  has  demonstrated  in 
an  indispuWble  manner  the  reality  of  the  coal-dust  danger. 

Thus  was  shown  in  France  the  imperative  necessity  of  studying  this 
danger  and  of  investigating  the  means  of  fighting  it.  Contrary  to  what 
happened  in  the  United  States,  it  was  not  the  government,  but  the 
Coal  Owners  Mining  Association  of  France,  that  took  the  initiative 
in  making  these  investigations  and  experiments,  establishing  the  station  of 
Lievin,  and  furnishing  all  the  necessary  funds.  However,  this  initiative 
had  the  full  approval  of  the  Government,  and  led  to  my  appointment  as 
Director,  having  formerly  been  a  government  mining  engineer.  Further, 
an  administrative  committee,  the  firedamp  committee,  appointed  by  the 
government,  keeps  in  touch  with  the  experiments  and  ratifies  the  results. 

The  first  experiments  of  the  experimental  station  of  Lievin  were  made 
in  1907  on  a  restricted  scale;  but  showed  that  the  various  kinds  of  coal 
dusts  had  quite  different  inflammabilities,  the  most  inflammable  having 
the  largest  proportion  of  volatile  matter,  and  that  by  mixing  a  sufflcient 
amount  of  stone  dust  with  the  coal  dust  the  latter  could  be  made  non- 
inflammable. 

From  year  to  year  the.  investigations  have  been  continued  on  an  ever 
larger  scale.  At  present  the  testing  gallery  is  1,000  ft.  long  and  has,  at 
a  distance  of  750  ft.  from  the  origin,  a  side  branch  of  230  ft.  The 
gallery  is  entirely  on  the  surface;  the  first  90  ft.  had  been  made  of  rein- 
forced concrete  in  order  to  have  a  rectangular  cross-section;  the  following 
portion  up  to  600  ft.  from  the  origin  is  circular  in  cross-section,  in  order  to 
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offer  the  best  form  for  increasing  pressures.  It  is  a  steel  tube  6  ft.  in 
diameter  and  f  in.  thick.  In  one  instance  an  extremely  violent  dust 
explosion  generated  in  the  last  30  ft.  a  pressure  of  about  280  lb.  per  square 
inch  and  caused' the  destruction  of  this  part  of  the  gallery.  The  extensions 
to  1,000  ft.  have  been  constructed  of  special  steel  plates  of  I,  |  and  1 
in.  thickness. 

A  branch  tube  connects  the  gallery  with  the  ventilator,  which  is  used 
for  driving  out  the  smoke  after  the  explosion,  and  a  trap-door  protects 
the  ventilator  during  the  majority  of  the  tests;  it  has  been  found, 
in  fact,  that  even  if  the  ventilation  should  have  any  slight  influence  upon 
the  initial  phase  of  the  explosion,  it  does  not  have  any  influence  on  the 
propagation. 

The  experimental  station  also  has  a  smaller  steel  gallery  for  the  in- 
vestigation of  explosives.  The  two  galleries  are  so  arranged  as  to  receive 
mixtures  of  firedamp  and  air  in  explosive  proportions  in  an  explosive 
chamber,  or  with  a  low  content  of  firedamp  in  their  entire  length. 

There  are  several  laboratories,  one  of  which  is  specially  devoted  to 
the  study  of  explosives;  in  addition  to  various  apparatus  met  with  in  the 
majority  of  laboratories  of  this  kind,  there  is  an  extremely  rapid  cinema- 
tograph established  last  year  by  the  Lievin  experimental  station,  which 
gives  a  complete  image  of  the  flame  of  the  explosion  for  every  i-^jf 
sec. 

The  dust  explosions  produced  in  the  large  gallery  are  investigated 
with  the  help  of  numerous  apparatus,  chronographs,  manometers,  gas- 
sampling  bottles,  etc.,  which  it  would  take  too  much  time  to  describe  here; 
I  shall  confine  myself  to  explaining  a  diagram  obtained  with  one  of 
these  apparatus.  One  of  the  curves,  recorded  photographically,  gives  the 
variation  of  the  pressure  as  a  function  of  time  at  bhe  point  where  the 
apparatus  was  located;  the  first  point  to  be  noted  is  the  arrival,  at  the 
manometer,  of  the  shock  wave  produced  by  the  detonation  of  the  ex- 
plosive; the  pressure  is  maintained  by  the  combustion  of  the  dusts  and 
rises  in  proportion  as  the  explosion  approaches  a  maximum.  The  pas- 
sage of  the  flame  is  photographically  recorded  on  the  same  film;  its  pas- 
sage lasts  but  a  fraction  of  a  second.  Another  curve  gives  the  velocity  of 
the  air;  immediately  after  the  passage  of  the  shock  wave  the  air  is  set  in 
motion  in  the  direction  of  the  explosion,  running  from  the  center  of 
combustion;  this  is  the  "pioneering"  wave  which  raises  the  dusts;  this 
first  velocity  amoimts  to  from  50  to  100  ft.  per  second  under  the  conditions 
of  this  test,  but  it  rises  rapidly  at  the  same  time  as  the  pressure,  and  attains 
a  maximum  at  the  moment  of  passage  of  the  flame;  this  passage,  which 
takes  place  a  little  sooner  toward  the  center  of  the  gallery  then  on  the 
wall,  where  the  recording  is  done,  has  as  its  effect  to  reduce  considerably 
the  velocity  of  the  air  and  often  during  violent  explosions  to  change  their 
direction;  the  reason  thereof  is  to  be  found  in  the  increase  of  volume  of 
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the  gases  in  consequence  of  the  combustion;  there  is,  on  the  one  hand, 
a  blast  in  front  of  the  flame,  waves  which  maintain  and  reinforce  the 
pioneering  wave,  and,  on  the  other  hand,  a  recoil  of  the  burned  gases 
toward  the  regions  where  the  explosion  was  less  violent  and  the  pressure 
was  lower;  this  reversion  of  the  direction  of  the  movement  of  the  gases 
during  the  passage  of  the  flame  is  sometimes  sufficiently  strong  to  give 
great  dynamic  effects  in  a  direction  opposite  to  the  direction  of  the  ex- 
plosion; this  explains  the  contradictions  observed  sometimes  in  the 
investigations  in  consequence  of  mine  accidents. 

An  artificial  gallery,  like  the  one  at  Lievin,  is  easy  to  clean  and  to 
prepare,  and  allows  of  performing  numerous  tests  at  any  season;  in 
certain  series  of  tests  we  have  been  able  to  make  one  test  a  day;  the  total 
number  of  tests  in  the  large  gallery  exceeds  at  present  1,400.  We  have, 
therefore,  collected  a  large  number  of  results.  We  have  investigated  the 
laws  of  development  of  the  dust  explosions,  which  enabled  me  to  establish 
in  1910  the  theory  of  explosions  based  on  the  laws  of  combustion  and  of 
the  dynamics  of  fluids.  Numerous  series  of  tests  have  been  made  with 
the  dustless  or  watered  zones,  or  with  the  pure-dust  zones,  or  with  zones 
containing  variable  proportions  of  stone  and  coal  dust;  these  zones  of  from 
300  to  600  ft.  in  length  prove  to  be  incapable  of  stopping  a  violent  explo- 
sion. But  I  succeeded  in  1909  and  1910  in  stopping  explosions,  even 
the  most  violent,  by  means  of  arresting  barriers  where  large  masses  of 
water,  or  of  stone  dust  are  accumulated  at  the  point  where  the  combustion 
is  to  be  stopped;  these  masses  are  set  in  action  by  the  pioneering  wave. 
During  the  last  1}  years,  in  consequence  of  an  explosion  that  occurred 
in  the  Clarence  mine  in  Northern  France,  which  seems  to  have  propagated 
itself  with  exceptional  slowness,  I  have  been  trying  to  improve  the  arrest- 
ing barriers  by  increasing  the  quantity  of  the  accumulated  extinguishing 
materials,  by  securing  their  setting  in  action  even  by  weak  pioneering 
waves,  and  by  making  their  discharge  last  sufficiently  long  in  the  case 
when  the  flame  arrives  several  seconds  late.  I  arrived  last  year  at  a  solu- 
tion which  showed  itself  to  be  efficacious  by  means  of  a  slow-discharging 
water  trough  or  tank.  I  have  been  experimenting  for  several  months  on 
concentrated  stone-dust  receptacles,  which  so  far  have  given  me  good 
results  and  will  undoubtedly  be  soon  ready  to  be  adopted  in  practice. 

Some  hundred  tests  made  between  1908  and  1909  and  more  than 
500  tests  made  more  recently,  had  as  their  object  to  investigate  the  rela- 
tive capacity  for  propagation  of  various  coal  dusts  mixed  with  different 
proportions  of  stone  dust  and  deposited  in  variable  quantities  in  the  gallery, 
in  the  presence  of  various  initial  explosions,  with  or  without  watering, 
with  or  without  the  presence  of  various  firedamp  contents  in  the  atmos- 
phere of  the  gallery. 

At  the  same  time  the  inflammability  of  these  dust  mixtures  was 
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measured  by  means  of  a  laboratory  apparatus  which  was  thus  calibrated 
for  the  gallery  tests. 

I  have  thus  arrived  at  an  empirical  law  which,  with  the  help  of  the 
''inflammator/'  a  laboratory  inflammability-testing  apparatus,  gives 
the  relative  degree  of  various  dust  deposits,  according  to  the  value  of  the 
multiple  factors  of  the  problem. 

But  there  is  a  factor  whose  influence  it  is. difficult  to  determine  by 
means  of  tests  made  in  a  single  gallery;  it  is  the  influence  of  the  gallery 
itself,  of  its  sectional  area,  of  the  nature  of  its  walls,  of  the  arrangement  of 
the  orifices,  blind  ends,  ramifications;  the  theory  indicates  that  this 
influence  must  be  considerable.  It  is  therefore  essential  to  make  compara- 
tive tests  in  other  galleries  and  to  check  the  results  of  the  artificial  gallery 
by  means  of  tests  made  in  a  real  mine;  only  tests  made  in  an  experimental 
mine,  like  the  Bureau's  experimental  mine  at  Bruceton,  Pa.,  can  be 
considered  as  giving  results  that  can  be  immediately  applied  to  practice. 
In  France  we  were  impressed  by  this  question  about  two  years  ago,  and 
I  was  able  to  profit  last  year  by  the  abandonment  of  a  gallery  in  the 
Commentry  mine,  where  I  made  16  tests  which  gave  results  that  agree 
fairly  well  with  the  tentative  results  obtained  at  Lievin.  They  showed 
the  efficacy  of  the  arresting  barriers  and  of  the  new  water  tanks,  and  they 
also  showed  how  bends  or  turns  in  the  passageways  favored  the  stopping 
of  explosions.  The  tests  were  stopped  by  the  destruction  of  the  gallery 
and  by  the  intrusion  of  water.  In  three  months  I  shall  have  at  my  dis- 
posal a  new  experimental  field  in  the  workings  of  the  Montvicq  piine, 
which  will  soon  be  abandoned. 

An  ideal  experimental  mine,  particularly  because  it  is  well  equipped 
with  recording  apparatus  of  all  kinds  and  is  perfectly  adapted  to  the  ex- 
perimental requirements,  is  the  Bruceton  mine,  whose  tests  the  Bureau 
of  Mines  has  kindly  permitted  me  to  keep  in  touch  with.  I  have  been 
extremely  interested  in  the  study  of  the  important  results  obtained  so  far; 
I  have  seen  with  the  most  cordial  satisfaction  the  advances  made  by  Mr. 
Rice.  By  means  of  investigations  parallel  to  those  pursued  at  Lievin  he 
has  greatly  improved  the  method  of  stopping  explosions,  introduced  new 
ideas  and  made  arrangements  which  seem  to  be  both  very  practical  and 
very  efficacious. 

It  is  not  sufficient  merely  to  theorize  about  the  coal-dust  danger  and 
the  means  of  overcoming  it;  it  is  necessary  to  introduce  in  a  practical  way 
what  is  suggested  by  the  experiments. 

The  majority  of  the  dusty  mines  of  France  have  made  great  advances 
along  this  line  in  the  course  of  the  last  years.  The  first  precautions, 
which  have  been  taken  and  which  are  the  most  important,  are  those  whose 
object  it  is  to  suppress  or  prevent  the  initial  causes  of  inflammation: 
these  are  in  the  first  place  all  the  measures  which  I  have  indicated  in  the 
first  part  of  my  remarks  relative  to  the  firedamp  danger;  also,  the  exten- 
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3ion  of  the  safety  explosives  to  the  dusty  loines,  the  suppression  in  these 
mines  of  lamps  with  naked  flames,  the  assignment  of  special  employees 
to  the  shot  firing,  the  recommendation  of  firing  the  shots  preferably  after 
or  between  shifts.  The  most  important  point  after  that  consists  in 
rendering  the  dust  deposits  as  little  inflammable  as  possible  over  the  entire 
length  of  the  haulage  roadways  and  of  the  principal  arteries  of  the  mine; 
this  neutralization  of  the  dust  is  rarely  done  through  watering,  almost 
always  through  removal  of  the  dust  followed  by  stone  or  rock  dusting. 
Practice  has  shown  that,  on  condition  that  tight  cars  are  used,  the  result 
of  such  an  operation  is  to  maintain  the  proportion  of  ash  above  60  or  even 
above  70  per  cent,  for  two,  three  months,  or  sometimes  longer;  if  the 
inflammability  tests  which  are  made  regularly  in  the  majority  of  the  dusty 
mines  show  that  the  ash  content  must  be  maintained  above  65  per  cent/ 
the  operation  must  be  renewed  almost  every  three  months;  with  less 
inflammable  coals  and  a  less  elevated  limit  of  the  ash  content,  the  opera- 
tions of  neutralization  could  be  made  at  longer  intervals. 

Finally,  as  a  third  precaution,  the  mine  sections  are  separated  by 
arresting  barriers;  about  2,000  of  these  devices  are  actually  installed  in 
the  French  mines. 

Such  is  the  organization  against  the  dust  danger,  which  is  on  the  way  of 
being  put  into  practice  in  all  the  dusty  mines  of  France,  and  which  has 
already  been  put  into  practice  where  the  nature  of  the  dusts  or  the  pres- 
ence of  firedamp  rendered  these  measures  more  necessary. 
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[SXTBJECT  TO  BEVISIGN] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preeented  in  person  at  the 
Pittsburg  meeting,  Ootober,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible 
then  disousaion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  1, 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Refining  Petroleum  by  Liquefied  Sulphur  Dioxide 

BT  DR.  L.  EDELEANUi 
(Pittsburg  Meeting,  Ootober,  1914) 

Crude  petroleum  is  a  mixture  of  various  groups  of  hydrocarbons  and 
some  bodies  containing  oxygen  or  sulphur.  These  constituents  possess 
properties  differing  considerably  one  from  another  and  the  proportion  in 
which  they  are  contained  in  the  crude  oils  is  also  very  different. 

Owing  to  this  coinplicated  composition  the  practical  use  of  crude 
petroleum  is  much  restricted. 

For  example  it  is  sometimes  used  as  a  liquid  fuel.  But  its  employ- 
ment in  this  way  is  uneconomical  because  various  valuable  qualities  of  the 
individual  constituents  are  not  made  use  of. 

The  rational  utilization  of  petroleum  can  only  be  accomplished  if  the 
various  groups  of  hydrocarbons  are  separated.  The  mixture  of  hydro- 
carbons present  in  the  crude  oil  must  be  split  up  in  such  a  way  that  the 
hydrocarbons  are  divided  into  various  groups  having  certain  predominant 
characteristics  and  uses.  To  accompUsh  such  a  separation  is  the  aim  of 
the  technical  refining  of  petroleum. 

Ordinary  Repining  by  Distillation  and  Chebucal 
Treatment 

Hitherto  this  has  been  accomplished  by  two  processes,  namely,  frac- 
tional distillation  and  chemical  treatment  of  the  distillates  obtained. 

DisHUation  Process 

The  process  of  distillation  consists  in  the  separation  of  the  constituents 
of  petroleum  into  various  fractions,  the  boiling  points  of  which  lie  within 
certain  defined  limits.  The  fractions  so  separated  possess  certain  special 
qualities  in  common,  which  enable  them  to  be  applied  for  specific  purposes 
in  practice.  For  example,  we  have  the  fractions  known  as  benzene, 
illuminating  oils,  heavy  oils,  lubricating  oils,  etc. 
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The  benzene  fraction,  which  contains  the  readily  volatile  hydrocar- 
bons, furnishes  chiefly  the  well  known  solvents,  and  is  now  mainly  used 
for  producing  the  driving  power  for  automobiles. 

The  intermediate  fractions  boiling  up  to  about  300°  C.  are  the  oik 
used  for  purposes  of  illumination.  This  product  must  comply  with 
several  requirements.  It  should  not  smoke,  should  not  possess  any 
unpleasant  odor,  and  should  give  a  bright  and  steady  flame  which  does  not 
undergo  unduly  great  alterations  while  burning.  Now  these  conditions 
are  only  complied  with  by  using  oils  of  certain  origin,  while  many  of  them 
do  not  fulfill  the  requirements  in  the  least;  it  is  therefore  one  of  the 
special  problems  in  refining  to  convert  these  inferior  varieties  into  good 
burning  oils. 

The  heavier  fractions  are  used  as  gas  oil  or  material  for  Diesel  motors 
and  the  more  viscous  fractions  are  employed  as  lubricants. 

For  the  use  of  lubricants  these  fractions  must  possess  a  viscosity 
which  should  be  retained  to  certain  limits  of  temperature  variation,  such 
as  are  commonly  met  with  in  the  practical  use.  Moreover,  there  must 
be  no  deposit  of  free  carbon  and  they  must  be  freed  from  components 
which  at  high  temperature  would  form  a  deposit  of  char  and  thus  diminish 
the  value  of  the  lubrication. 

Now  the  object  of  the  petroleum  refinery  cannot  be  achieved  by 
distillation  alone.  In  fractional  distillation  it  is  inevitable  that  some 
varieties  of  hydrocarbons  having  the  same  boiling  point  will  find  their 
way  into  certain  fractions,  notwithstanding  the  fact  that  their  chemical 
properties  are  distinctly  dissimilar.  Distillation  alone  is  thus  quite 
unsuitable.  The  problem  to  be  solved  is  how  to  obtain  only  the  valuable 
hydrocarbons,  and  to  eliminate  those  with  undesirable  or  injurious 
properties. 

Refining  with  Sulphuric  Add 

Consequently  recourse  has  been  had  to  the  chemical  treatment  of 
petroleum.  In  this  treatment  sulphuric  acid  is  mainly  used  for  the 
purpose  of  removing  the  resinous  matters  and  certain  hydrocarbons  such 
as  olefines.  These  constituents  are  separated  out  in  the  form  of  residual 
sludge — impurities  which  can  be  utilized  in  practice  only  with  extreme 
difficulty  or  possibly  not  at  all.  For  the  removing  of  the  aromatic 
hydrocarbons  considerable  quantities  of  sulphuric  acid  sometimes  in  the 
state  of  **fuming  acid"  have  to  be  used  according  to  the  proportion  of  these 
hydrocarbons  present  in  the  distillate  and  this  renders  the  process  dis- 
tinctly costly.  The  application  of  large  quantities  of  sulphuric  acid  and 
especially  in  the  state  of  fuming  has  a  further  drawback.  It  does  not 
attack  only  the  aromatic  and  unsaturated  hydrocarbons,  but  also  destroys 
a  certain  quantity  of  the  saturated  constituents.  The  process  has  thus 
the  disadvantage  of  still  further  reducing  the  proportion  of  useful  hydro- 
carbons finally  obtained. 
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In  order  to  avoid  the  drawbacks  of  the  treatment  hitherto  employed, 
it  is  necessary  to  abstain  from  the  purely  chemical  treatment  and  to 
substitute  a  physical  method  of  extraction.  The  constituents  of  the 
petroleum  must  be  treated  with  a  solvent  which  dissolves  the  hydro- 
carbons of  the  unsaturated  aromatic  group  but  leaves  the  saturated  hy- 
drocarbons undissolved.  In  this  way  the  two  classes  of  hydrocarbons 
can  be  separated  from  one  another  and  employed  in  the  way  for  which 
they  are  suited. 

The  most  important  point  in  the  solution  of  this  problem  consisted  in 
the  discovery  of  an  appropriate  solvent  and  finally  liquefied  sulphur 
dioxide  was  found  to  be  the  best  material.  This  substance  readily 
dissolves  the  unsaturated  hydrocarbons,  which  are  responsible  for  the 
unsatisfactory  burning  and  odor  characteristic  of  certain  illuminating 
oils,  and  leaves  undissolved  the  useful  illuminating  oil.  Frasch  at- 
tempted to  achieve  the  same  object  by  the  application  of  alcohol,  but 
liquefied  sulphur  dioxide  has  certain  advantages  which  alcohol  has  not. 
The  chief  advantage,  apart  from  cheapness,  consists  in  the  fact  that 
liquefied  sulphur  dioxide  can  be  readily  recovered  from  the  solution,  so 
that  in  practice  the  solvent  can  be  used  again  and  again  in  a  cycle  of 
operations,  without  any  appreciable  loss. 

New  Refining  Process  with  Liquefied  Sulphur  Dioxide 

The  new  process  makes  use  of  this  peculiar  property  of  liquid  sulphur 
dioxide.  If  the  distillate  is  agitated  with  liquid  sulphur  dioxide  at  a 
low  temperature  the  aromatic  compounds  are  dissolved,  but  the  paraffins 
and  naphthalenes  are  unaffected.  Moreover,  owing  to  the  difference  in 
the  specific  gravity,  two  distinct  layers  are  formed  so  that  it  is  quite  easy 
to  separate  them  from  one  another. 

The  process  is  comparatively  simple.  A  certain  quantity  of  the 
sulphur  dioxide  is  added  to  the  petroleum  distillate  and  is  dissolved. 
This  addition  is  continued  until  the  distillate  is  saturated,  and,  from 
that  point,  each  added  portion  of  sulphur  dioxide  dissolves  the  aromatic 
constituents  and  separates  out  with  them  as  a  distinct  layer.  Thus, 
as  the  treatment  is  continued,  the  distillate  becomes  poorer  and  poorer 
in  aromatic  hydrocarbons  until  ultimately  a  refined  distillate  is  ob- 
tained, which  contains  only  a  small  amount  of  sulphur  dioxide,  and  is 
practically  free  from  the  objectionable  aromatic  constituents. 

It  may  be  observed  that  the  nature  of  this  operation  depends  to 
some  extent  on  the  temperature.  With  a  rising  temperature  the  solu- 
bility of  the  paraffin  hydrocarbons  and  the  naphthalenes — which  at 
low  temperatures  are  practically  insoluble — increases  rapidly;  whereas 
the  aromatic  hydrocarbons  are  soluble  in  sulphur  dioxide  at  all  tempera- 
tures. It  is  therefore  important  that  the  temperature  should  be  main- 
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tained  at  a  suitably  low  level,  particularly  in  the  case  of  distillate  rich 
in  aromatic  hydrocarbons.  The  degree  to  which  the  process  is  affected 
by  the  temperature  naturally  depends  on  the  nature  of  the  material 
treated.  For  instance,  in  the  case  of  a  distillate  from  Borneo,  which 
contained  as  much  as  40  per  cent,  of  aromatic  hydrocarbons,  treatment 
with  66  per  cent,  liquid  sulphur  dioxide  at   —7°  C.  produced  no  separa- 


FiQ.  2 


Fio.  1 


Fig.  3 


tion;  but  a  considerable  proportion  of  the  aromatic  constituents  could  be 
separated  at  — 10**.  On  the  other  hand,  in  the  case  of  a  Mexican  dis- 
tillate, which  only  contained  about  17  per  cent,  of  aromatic  hydrocar- 
bons, treatment  with  an  equal  amount  of  liquid  sulphur  dioxide  pro- 
duced separation  even  at  a  temperature  higher  than  +10°  C.  In 
practice  it  is  found  that  each  distillate  requires  special  treatment, 
according  to  its  composition,  in  order  to  obtain  the  best  results. 

This  process,  which  is  now  being  used  on  a  large  scale  in  the  petroleum 
industry,  has  been  worked  out  by  the  author  also  as  a  laboratory  method. 
For  the  experiments  he  uses: 
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1.  A  strong-walled  graduated  burette  of  200  cm.  contents  drawn 
out  pear-shape  like  on  each  end  with  a  delivery  cock  protected  against 
being  forced  out.     (See  Fig.  1,-4.) 

2.  A  strong-walled  cylindrical  graduated  vessel  of  about  230  cm. 
contents  with  a  delivery  cock  also  protected  against  being  forced  out. 
(See  Fig.  1,  B.) 

3.  Two  cooling  baths  for  vessels  1  and  2  .  The  cooling  bath  is 
insulated  on  the  outside  by  means  of  cork  sheets  and  consists  of  two 
tin  cylinders  which  telescope  into  each  other  concentrically.  The  outer 
cylinder  contains  a  freezing  mixture,  and  the  inner  a  liquid  which  con- 
ducts cold,  preferably  a  distillate  of  illuminating  oil.  (See  Figs.  1  and 
2,  C  and  C.) 

4.  A  flask  with  a  graduated  neck  and  a  funnel  attached  to  it.  (See 
Fig.  3.) 

5.  A  sprinkling  flask  for  liquefied  sulphur  dioxide,  consisting  of  an 
evacuated  double-walled  Dewar  vessel.     (See  Fig.  2,  D  and  E,) 

To  carry  out  the  experiment,  one  proceeds  as  follows: 

The  graduated  burette  is  filled  with  50  cm.  of  the  distillate  to  be 
examined,  and  the  cylindrical  vessel  with  double  the  quantity  of  the 
distillate  of  liquefied  sulphur  dioxide.  Both  liquids  are  cooled  in  the 
cooling  bath  to  —12°  C.  The  filling  of  the  cylindrical  vessel  with 
sulphur  dioxide  is  demonstrated  on  Fig.  2.  Then  the  cylindrical  vessel 
is  connected,  by  means  of  a  tight-closing  cork  stopper,  with  the  burette, 
and  the  connection  is  reinforced  either  by  copper  wire  or  by  a  suitable 
clamp.  Then  sulphur  dioxide  is  allowed  to  flow  from  the  cylindrical 
vessel  into  the  burette  until  in  the  lower  part  of  the  burette,  after  shaking, 
a  permanently  remaining  layer  is  observed.  Then  one-third  the  quantity 
of  the  balance  of  sulphur. dioxide  is  allowed  to  run  into  the  burette. 
It  is  again  cooled  to  —12**  C,  shaken,  and  then  the  lower  layer  is 
drawn  ofif  into  a  Dewar  vessel.  In  the  same  manner,  the  remaining 
portion  of  the  sulphur  dioxide  is  introduced,  and  the  sulphur  dioxide 
solution  is  subsequently  allowed  to  run  into  the  same  vessel.  Finally, 
the  non-dissolved  saturated  hydrocarbons  remain  in  the  burette. 

In  treating  high-boiling  distillates,  such  as  gas  oil  or  lubricating  oil, 
it  is  sufficient  to  allow  the  sulphur  dioxide  to  escape  from  the  two  separated 
products  and  to  establish  the  ratio  of  the  two  groups  of  hydrocarbons, 
either  by  direct  weighing  or  by  specific  gravity. 

In  treating  relatively  low-boiling  distillates,  such  as  benzene  and 
illuminating  oil,  losses  may  be  suffered  if  the  sulphur  dioxide  is  allowed 
to  evaporate  voluntarily.  In  order  to  avoid  these  losses  it  is  preferable 
not  to  evaporate  the  sulphurous  acid,  but  to  absorb  it  in  a  closed  vessel  by 
means  of  an  alkaline  solution.    In  this  case,  one  proceeds  as  follows: 

After  the  sulphur  dioxide  solution  has  been  drawn  off,  the  burette  is 
connected,  by  means  of  a  cork  stopper,  with  a  glass  vessel,  and  gradually 
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under  stirring  the  oil  layer  treated  with  sulphurous  acid  is  allowed  to  run 
into  an  alkaline  solution.  After  all  the  sulphurous  acid  has  been  neutralized 
and  the  contents  of  the  vessel  has  been  cooled,  the  stopper  is  opened  and 
water  is  allowed  to  run  in  until  the  whole  quantity  of  the  oil  has  cooled 
in  the  graduated  part  of  the  neck.  Then  the  volume  of  the  oil  layer  is 
determined;  also  the  .specific  gravity,  and  from  the  obtained  data  the 
quantity  of  the  saturated  hydrocarbon  is  established.  The  difference 
between  this  weight  and  the  weight  of  the  original  distillate  gives  the 
diflference  of  aromatic  and  cyclic  unsaturated  hydrocarbons. 

Table  I  gives  the  results  of  a  very  large  number  of  experiments  with 
illuminating  oil  of  various  origin.  Further  experiments  to  extend  this 
method  also  for  the  examination  of  crude  oil  are  in  the  course  of  being 
worked  out. 

Table  I. — Experiments  with  Illuminating-Oil  Distillates 

Origin  of  Petroleum  A  BCD 

Europe: 

Roumania: 

Bustenari 0.8195  0.8030  75.0  25.0 

C&mpina 0.8125  0.7968  82.9  17.1 

Moreni 0.8186  0.8050  77.0  23.0 

Tintea 0.8195  0.8090  82.5  17.6 

Filiperfti 0.8104  0.7984  84.7  15.3 

Policiori 0.8073  0.7955  84.3  15.7 

Galicia: 

Urycz 0.8230  0.8105  80.6  19.4 

Rogi 0.8120  0.8010  81.3  18.7 

Tustanovice 0.8105  0.8000  80.8  19.2 

Boryslaw 0.8166  0.8028  83.1  16.9 

Germany: 

Wietze 0.8200  0.8098  87.4  12.6 

Pechelbronn 0.8058  0.7992  92.3  7.7 

ScoOand 0.800  0.7815  78.3  21.7 

0.7915  0.7807  80.4  19.6 

Ilaly 0.8030  0.7902  64.7  35.3 

Asia  : 

Rtissia: 

Bibi-Eybat  (Baku) 0.8160  0.8085  92.7  7.3 

Bibi-Eybat  (Baku) 0.8145  0.8092  91 .7  8.3 

Balachany  (Baku) 0.8192  0.8150  93.1  6.9 

Grossny 0.8170  0.8072  85.6  4.4 

Grossny 0.8155  0.8062  83.4  16.6 

Maikopp • 0.8165  0.800  71.5  28.5 
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Table  1. — Continued 
Brilishrlndia: 

Burmah 0.814  0.799  80.7  19.3 

Burmah 0.817  0.800  80.1  19.9 

Burmah 0.840  0.8265  83.2  16.8 

Persia 0.7988  0.7862  83.2  16.8 

HoU.  India: 

Borneo 0.8480        0.8035        58.6        43.4 

Borneo 0.8505        0.8090        55.5        44.5 

Sumatra 0.7994        0.7865        83.8        16.2 

America: 

United  States: 

Pennsylvania 0.7960  0.7920  93.5  6.5 

Ohio 0.7990  0.7926  95.1  4.9 

Ohio 0.7985  0.7892  90.9  9.1 

Texas 0.8240  0.816  87.5  12.5 

California 0.8098  0.7982  85.0  15.0 

California .-..  0.8100  0.803  90.6  9.5 

California 0.8124  0.8015  81.8  18.2 

California 0.8190  0.8112  80.8  19.2 

California 0.8195  0.8084  81.4  18.6 

California 0.8194  0.8112  85.6  14.4 

Mexico 0.8020  0.7926  84.0  16.0 

Mexico 0.8030  0.7930  83.9  16.1 

Mexico 0.8082  0.7972  82.9  13.1 

Peru: 

Lobitoe 0.8174  0.807  81.8  18.2 

Lobitos 0.8175  0.8122  89.5  10.5 

Argentina 0.800  0.793  90.7  9.3 

Argentina 0.810  0.804  90.4  9.6 

Africa  : 

Egypt 0.8104        0.7976        82.5  17.5 

A  =  Specific  gravity  before  treatment  with  Sd;  B  «  specific  gravity  after 
treatment  with  Sd;  C  =  paraffin-  and  naphthene-hydrocarbons  in  per  cent,  by 
weight;  D  =  aromatic  and  cyclic  unsaturated  hydrocarbons  in  per  cent,  by  weight 

The  removal  of  the  aromatic  hydrocarbons  from  an  illuminating-oil 
distillate  causes  not  only  a  lowering  of  the  specific  gravity,  but  also  the 
raising  of  the  burning  capacity  and  illuminating  power.  The  richer  a 
distillate  is  in  aromatic  and  heavy  hydrocarbons,  the  more  distinctly 
stands  out  the  improvement  brought  about  by  treatment  with  sulphurous 
acid.  The  effect  of  the  new  process  is  clearly  discerned  when  treating  a 
Bustenari  distillate.  Whereas  the  chemical  process  hitherto  employed 
produces  a  very  inferior  illuminating  oil  which  smokes  badly,  and  when 
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3  3  4  5  6  7  8 

TIME  OF  BURNING  IN  HOURS 

Fig.  4. — Comparison  of  Oils  from  Ordinary  and  Edeleanu  Pbocessbs. 
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burned  in  a  14-unit  Cosmos  burner  develops  only  7  cp.,  the  treatment  with 
liquid  sulphur  dioxide  produces  an  oil  equal  in  quality  to  the  best  American 
and  Russian  oils. 

Table  II  illustrates  the  action  of  the  old  and  new  methods  respectively 
on  distillates  of  various  origin.  See  also  the  graphical  comparison  in 
Fig.  4. 

Table  II. — Comparison  of  the  Qiudiiies  of  lUuminating  OUb  OUained  by 
the  Ordinary  and  by  the  Edeleanu  Process 
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10.7 
13.8 

10.4 
13.0 

0.0 
13.6 

0.6  1  0.4 
13.6  ,13.6 

0.2 
18.2 

8.0 
12.6 

8.0 
12.1 

QuatttlM  of  niumiiuiting  OU  Brands  Sold 

on  the  Market 

PennijrlTanla 

W.  W 

0.7016  14.3 

14.1 

12.0 

1          i 

13. K   Il2.0     12.8     11.6 

10.1      0.0 

PennaylTmniA 

St.  W 

0.700612. ft    19.9  Ill.O   'l1.fi  ill. 9   ill.O   ko.2   .  0.7  •   0.2 

1                 .        ;    -    ■-       -        1    • 

Bakott  Meteo 

r , 

0.8087 

11.1  lio.a 

10.8    10.6 

10.6  ilO.6  !l0.2 

10.0 

0.0 

Utilization  of  By-Products 

The  extract  obtained  in  addition  to  illuminating  oil  contains,  as 
mentioned,  aromatic  hydrocarbons  and  hydrocarbons  rich  in  carbon. 
On  .account  of  their  low  burning  capacity,  they  cannot  be  employed  as 
burning  oils;  nevertheless,  by  dividing  the  extract  into  two  products  by 
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redistillation,  they  become  useful;  the  lighter  part  as  turpentine  sub- 
stitutes or  mixed  with  light  benzene  as  a  motor  spirit  of  high  efficiency, 
and  the  heavier  as  motor  oil  for  Diesel  motors.  The  extract  is,  therefore, 
as  regards  the  possibility  of  turning  it  to  account,  at  least  equally  as 
valuable  as  the  distillate. 

Further  experiments  have  shown  that  the  extract  can  be  resolved  by 
special  means  into  the  lower  homologues  of  the  aromatic  hydrocarbons. 
By  pyrogenic  distillation  the  hydrocarbons  contained  in  the  extract  are 
split  up;  and,  besides  a  gaseous  part,  a  large  percentage  of  tar  is  pro- 
duced. The  latter  is  distinguished  from  tar  derived  from  coal  by  its 
higher  content  of  the  lower  members  of  the  aromatic  series  of  hydro- 
carbons. 

Table  III  shows  the  products  of  gasification  (pyrogenic  distillation) 
of  the  extract  as  compared  with  other  bituminous  substances. 

Table  III. — Comparison  of  Tar  Extract  and  Coal  Tar 


No. 


Composition  of  Tar  Extract 


I  Average  Composition  of 
!     Coal  Taracoordingto 
I  Prof.  Kramer 


Limits  of 
Temperature  j 


.t3  o 


**  Celsius 

S^    . 

1 

80°— 113** 

0.8700 

2 

113''— 140'' 

0.8700 

3 

140°— 25Q° 

0.9870 

4 

250°— 400° 



5 

above  400° 

Products  of 
Distillation 


1-1 


Benzene  Toluene 
Little  toluene 
with  much  xylene 
a.  Naphtaline..  I 
h.  Hydrocarb.  I 
arom.  liquids. . . 
a.  Anthracdae  I 

crude ! 

6.  Anthracene   j 

oil ; 

R^idue 

Loss 


13.3 


9. 
8. 

23. 

1. 

20. 

21. 

3. 


Products  of      j     g 
Distillation  ^ 

I 

Benzene etHomol   2.50 

Phenols ;  2.00 

Rteidue 0.25 

Naphtaline .6.00 

Heavy  oil 20.00 

Anthracene,  Phd-I 
nantr^ne '  2.00 

Asphalt 138.00 

Coke 24.00 

Water '  4.00 


While  coal  tar  hardly  contains  2.6  per  cent,  of  aromatic  hydrocarbons, 
the  tar  produced  by  pyrogenic  distillation  of  petroleum  contains  between 
15  to  23  per  cent. 

Among  the  fractions  of  this  tar  which  distill  above  200**  a  large 
quantity  of  naphthalene  is  found,  which  varies  between  5  and  12  per 
cent.,  and  of  anthracene  varying  between  0.5  and  2.7  per  cent. 

The  benzene  which  one  obtains  after  the  first  redistillation  of. this 
tar  is  much  purer  than  that  which  one  obtains  under  the  same  conditions 
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by  redistilling  coal  tar.  This  result  appears  from  Table  IV  which  shows 
comparatively  the  composition  of  benzene  obtained  by  the  first  redis- 
tillation of  tar  from  the  extract  (treatment  with  dioxide  of  sulphur), 
and  of  that  of  the  type  of  benzene  used  in  commerce. 

Table  IV. — Composition  of  Commercial  Brands  of  Benzene 


Commercial  Benzene 

Benzene  from  Extract 
80°— 113°  C. 

1 
Limits  of  Temperature,     30  Per 

50  Per 

90  Per 

Limits  of  Tempera- 

Per 

°  Celsius 

Cent. 

Cent. 
0 

Cent. 

ture  °  Celsius 

Cent. 

80^ 

0 

25 

85° 

0.0 

90° 

2 

4 

70 

90° 

13.4 

96° 

12 

26 

83 

95° 

48.0 

100° 

30 

50 

90 

100° 

74.0 

105° 

42 

62 

94 

105° 

88.0 

110° 

70 

71 

97 

110° 

96.0 

115°                         82 

82 

98 

115° 

98.0 

120°                         90 

90 

99 

120° 

99.0 

As  it  appears  from  this  table,  the  fraction  of  80  to  103**  which  one  ob- 
tains by  the  pyrogenic  distillation  of  the  petroleum  extract  corresponds 
to  an  intermediate  quality  which  ranges  between  the  50  per  cent,  type 
and  the  90  per  cent,  type,  as  sold  in  the  market,  and  such  as  is  obtained 
from  coal  tar  by  means  of  several  redistillations.  It  must  also  be  remem- 
bered that  the  benzene  obtained  by  the  pyrogenic  treatment  of  the 
extract  and  of  other  products  of  petroleum  is  totally  free  from  thiophen 
and  only  contains  a  few  impurities.  By  means  of  a  little  soda  it  is 
obtained  perfectly  pure. 

Effect  of  Process  on  Distillates  Containing  Sulphur 


It  is  further  to  be  noted  that  the  liquid  sulphur  dioxide  also  possesses 
the  property  of  dissolving  out  from  crude  distillates  certain  sulphur- 
containing  constituents.  For  instance,  by  treating  a  Mexican  distillate 
of  0.803  specific  gravity  and  with  a  sulphur  content  of  0.6  per  cent,  an 
oil  is  obtained  which  shows  a  percentage  of  sulphur  of  only  0.08  per  cent, 
and  another  oil  of  0.79  specific  gravity,  with  a  sulphur  content  of  0.46, 
could  be  reduced  to  a  percentage  of  sulphur  of  0.04. 

The  process  was  first  tested  in  a  small  experimental  plant  in  the 
Vega  refinery  at  Ploesti. 

The  results  obtained  with  this  small  experimental  plant  were  en- 
tirely' satisfactory  and  shortly  afterward  the  construction  of  the  neces- 
sary plant  for  carrying  out  the  process  on  a  large  scale  was  undertaken 
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by  the  firm  of  A.  Borsig,  of  Tegel  (Berlin).  A  refining  plant  was  next 
installed  in  Rouen,  and  was  followed  soon  after  by  the  construction  of  a 
plant  of  similar  size  in  Ploesti.  The  capacity  of  the  plant  at  Ploesti, 
originally  intended  to  treat  up  to  25  tons  of  distillate  per  day,  was  soon 
increased  to  70  tons  a  day  and  the  nature  of  the  products  is  giving  every 
satisfaction. 

These  trials  were  considered  to  demonstrate  completely  the  practica- 
bility of  the  process  on  a  large  scale.  One  of  the  largest  and  most  in- 
fluential petroleum  concerns  has  since  ordered  a  plant  with  a  daily 
capacity  of  250  tons,  and  already  an  increase  to  500  tons  is  being  con- 
templated. There  are  now  other  large  plants  in  course  of  construction 
for  Galicia,  Roumania,  Borneo,  India,  etc. 

The  following  is  a  description  of  the  treatment  of  a  Roumanian 
distillate  from  Bustenari. 

The  dried  distillate  to  be  treated  passes  through  filters  charged 
with  salt,  is  collected  in  a  receiver,  and  finally  reaches  the  distillation 
cooler  after  going  through  a  cold-exchanging  apparatus.  The  tempera- 
ture of  the  distillate  is  first  lowered  in  the  cold-exchanging  apparatus, 
and  it  is  then  further  cooled  in  the  distillation  cooler  itself  until  it  reaches 
the  desired  low  temperature.  Similarly,  the  liquid  sulphm:  dioxide 
coming  from  the  vessel  passes  through  a  second  cold-exchanging  ap- 
paratus, where  its  temperature  is  reduced  somewhat,  and  from  thence 
to  the  sulphur  dioxide  cooler  itself,  where  it  receives  the  necessary  final 
cooling. 

The  arrangement  is  shown  in  Fig.  5. 

The  distillate  to  about  —10**  C.  is  now  let  into  the  lower  mixer, 
a  cylindrical  vessel  which  is  provided  with  level  gauges,  and  in  its  lower 
part  with  gauge  glasses,  so  that  the  reaction  in  the  liquid  may  be  accurately 
observed. 

The  introduction  of  the  liquid  sulphur  dioxide  into  the  mixer  begins 
immediately.  The  sulphur  dioxide  is  at  first  entirely  absorbed  by  the 
distillate,  without  any  appreciable  change  of  the  liquid.  As  soon  as  the 
distillate  is  saturated  with  the  liquid  sulphur  dioxide,  dark  cloud  masses 
begin  to  rise,  and  the  color  changes  suddenly  to  a  deep  brown.  This 
change  of  color  is  brought  about  by  the  separating  out  of  the  liquid  sulphur 
dioxide  loaded  with  the  aromatic  hydrocarbons,  and  depositing  at  the 
bottom  of  the  mixer.  There  are  now  two  sharply  divided  layers  which  can 
be  distinctly  observed  through  the  level  gauges.  As  soon  as  there  is  a 
certain  quantity  of  extract  formed,  the  drawing-off  commences;  at  the 
same  time  further  quantities  of  liquid  sulphur  dioxide  are  supplied  to  the 
mixer. 

The  extract  is  drawn  by  the  extract  pump  through  the  cold-exchang- 
ing apparatus  into  thp  extract  evaporator.  In  the  cold-exchanging 
apparatus  it  meets  the  comparatively  warm  distillate  fiowing  to  the  dis- 
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tillation  cooler  (as  described  above)  by  which  its  temperature  is  consider- 
ably raised.  In  this  way  the  distillate  receives  a  preliminary  cooling  and 
the  extract  a  preliminary  warming.  The  latter  is  then  further  warmed 
in  the  extract  evaporator,  which  is  provided  with  heating  coils.  This 
causes  the  rapid  evaporation  of  the  dissolved  sulphur  dioxide  which  flows 
directly  into  a  condenser,  where  it  accumulates  in  the  form  of  a  liquid;  it 
is  then  stored  in  the  reservoir,  from  whence  it  commences  its  cycle  afresh. 

As  soon  as  the  greater  part  of  the  sulphur  dioxide  contained  in  the 
extract  has  been  driven  off,  the  evaporation  is  gradually  brought  to  a 
stop.  The  finAl  remaining  portion  of  the  sulphur  dioxide  is  held  very 
tenaciously  by  the  extract,  and  cannot  be  driven  off  merely  by  the  appli- 
cation of  heat.  In  order  to  prepare  the  extract  evaporator  for  a  fresh 
charge,  the  extract  with  its  still  remaining  small  contents  of  sulphur 
dioxide  is  run  into  an  auxiliary  evaporator.  Here,  the  balance  of  the 
sulphur  dioxide  is  drawn  ofif  by  a  sulphur  dioxide  gas  pump  under  con- 
tinuous application  of  heat,  and  sent  to  the  condenser.  This  is  continued 
until  about  0.3  per  cent,  still  remains  in  the  extract,  when  the  latter  is 
removed  from  the  auxiliary  evaporator. 

The  refined  product  is  pumped  through  the  second  cold-exchanging 
apparatus  into  the  second  evaporator.  It  meets  in  the  cold-exchanging 
apparatus  the  liquid  sulphur  dioxide  flowing  from  the  tank  to  the  cooler, 
and  is  raised  to  practically  the  same  temperature.  In  this  way  the  liquid 
sulphur  dioxide  receives  a  preliminary  cooling  (just  as  in  the  case  of  the 
distillate).  The  refined  product  is  then  collected  in  the  evaporator  and 
undergoes  a  similar  process  of  evaporation  as  the  extract.  By  means  of 
heat  and  continued  suction  the  sulphur  dioxide  is  almost  completely  re- 
moved, only  about  0.1  or  0.2  per  cent,  remaining;  at  which  stage  the  re- 
fined-product evaporator  is  emptied. 

The  treated  distillate,  after  being  washed  and  neutralized  with  an 
alkaline -solution,  may  be  used  as  finished  illuminating  oil.  In  some  cases 
subsequent  treatment  with  very  small  quantities  of  sulphur  dioxide  is 
advantageous  in  order  to  obtain  a  "water-white"  color. 

The  exhaust  steam  from  the  steam  engine  which  drives  the  plant,  is 
utilized  for  the  heating  of  the  evaporators. 

While  the  evaporating  process  is  still  going  on  in  the  extract  evaporator 
a  new  operation  takes  place,  a  freshly  cooled  distillate  being  admitted  to 
the  mixer  and  saturated  with  liquid  sulphur  dioxide,  until  again  fresh 
quantities  of  extract  settle  out.  By  this  time  the  evaporation  in  the 
extract  evaporator  is  also  finished  and  the  apparatus  emptied,  so  that  the 
new  operation  is  able  to  proceed  without  interruption. 

The  cooling  of  the  distillate  and  sulphur  dioxide  collected  in  the  two 
cooling  vessels  is  effected  in  the  usual  manner  with  the  help  of  cooling 
coils,  which  form  a  part  of  a  separately  working  cooling  machine.  The 
cold-producing  medium  enters  the  cooling  tubes  as  a  liquid,  evaporates  on 
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account  of  the  continuous  low  pressure  produced  by  the  suction  of  the 
compressor  of  the  cooling  machine,  and  abstracts  from  its  surroundings, 


Loss  of  SOs 

QJt% 


Loesof  SOs 
OJd% 


Refined  product  Extract 

(77:1  from  the  distUlate)       (fSdH  f com  the  cUstOlate) 

Fia.  6. — Plan  of  the  Edeleanu  Process. 


i.e.,  the  distillate  and  liquid  sulphur  dioxide,  the  heat  required  for  its 
evaporation.    The  vapor  of  this  cooling  medium  is  afterward  sucked  up 
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by  the  compressor  and  led  to  the  condenser  of  the  cooling  machine,  where 
it  is  again  collected  in  liquid  form. 

The  method  of  working  is  shown  graphically  in  Fig.  6.  In  this 
diagram  it  is  shown  how  fresh  distillate  is  continuously  entering  the 
system,  and  how  it  finally  leaves  the  system  split  up  into  refined  product 
and  extract;  and  how  the  sulphur  dioxide,  which  effects  the  splitting  up,  is 
recovered  with  the  exception  of  a  very  small  quantity,  and  is  then  used 
again  for  the  process,  making  a  complete  cycle.  It  may  also  be  seen  that 
of  the  distillate  put  into  the  Etystem  nothing  is  lost;  the  products  treated, 
viz.,  the  volume  of  extract  and  the  refined  product,  together  are  equal 
in  volume  to  that  of  the  original  distillates. 

As  the  sulphur  dioxide  performs  a  complete  cycle,  it  cannot  when 
once  entering  the  system  in  a  pure  and  anhydrous  condition,  give  rise 
to  any  undesirable  complications.  It  is  well  known  that  liquid  sulphur 
dioxide  is  quit^  inactive  toward  metals,  so  that  there  is  no  fear  of  the 
apparatus  becoming  injured  or  destroyed  in  the  course  of  time. 

However,  great  care  must  be  taken  that  no  moisture  is  introduced 
into  the  system  with  the  distillate.  The  latter  should,  therefore,  as 
mentioned  above,  pass  through  several  drying  filters  before  it  enters  the 
apparatus,  so  that  all  the  moisture  may  be  removed.  Inasmuch  as  the 
system  is  perfectly  airtight  throughout,  there  is  of  course  no  possibility 
of  moisture  from  the  atmosphere  penetrating  into  it. 

The  fact  that  the  whole  of  the  apparatus,  pipes,  valves,  etc.,  are 
completely  airtight  is  responsible  for  the  fact  that  scarcely  the  faintest 
smell  of  sulphur  dioxide  is  perceived  in  the  plant.  This  is  of  the  greatest 
importance  for  the  welfare  of  the  workmen  who  are  in  attendance  at  the 
plant. 

The  arrangement  of  the  plant  is  such  that  from  the  operator's  plat- 
form the  coolers  which  are  placed  high  and  the  evaporators  which  are 
below,  as  well  as  the  mixer  in  the  center,  may  be  watched  and  attended 
to.  As  can  be  seen  in  Fig.  7,  all  the  important  pipes  with  their  con- 
trol valves  are  placed  on  a  regulating  table,  so  that  the  operator  in 
charge  of  the  refining  process  can  take  care  of  all  the  necessary  regu- 
lating and  connecting  manipulations  without  leaving  his  place  of 
observation. 

Working  Results 

The  working  results  of  a  plant  with  an  average  daily  capacity  of 
treating  about  65  tons  of  distillate  per  24  hr.,  as  were  reached  in  the 
plant  at  Ploesti,  are  given  in  the  following  table : 

Specific  gravity  of  the  crude  distillate  to  be  treated 0. 820 

Average  time  of  operation,  minutes 68 

Quantity  of  distillate  treated  at  each  operation,  kilograms .      3,115 
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Working  Results — Contin%Led 

Temperature  in  the  mixer,  degrees  centigrade — 10 

Specific  gravity  of  treated  product 0.8028 

Specific  gravity  of  extract 0.8691 

Sulphurous  acid  left  in  the  treated  product,  per  cent 0. 16 

Sulphurous  acid  left  in  the  extract,  per  cent 0 .  36 

Consumption  of  fresh  steam  per  operation,  kilograms 1,200 

Consumption  of  fresh  steam  per  1,000  kg.  distillate,  kilo- 
grams   385 

Consumption  of  exhaust  steam  per  operation,  kilograms. .  648 
Consumption  of  exhaust  steam  per  1,000  kg.  distillate,  cubic 

meters 208 

Cooling,  water  used  per  operation,  cubic  meters 17 . 1 

Cooling  water  used  per  1,000  kg.  distillate,  cubic  meters.. .  6.5 

Loss  of  sulphurous  acid  per  operation,  kilograms 17.5 

Loss  of  sulphurous  acid  per  1,000  kg.  (distillate),  kilograms.  5 . 6 

From  the  above  figures,  the  cost  of  treating  a  Roumanian  Bustenari 
distillate  can  be  calculated  as  follows: 

Co8t  of  Treatment  in  a  Plant  of  65  Tons  Daily  Capacity 

CostofPlanU  Francs 

Machines  and  apparatus 130,000 

Buildings,  construction,  freight,  duty  and  other  expenses.    100,000 


Total 230,000 


Amortization  and  Interest: 

Amortisation =  10  per  cent,  of  130,000  13,000 

Amortization =  5  per  cent,  of  100,000  5,000 

Interest  on  the  invested  capital  =  5  per  cent,  of  230,000  1 1,500 


Total 29,500 


In  325  working  days,  at  65  tons  per  day,  there  will  be  21,125  tons 
treated,  so  that  the  amortisation  and  interest  amount  to 
Frs.  1,396  per  ton,  or  per  100  kg , Pre.  0. 140 

Mairdenance,  Labor,  etc.:  Francs 

Repairs,  working  materials 6,000 

Wages  and  salaries 8,000 

Insurance,  1\  per  cent ^ 3,450 

Lighting  and  heating 2,400 

Drying  salt,  unforeseen  expenses 3,000 


Total 22,850 


The  cost  of  maintenance  and  labor,  therefore,  amount  to  Frs.  1.082 

per  ton,  or  per  100  kg Frs.  0.108 
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Working  Results. — Continued 

Co9t  of  MateriaU: 

There  are  required  for  each  1000  kg.  of  distillate:  Francs 

385  kg.  fresh  steam  at  Frs.  3.50  per  ton 1 .36 

208  kg.  exhaust  steam  at  Frs.  1.50  per  ton 0.31 

5.5  cbm.  cooling  water  at  Frs.  0.04  per  cbm 0.22 

5.6  kg.  sulphurous  acid  at  Frs.  18.00  per  100  kg 1 .  01 


Cost  of  materials  per  1,000  kg 2.89 

Cost  of  materials  per  100  kg Frs.  0.289 


The  total  costs  of  treatment,  therefore,  amount  to Frs.  0.537 

or  practically  Frs.  0.54  per  100  kg.  of  distillate  or  3.9  shillings  per  ton.  It  must  also 
be  taken  into  account  that  Frs.  18  per  100  kg.  of  sulphurous  acid  is  a  very  high  figure 
and  refers  to  imported  sulphurous  acid.  The  cost  of  this  material  is  very  much  lower 
-when  sulphurous  acid  is  used  which  is  produced  in  the  country  itself,  or  actually  in 
the  refinery. 

Cost  of  Treatment  in  a  Plant  of  500  Tons  Daily  Capacity 

Cost  of  Plant'  Francs 

Machines  and  apparatus 1,100,000 

Buildings,  construction,  etc 500,000 


Total 1,600,000 


AmoriVMtion  and  Interest:  Francs 

Amortization =  10  per  cent,  of  Frs.  1,100,000     110,000 

Amortiaation =    5  per  cent,  of  Frs.     500,000       25,000 

Interest  on  the  invested 

capital =    5  per  cent,  of  Frs.  1,600,000       80,000 


Total 215,000 


In  325  working  days,  at  500  tons  per  day  there  will  be  produced 
162,500  tons,  so  that  the  amortization  and  interest  amount  to 
Fn.  1.323  per  ton,  or  per  100  kg Frt.  0.132 

Maintenance,  Labor,  etc.:  Francs 

Repairs,  working  materials 40,000 

Wages  and  salaries 30,000 

Insurance,  ij  per  cent 24,000 

Lighting  and  heating 10,000 

Drying  salt,  unforeseen  expenses 20,000 


Total 124,000 


Brought  forward / 0.132 

The  cost  of  maintenance  and  labor,  therefore,  amount  to  Frs.  0.763 

per  ton,  or  per  100  kg 0.076 
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Working  Results — Continued 

Cost  of  Materials:  Francs 

There  are  required  for  each  1000  kg.  of  distillate: 

385  kg.  fresh  steam  at  Frs.  3.60  per  ton 1 .35 

208  kg.  exhaust  steam  at  Fra.  1.50  per  ton 0.31 

5.5  cbm.  cooling  water  at  Prs.  0.04  per  cbm 0.22 

5.6  kg.  sulphurous  add  at  Frs.  10.00  per  100  kg 0.66 

Cost  of  materials  per  1,000  kg 2.44 

Cost  of  materials  per  100  kg 0.244 

The  total  cost  of  treatment Frs.  0.462 

or  roughly,  Frs.  0.45  per  100  kg.  of  distillate  or  3.26  shillings  per  ton.  In  this 
case,  the  cost  of  sulphurous  acid  is  taken  at  Frs.  10  per  100  kg.  sulphurous  acid 
produced  on  the  spot  being  reckoned.  The  cost  of  production  is  amply  estimated 
throughout. 

The  above  tables  are  based  on  figures  actually  obtained  from  the 
existing  plants.  It  is,  however,  to  be  anticipated,  that  with  further 
perfection  of  the  working  of  the  process,  the  costs  will  be  reduced  even 
more. 

In  conclusion  it  may  be  well  to  summarize  some  of  the  chief  advantages 
of  this  new  process. 

(1)  The  process  makes  it  possible  to  obtain  illuminating  oil  of  good 
quality  from  the  greatest  variety  of  low-grade  oils. 

(2)  The  sulphur  dioxide  employed  is  cheap  and  practically  all  of  it 
is  recovered. 

(3)  Sulphur  dioxide  required  for  the  process  can  even  be  obtained 
from  the  acid  sludge  available  in  the  refinery  in  the  manufacture  of 
lubricating  oils. 
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TRANaAOTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  revision] 

_  discussion  op  this  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Pittsburg  meeting.  October.  1914.  when  an  abstraot  of  the  paper  wUl  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrstogement  is  made,  the  discussion  of  this  paper  will  dose  Dec.  1, 1914.  Any  discussion 
ofisrsd  thereafter  should  be  in  the  form  ol  a  new  paper. 


Rolled  Steel  Roll  Shells 

BT  JAMES  C.   H.   FBBGUSON,   SAN  FRANCISCO,   CAL. 
(Pittsburg  Meeting.  October,  1914) 

The  fact  that  little  if  anything  has  appeared  in  the  technical  press  or 
in  the  Transactions  of  the  Institute  on  the  subject  of  roll  shells  proper, 
used  in  various  grinding  appliances  such  as  Cornish  rolls  or  Chilean  mills, 
may  be  taken  as  an  incentive,  if  not  an  excuse,  for  the  present  article. 
No  attempt  is  made  to  enter  into  a  discussion  as  to  the  theory  or  mathe- 
matics of  crushing  as  performed  by  rolls,  the  subject  being  treated  in  a 
general  way  with  respect  to  the  manufacture  of  roll  shells  and  some 
salient  points  touching  on  their  adaptability  and  wear  in  service. 

While  it  stands  to  reason  that  skill  coupled  with  judgment  in  the 
mechanical  design  of  rolls,  Chilean  mills  or  other  types  of  grinding 
machinery,  with  special  reference  to  strength  of  parts,  nicety  of  adjust- 
ment and  other  mechanical  features,  stand  for  efficiency  in  their  operation 
and  satisfaction  in  service,  the  exceedingly  important  item  of  roll  shells 
or  other  wearing  parts  entering  into  their  construction  should  not  be 
lost  sight  of.  In  other  words,  a  well-designed  piece  of  grinding  machinery 
is  just  as  inefficient  in  service,  when  equipped  with  poor  roll  shells  or 
shells  made  of  the  wrong  or  an  inferior  grade  of  metal,  as  good  roll  shells 
made  according  to  the  best  practice  the  steel  maker  knows,  working  on 
an  old  or  antiquated  set  of  rolls. 

Unfortunately  there  .is  a  tendency  occasionally  for  the  machinery 
builder  to  blame  the  steel  maker  or  vice  versa  if  roU  shells  do  not  wear 
well  or  evenly,  or  if  they  break  before  being  worn  down  to  their  ultimate 
thin  point.  There  is  no  occasion  for  this  attitude,  as  the  product  of  each 
must  stand  on  its  own  merits.  But  it  is  essential  that  the  two  work 
in  harmony  since  the  machinery  builder  usually  does  not  furnish  the  shells 
for  his  rolls  or  grinding  mills,  but  depends  on  the  steel  maker,  who  makes 
a  specialty  of  this  rolled  product,  to  give  the  particular  needed  element 
of  efficiency  to  his  machine. 

History 

Without  going  into  an  elaborate  history  of  the  subject,  the  follow- 
ing may  be  mentioned  treating  on  the  evolution  of  roll  shells.    During 
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the  early  days  of  mining-machinery  construction,  cast  iron  was  used 
for  practically  all  such  grinding  devices  as  those  under  consideration, 
usually  some  good  mixture  of  gray  iron  being  the  most  suitable  for  wear- 
ing qualities.  Sometimes,  though  not  often,  shells  or  muller  rings, 
chilled  to  a  depth  of  from  ^  to  1  in.  through  the  face,  were  used. 

But  it  soon  became  apparent  that  cast  iron,  no  matter  how  well 
selected  as  to  grade  or  mixture,  or  how  carefully  molded  or  chilled  as  to 
physical  appearance,  was  not  a  suitable  material  to  use  for  grinding  rings 
or  dies,  since,  for  the  proper  performance  of  their  work,  absolute  homo- 
geneity and  freedom  from  blow-holes  or  other  imperfections  are  highly 
important.  Steel,  that  is  cast  steel,  therefore,  was  next  and  most 
logically  considered  as  being  more  suitable  to  fulfill  the  desiderata  just 
mentioned.  Although  it  was  more  expensive  than  cast  iron,  it  was  harder 
and  tougher,  and  of  infinitely  better  wearing  quality.  But  even  cast 
steel  failed  to  give  satisfaction  particularly  on  the  high-speed  rolls  of 
narrow  face  and  large  diameters  designed  by  the  leading  manufacturers 
during  the  past  two  decades.  It  was  for  that  reason  that  the  steel  maker 
soon  recognized  the  importance  of  meeting  the  situation  and  has  during 
the  period  mentioned  evolved  the  rolled-steel  roll  shell.  This  was  a 
natural  evolution,  and  during  the  past  10  years  practically  no  other 
material  has  been  used  except  for  some  small  or  slow-running  mills  where 
the  expense  of  steel  shells  was  not  warranted. 

Therefore,  it  is  with  steel  roll  shells  only  that  the  steel  maker  is 
concerned  when  he  furnishes  either  the  machinery  builder  or  the  mill 
operator  these  wearing  parts,  and  for  a  better  understanding  of  the 
subject  a  few  words  regarding  their  chemical  and  physical  requirements 
may  not  be  amiss,  before  entering  upon  a  consideration  of  their 
manufacture. 

Chemical  and  Physical  Requirements 

While  as  mentioned  above  the  application  of  steel  shells  as  wearing 
parts  in  the  various  types  of  grinding  mills  was  comparatively  new,  the 
purely  mechanical  features  of  their  manufacture  was  easily  accomplished 
by  the  use  of  tire-rolling  mills  which  for  many  years  previous  had  been 
used  for  making  locomotive  driving-wheel  and  car-wheel  tires.  The 
mechanical  manipulation  being  practically  identical,  it  only  required  that 
the  steel  maker  select  the  proper  grade  and  composition  of  steel  for  the 
roll  shell,  not  too  hard,  for  danger  of  breaking,  nor  too  soft,  for  fear  of 
wearing  out  too  fast.  Of  course  it  required  much  experimenting  and 
many  years'  experience  to  attain  the  desired  results. 

With  reference  to  the  average  chemical  and  physical  properties 
entering  into  the  manufacture  of  roll  shells,  the  following  may  be  given 
as  forming  the  best  practice  by  American  steel  makers: 
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Chemical  Properties  Per  cent. 

Carbon 0.65  to  0.80 

Phosphorus,  not  to  exceed 0.06 

Sulphur^  not  to  exceed 0 .  04 

Manganese 0.60  to  0.85 

Silicon 0.15  to  0.30 

The  above  are  the  average  ranges  used.  Shells  which  have  given 
good  satisfaction  in  actual  operation  had  the  following  analyses  in  the 
heats  from  which  they  were  produced: 

Per  cent.  Per  cent.  Per  cent. 

Carbon 0.70  0.73  0.78 

Phosphorus 0.035  0.029  0.015 

Sulphur 0.022  0.018  0.028 

Manganese 0.741  0.786  0.745 

Silicon 0.253  0.252  0.258 

These  results  show  that  the  shells  run  very.uniform  in  composition. 

Physical  Properties 

Tensile  strength,  pounds 125,000 

Elastic  limit,  pounds 72,000 

Extension,  per  cent 10 

Contraction  of  area,  per  cent 15 

The  above  physical  properties  are  given  as  being  of  general  interest 
but  they  should  not  be  taken  as  having  any  particular  bearing  on  the 
successful  working  of  roll  shells,  as  they  do  not  in  any  way  exhibit  the 
qualities  of  the  metal  in  its  resistance  to  abrasive  wear.  After  all, 
what  is  desired;  as  previously  stated,  is  a  shell  of  a  metal  hard  enough 
so  as  not  to  wear  out  too  quickly  and  yet  not  so  hard  as  to  break  before 
wearing  out. 

Manufacture 

Briefly,  the  process  of  manufacture  of  roll  shells  is  this:  A  long 
cylindrical  steel  ingot  is  cast  by  pouring  molten  metal  into  a  cast-iron 
mold  as  illustrated  in  Fig.  1.  These  ingots  are  about  7  ft.  high  and  the 
circumferential  measurement  of  the  ingot  varies  according  to  the  size  of 
the  roll  shell  desired.  When  the  metal  is  cold  the  molds  are  stripped 
from  the  ingots,  which  are  then  sliced  cold  in  a  lathe  into  a  number  of 
sections  called  billets  (Figs.  2  and  3),  each  piece  resembling  a  large  cheese. 
Sometimes  the  ingots  are  sliced  or  cut  into  billets  while  hot,  but  of  course 
cold  slicing  is  a  vastly  superior  method  as  it  gives  an  opportunity  to  make 
a  thorough  examination  of  the  center  of  the  billet. 

The  top  portion  of  these  ingots,  in  which  the  segregation  of  impurities 
predominates,  is  discarded,  and  only  those  portions  used  which  are  free 
from  impurities.  It  is  a  well-known  fact  that  there  is  a  tendency  in  all 
castings  while  cooling  for  slaggy  materials  and  impurities  to  segregate 
and  form  toward  the  center,  where  the  shrinkage  produces  a  pipe  or  axial 
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opening.  The  aim,  therefore,  in  the  manufacture  of  good  roll  shells  must 
be  to  retain  only  those  portions  of  the  ingot  which  are  on  or  near  the 
outer  circumference,  which  having  cooled  the  most  rapidly  necessarily 
have  the  most  uniform  fiber  texture  and  are  the  freest  from  impurities. 

In  order  to  illustrate  the  practice  of  slicing  these  ingots  with  regard  to 
discarding  the  top  section,  reference  is  made  to  Fig.  4,  which  illustrates  a 
segregation  of  impurities  and  defects  due  to  the  shrinkage  of  the  metal  and 
shows  that  when  cooling,  these  impurities  concentrate  at  the  center  and 
near  the  top  of  the  ingot.    It  conclusively  shows  the  necessity  of  making 
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Fig.  1. — Molds  fob  Casting  Steel  Ingots  for  Roll-Shell  Manufacture. 

a  proper  discard  from  any  steel  castings,  in  order  to  insure  against 
troubles  due  to  impurities. 

These  billets  after  being  sliced,  although  not  of  the  proper  dimensions, 
actually  represent  the  weight  of  the  finished  product  desired,  plus  the 
proper  allowance  for  loss  in  heating,  forging  and  rolling,  and  for  machining 
.  afterward  if  the  shell  calls  for  machine  work.  The  billet  is  heated  and 
forged  out  roughly. and  flattened  under  a  steam  hammer  to  the  ap- 
proximate diameter  and  face  desired.  A  hole  is  punched  through  the 
center  in  the  same  operation  and  then,  at  the  same  heat,  "beaked"  on 
the  horn  of  the  anvil;  this  means  hammering  the  rough  ring  thrown  over 
the  horn,  producing  an  increase  of  the  outside  and  inside  diameters,  and 
giving  the  ring  the  proper  ratio,  roughly,  of  diameter  to  face  required. 
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These  rough  rings,  after  being  thus  forged,  are  again  placed  in  a  heating 
furnace  and  the  temperature  raised  to  the  proper  degree  for  rolling. 

A  modification  of  this  hammering  process  of  the  billets,  is  used  by  one 
of  the  manufacturers  who  has  the  most  recent  and  up-to-date  plant,  and 
who,  after  heating  the  billet  to  the  required  temperature,  works  it  down 


Figs.  2  and  3. — Steel  Ingots  Cut  into  Billets. 


under  a  5,000-ton  hydraulic  press,  which  gives  the  jpetal  a  good  reduction. 
During  this  pressing,  which  is  done  in  three  operations,  the  billet  is 
flattened,  a  hole  is  punched  in  the  center,  and  the  rough  ring  prepared 
for  the  rolls,  similarly,  but  unquestionably  more  thoroughly,  than  by 
hammering  the  billet. 

The  rolling  out  of  the  shells  to  the  desired  size  is  done  on  a  tire  mill, 
where  they  are  revolved  through  pressure  rollers,  either  in  a  horizontal  or 
vertical  plane.     During  this  operation  all  faces  of  the  shell  are  subjected 
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to  a  very  high  hydraulic  roll  pressure,  which  insures  a  thorough  reduction 
of  the  metal,  giving  it  the  necessary  work  to  develop  an  ideal  structure  for 
the  severe  service  to  which. roll  shells  are  usually  subjected  in  actual  use. 
In  this  rolling  the  inside  and  outside  faces  and  the  two  sides  of  the  shell 
are  engaged  at  the  same  time,  thereby  increasing  the  diameter  of  the  shell 
by  squeezing  out  and  lengthening  its  circumference  until  the  desired 
size  is  obtained,  both  as  regards  diameter  and  face. 

As  stated  before,  this  rolling  is  done  on  the  same  mills  used  for  rolling 
locomotive  driving-wheel  tires  or  car-wheel  tires.     This  method  has  now 

Long  Ingoc-Bottotn  Cut ;  upper  poftion 
discarded ;  other  portions  used 


Fig.  4. — Diagram  Showing  Relation  of  Finished  Roll  Shell  with  Reference 
TO  Center  Line  op  Ingot. 


reached  a  very  high  degree  of  efficiency  and  in  a  number  of  cases  shells  are 
put  into  service  just  m  they  come  from  these  rolls,  the  outside  diameter, 
together  with  such  tolerances  as  may  be  permissible,  being  so  close  as  to 
require  no  further  machining  on  the  face.  This  leaves  a  hard  skin  due  to 
the  quicker  chilling  of  the  metal  on  the  periphery,  which  is  very  useful  in 
grinding  and  enhances  the  life  of  the  shell  considerably.  The  inside  of 
the  shell  is  left  rough  if  it  is  to  be  secured  to  the  center  of  the  rolls  by 
wooden  wedges  for  wet  grinding.  If  the  bore  of  the  ring  is  to  be 
machined  either  straight  or  tapering,  proper  allowance  is  left  for  that 
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Fig.  5. — Straight  Bore. 


Fig.  7. — Double-Taper  Bore. 


Fig.  8. — Recessed  for  Draw  Bolts.  Fig.  9. — Special  Bore. 

FiG8.  6  Tb  9.-— Prevailing  Types  op  Bores  of  Roll  Sheik^qqI^ 


2340  ROLLED  STEEL  ROLL  SHELLS 

purpose  on  the  inside,  but  the  outside  or  wearing  face  of  ring,  being  fin- 
ished practically  smooth  by  the  rolling  operations,  should  preferably  be 
left  in  that  condition,  by  reason  of  the  advantage  mentioned  above. 

Figs.  5  to  9  illustrate  some  of  the  prevailing  types  of  bores  of  shells 
as  used  in  rolls  manufactured  by  the  principal  mining-machinery  builders 
in  the  United  States  and  are  usually  designated  as  follows:  Fig.  5, 
Straight  bore;  Fig.  6,  Single-taper  bore;  Fig.  7,  Double-taper  bore; 
Fig.  8,  Recessed  for  draw  bolts;  Fig.  9,  Special  bore. 

With  regard  to  the  rolling  of  shells,  there  would  seem  to  be  a  limit 
of  efficiency  governed  by  the  width  and  thickness  of  shells.  Manifestly 
a  mass  of  metal  thicker  than  5  in.  cannot  be  sufficiently  worked  by  the 
pressure  of  rolls,  unless  the  rolls  can  be  made  very  m\ich  more  powerful 
than  those  in  use  at  present,  particularly  when  the  combination  of  rolling 
and  pressing  naturally  has  its  relative  limits.  Then  again,  the  width, 
regardless  of  thickness,  would  have  its  limit  at  about  15  or  16  in.,  because 
a  very  wide  mass,  even  thinner  than  5  in.,  would  experience  the  same 
difficulty  in  being  thoroughly  worked.  It  may  therefore  be  assiuned 
that  shells  over  5  in.  thickness  and  wider  than  16  in.  cannot  be  rolled 
advantageously  in  a  tire  mill  and  produce  homogeneous  and  dense 
metal,  which  will  give  good  service  and  wear. 

The  following  gives  the  limits  of  sizes  for  rolling  as  used  in  the 
practice  of  one  of  the  largest  tire  manufacturers  in  the  United  States: 
Roll  shells  8  to  10  in.  wide,  108  in.  outside  diameter  by  3  in.  thick; 
over  10  to  16  in.,  or  under,  68  in.  outside  diameter  by  3  in.  thick. 

Shells  over  16  in.  wide  and  thicker  than  5  in.  and  weighing  say  5,000 
lb.,  or  over,  are  produced  to  the  best  advantage  under  a  hydraulic  forging 
press  of  adequate  power,  as  a  strictly  forged,  instead  of  a  rolled  product. 
Sufficient  stress  cannot  be  laid  upon  the  necessity  of  thoroughly  working' 
the  metal  in  these  forgings  all  the  way  to  the  center  by  the  use  of 
machinery  of  this  kind,  which  is  sufficiently  heavy  and  powerful  to 
perform  the  necessary  forging  operation  and  is  better  able  to  do  so 
than  rolls.  The  writer  is  convinced  that  most  of  the  cases  of  uneven 
wear  in  roll  shells  of  extreme  widths,  where  not  due  to  improper  setting  or 
improper  mill  feeding,  or  both,  is  largely  owing  to  the  fact  that  the  metal  is 
not  of  uniform  density,  resulting  from  being  worked  in  a  tire  mill,  which 
was  too  light  for  the  heavy  and  thick  section  passing  through  the  rolls. 

Life  of  Shells 

The  limits  of  this  article  do  not  permit  as  exhaustive  a  treatment 
of  this  sub-heading  as  the  writer  would  like  to  submit,  based  on  data 
gathered  during  the  past  13  years  in  furnishing  the  mining  public  in  the 
West  with  steel  roll  shells  and  material  of  kindred  nature,  but  for  the  sake 
of  generality  as  well  as  brevity  the  following  examples  taken  from  users 
of  roll  shells  in  the  widely  separated  states    of  Montanp^  Colorado, 
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Sonera,  Arizona  and  Utah  will  illustrate  what  may  be  considered  good 
average  records  of  the  life  of  steel  roll  shells  and  Chilean  mill  wearing 
parts. 

MiU  No.  1  (Montana). — ^The  mills  used  were  6-ft.  Evans- Waddell 
and  6-ft.  Monadnock  type,  being  fed  by  revolving  distributors  in  the 
center.  The  ore  crushed  was  very  hard  with  about  65  per  cent,  silica. 
The  size  of  feed  was  3  mm.  and  discharge,  16  mm.  The  rate  of  crushing 
was  80  tons  per  24  hr.  or  2,400  tons  per  month.  The  life  of  the  tires  was 
4  months  per  set  of  three,  running  continuously;  the  life  of  dies,  2  months, 
running  continuously.  The  amount  of  rock  crushed  per  pound  of  steel 
consumed  was  1.06  tons. 

MiU  No.  2  (Colorado).— At  this  plant,  6-ft.  Evans-Waddell  mills,  fed 
by  revolving  distributors  at  the  center,  were  used.  Roasted  ore,  assay- 
ing 60  per  cent,  silica  was  fed,  sized  as  follows:  On  5/32,  4  per  cent.;  on 
10  mesh,  15;  on  16  mesh,  16;  on  20  mesh,  7;  on  30  mesh,  11;  and  through 
30  mesh,  47  per  cent.  The  discharge  gave  the  following  screen  analysis: 
On  30  mesh,  1  per  cent.;  on  40  mesh,  13;  on  60  mesh,  20;  on  80  mesh,  12; 
on  100  mesh,  17;  on  150  mesh,  7;  and  through  150  mesh  30  per  cent. 
Crushing  was  at  the  rate  of  173  tons  per  24  hr.  The  average  life  of  tires 
and  dies  determined  by  life  of  dies  was:  Steel  maker  No.  1,  183.3  days; 
steel  maker  No.  2,  164.2  days.  The  average  tonnage  crushed  per  set: 
Steel  maker  No.  1,  31,711  tons;  steel  maker  No.  2,  28,407  tons.  The 
average  weight  of  shell,  1,488,  set  (3),  4,464  lb.;  of  die,  3,029  lb.;  total, 
7,493  lb.  The  number  of  tons  crushed  per  pound  of  steel  consumed  was: 
No.  1, 4.25  and  No.  2,  3.8,  which  gives  the  number  of  pounds  of  steel  con- 
sumed per  ton  of  ore  crushed  as  follows:  No.  1,  0.236  and  No.  2,  0.264 
lb.    The  average  weight  of  scrap  per  set  was  1,640  lb. 


MiU  No. 

3  (Sonara) 

_     .   :  No.  of    DUm.ter.  '  Face.  !  ^•^* 

Life    Ton.  Ore  g^-;J- 
Dayal  Crushed  I^^P^^' 

1                   1 

Sue 
Feed 

Sise 

Die- 

charge 

A 

10               36 

16 

16 
14 

7\ 

7 

13.616 

270 

308.000       0.044 

11  in. 

1  in.       RoU  shells 

B 

4 
8 
3 
2 

6 

36 
27 
54 

6.444 
7.266 

7,892 
6.502 

135 
80 

182 
426 

81.000 
118.400 

36.100 
21.625 

0.067 
0.061 

0.224 
0.304 

lin. 
A  in. 

fin. 
2  mm. 

RoU  sheUs 
RoU  sheUs 
Tires  and 

70 
60  and  44 

Jin. 

l^mm. 

die    6    ft. 
raiU. 
Tires      and 
die    6    ft. 
miU. 

C 

4      :        36 

2  60 

3  44 

16          6.444 

l}\     6.602 

1 

196 
240 

25.798 
69.960 

0.210 
0.093 

lin. 
Jin. 

tin. 

Roll    SheUs 
Die    rings. 
Bryan   miU 
tires. 
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Mill  No.  4:  (Arizona) 

Data  on  shells  from  two  sets  of  54  by  24  in.  rolls  (dry  crushing).    One  shell,  54 
by  24  in,  (in  two  pieces,  54  by  12  in) 


Outside  diameter,  inches 

Inside  diameter,  inches 

Original  thickness,  inches 

Ultimate  thickness,  inches 

Wear,  inches 

Original  weight  (two  pieces),  pounds. 
Scrap  weight  (two  pieces),  pounds 


Loss,  pounds. 


54 
431 

1 

4A 
5,408 
1,130 

4,278 


Tons  through  crusher .* 1,266,000 

Tons  crushed  each  set  of  rolls 538,000 

(Feed,  3  in.  size,  product,  1  in.  size) 

Loss  of  steel  per  ton  crushed,  pounds 0.0159 

Note. — These  shells  were  never  taken  out  of  the  machines  since  started.  They  were 
not  entirely  worn  out  but  had  been  in  use  2i  years.  During  that  time  they  were 
trued  up  occasionally  in  the  machine  by  attaching  a  lathe  tool  holder  to  the  main  frame 
and  then  turning  the  rolls  backward  by  a  back-geared  electric  outfit  through  the 
medium  of  the  regular  roll  belts. 

During  the  period  that  the  two  sets  of  rolls  were  in  use  they  crushed  1,076,000 
tons  of  ore  from  3  in.  size,  which  had  been  produced  by  a  No.  8  McCully  crusher 
(with  the  fines  screened  out  en  route  to  the  rolls),  to  a  product  approximating  1  in.  size. 
Approximately  25  per  cent,  of  the  crusher  product  was  taken  out  by  the  screens  ahead 
of  the  rolls. 

Mill  No.  5  (Utah) 

Record  of  Roll  Shelia  in  uae  at  Sample  Mill,  June.  1014 


Section 
Number 

JThiok- 

Roll  Sise    neas  of 

Inchea     |  SheU. 

Inches 

Date 
InsUlled 

Date      y^"^"' 

• 

Esti- 
mated 
Ton- 
nage 

Sise  of 
Crush- 
ing. 
Inchen 

Cause  for 
Change 

42  by  16 
42  by  15 
42  by  15 
42  by  15 
54  by  24 
42  by  15 
42  by  16 
42  by  15 
42  by  15 
54  by  24 

5 

3f 

2k 

H 

5 

3i 

5 

3i 

3f 

5 

8-1-12 
2-  9-13 
fr-  &-13 

11-  ^13 
8-28-13 
2-  3-13 
6-  1^13 
9-27-13 

12-2^13 

2-  9-13 
fr-  8-13 

11-  6-13 
4-27-14 
StiUon 
5-  1-13 
9-27-13 

12-2&-13 
Still  on 

6  8 
4 
5 
5  21 

54.000 
38,000 
36,000 
50,000 
95,000 

Surface  comigated 
Surface  corrugated 
Surface  corrugated 
Worn  out 

2 
2 
2 
2 

3 

426 

3 

27,000         k 

40.000 ;     i 

24,000         k 

58,000         i 

116,000         i 

Surface  corrugated 
Surface  corrugated 
Slipped  off. 

2 

6-28-13       Still  on 



Material  in  42  by  15  in.  shells  is  rolled  tire  steel,  the  54  by  24  in.  shells  are  forged  throughout 

Four  sets  of  rolls  are  provided  for  two  machines,  and  as  a  different  set  of  shells  is  placed  in  machine 
at  each  replacement  it  is  not  possible  to  secure  tonnage  figures  for  the  entire  life  of  any  one  set  of  shells. 

Lead  ores,  limerock,  slag,  iron  ore,  etc,  through  No.  1  section  from  40  per  cent,  of  the  total  tonnage 
through  the  mill. 

Copper  ores,  the  greater  percentage  of  lead  matte,  lining  ores,  etc.,  go  through  No.  2  section,  forming 
60  per  cent,  of  the  total  crushed. 
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Fig.  10. — Cornish   Roll  Shells  Showing   New  Shei^ls  and  those   Worn 

Minimum  Tminxess. 


I 


Fio.  11. — Chilean  Mill  Tlbes.     Shows  Shell  Worn  so  Thin  that  Crescei 
SHAPED  Piece  was  Pulled  out  by  Hand  fbom  its  Circular  Shape* 
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Figs.  10  and  11  are  excellent  examples  of  how  thin  shells  should  wear 
in  actual  operating  practice  in  order  to  be  considered  as  mo^t  efficient 
and  satisfactory.  Fig.  10  shows  the  standard  type  of  straight-bore 
Cornish  roll  shell,  in  this  case  30  in.  diameter  by  14  in.  face,  worn  down 
to  its  minimum  point.  Fig.  11  illustrates  rolled  tires  used  on  one  of  the 
best  types  of  Chilean  mills,  also  worn  down  so  thin  that  the  half-round  or 
crescent-shaped  piece  shown  was  pulled  out  by  hand  from  its  circular 
shape.  Both  these  examples  are  ocular  demonstrations  and  would  prove, 
more  than  any  amount  of  elaborate  tests  or  record  keeping,  that  the 
material  of  which  these  particular  shells  and  tires  was  made,  was  homo- 
geneous and  durable  as  well  as  tough,  the  latter  being  indicated  by  its 
strength  and  resistance  to  breaking,  even  when  worn  to  the  thin  section 
shown. 

The  tabulated  list  of  weights  compiled  by  the  writer,  for  the  various 
sizes  of  roll  shells  given  below,  may  be  of  interest  in  a  general  way  in  con- 
nection with  this  article. 


WEIGHTS  OF  ROLLED-STEEL  SHELLS 
(.Straight  Bon) 


• 

Diameter 

in 

Inches 

Face 

15-in., 
Pounds 

16-in.. 
Pounds 

6-in.,  J 
Pounds 

8-in., 
Pounds 

10-in, 
Pounds 

12-in., 
Pounds 

1 

14-in.. 
Pounds 

IS-in, 
Pounds 

2im. 

12 
18 
20 
24 
26 
27 
30 
36 
40 
42 
44 
48 
54 
56 

126 
205 
230 
285 
310 
325 

168 
270 
300 
380 
415 
435 

210 
335 
375 
475 
520 
540 

252 
410 
460 
570 

thiGk 

630 

780 

850 

890 

1,005 

1,225 

1.375 

675 
840 
915 

' 

730 

760 

860 

1,060 

1.180 

975 

1,135 
1,375 
1,690 
2,000 
2,015 
2,125 
2,345 
2,655 
2,755 

1,300 
1,465 
1,805 
2.030 
2.145 
2,270 
2,500 
2,830 
2,940 

3  in.  thick 

430 
525 
590 

575 
700 
785 

715 
870 
980 

1,650 
2,030 
2,285 

4  in.  thick 

805 

850 

930 

1,060 

1.100 

1,070 
1,130 
1.240 
1.415 
1.470 

1.340 
1.415 
1,550 
1,770 
1,840 

1,610 
1.700 
1,860 
2.120 
;2.200 

1 

1,880 
1.985 
2,190 
2,475 
2,570 

2.415 
2,550 
2,790 
3.180 
3.300 
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l???^??_!?^  revision) 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  prewnied  in  pewon  at  the 
Pittsburg  meeting,  Ootober,  1014,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  disoussion  in  writix^;  may  be  sent  to  the  Editor,  Ameriean  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York.  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Deo.  1. 1914.  Any  disoussion 
offered  thereafter  should  preferably  be  in  the  form  61  a  new  paper. 


The  Occurrence,  Preparation  and  Use  of  Magnesite 

BT  L.   C.   MOROANROTH,   PITTBBUBO,  PA. 
(Pittsburg  Meeting.  October.  1914) 

Magnesite  boih  Massive  and  Crystalline 

Magnesites  are  of  two  general  classes — massive  and  crystalline. 
Massive  magnesite  occurs  in  serpentine,  being  formed  by  the  breaking 
down  or  decay  of  serpentine-making  minerals  or  rocks  as  olivine,  etc. 
(All  the  magnesia  contained  by  the  olivine  is  not  liberated,  as  a  portion 
goes  to  make  up  the  serpentine;  the  breaking  up  of  this  serpentine  later 
forms  more  magnesite.)  Serpentine  in  various  stages  of  transformation 
is  found  in  the  vicinity  of  magnesite  deposits. 

Massive  magnesite  is  very  widely  distributed.  It  is  found  in  Greece, 
California,  Africa,  India,  Australia,  Mexico,  South  America,  and  deposits 
of  varying  sizes  occur  in  several  of  the  European  countries.  Those  on  the 
Island  of  Euboea,  Greece,  are  probable  the  most  important  deposits  of 
this  character  of  magnesite.  They  have  been  worked  for  a  number  of 
years,  the  principal  quarries  or  mines  being  3  miles  in  the  interior  from  the 
village  of  St.  George.  (St.  George  is  on  the  west  coast  of  the  island, 
between  the  towns  of  Limni  and  Khalkis.)  (Figs.  1  and  2).  The  magne- 
site occurs  in  veins  or  lenses  in  serpentine.  Some* of  these  lenses  are  very 
large;  one  worked  several  years  ago  was  approximately  50  ft.  in  thick- 
ness, 75  to  100  ft.  high  and  300  ft.  or  more  in  length.  The  magnesite  is 
pure  white  and  makes  a  very  prominent  feature  of  the  landscape. 

While  massive  magnesite  is  widely  scattered  over  the  world,  many  of 
the  deposits  are  in  veins  too  thin  to  work.  The  usual  mode  of  occurrence 
is  in  the  form  of  stock  work,  the  deposits  in  Venezuela,  Mexico,  and 
many  of  those  in  California,  being  of  this  form.  The  veins  vary  in  thick- 
ness from  the  thinness  of  paper  up  to  several  inches,  running  in  all  direc- 
tions, occasionally  leading  to  a  mass  or  nucleus  of  some  size.  The  spaces 
between  the  veins  are  filled  with  a  disintegrated  serpentine  in  the  form  of 
sand.  Several  of  the  deposits  in  California  would  probably  be  workable, 
if  they  were  more  favorably  situated  with  reference  to  transportation,  but 
by  far  the  majority  of  the  deposits  are  too  poor  to  work.     At  one  deposit, 
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Fig.  1. — Maonesite  Quarry  on  Island  op  Euboea,  Greece. 


Fig.  2. — Men  and  Women  Working  in  Magnesite  Quarry,  Island  of  Extboea, 

Greece. 
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worked  several  years  ago,  they  were  handling  4  tons  of  refuse  to  1  ton  of 
magnesite. 

In  the  preparation  of  this  magnesite  for  use  the  process  is  practically  the 
same  as  that  which  will  be  described  under  preparation  of  the  crystalline 
variety;  with  the  exception  that  the  magnesite  is  not  dead-burned  being 
burned  only  to  what  is  known  as  the  "caustic'*  state.  In  this  form  it 
contains  2  to  5  per  cent.  CO2.  The  reason  for  this  is  that  caustic  magne- 
site is  used  for  a  different  purpose  than  that  of  the  crystalline. 

Crystaliine  Type  Found  only  in  Austria-Hungary 

Crystdlline  magnesite  is  found  practically  only  in  Austria  and  Hungary. 
It  occurs  in  dolomite  to  which  it  owes  its  origin.  The  steps  in  the  forma- 
tion of  the  magnesite  are  represented  as  follows: 

Magnesium  bi-carbonate  penetrating  limestone  forms  dolomite.  A 
further  percolation  of  magnesium  bi-carbonate  in  the  dolomite  forms 
magnesite;  later,  the  more  soluble  calcium  carbonate  is  washed  out. 
The  finding  of  a  large  number  of  crinoidal  segments  in  the  magnesite  and 
dolomite  attests  to  limestone  being  the  origin.  This  magnesite  is  rarely 
pure,  nearly  all  containing  carbonate  of  iron.  Iron  solutions  were  pene* 
trating  the  limestone  at  the  same  time  as  the  magnesium  bi-carbon- 
ate;  in  fact,  it  is  considered  that  the  magnesite  occupies  one  end  of  a 
chain  of  minerals,  and  iron  carbonate,  siderite,  the  other.  (Important 
iron-ore  deposits  are  found  in  the  same  dolomite  bed.) 

Metamorphosis  probably  plays  an  important  part  in  the  structure  of 
magnesite.  It  is  probable  also  that  this  has  a  bearing  aside  from  the 
chemically  combined  iron  on  the  particular  adaptability  of  this  magnesite 
for  use  in  the  metallurgical  industries.  Crystals  when  examined  under  the 
microscope  show  distortion  due  to  pressure  from  the  folding  of  the  beds, 
also  indicating  that  various  changes  have  taken  place  after  crystals  were 
formed.  The  magnesite  from  its  crystjialline  structure  is  sometimes 
known  as  pinolite  magnesite.  The  crystals  of  magnesite  are  often  inclosed 
in  a  thin  skin  of  talc,  which  accounts  for  the  AUOs  and  the  SiOs  found  in 
all  analyses.  Talc  is  sometimes  found  in  large  amounts  in  the  same  beds, 
but  there  is  no  direct  connection  between  magnesite  and  talc,  except 
that  they  occur  in  the  same  limestone  beds.  The  talc  is  generally  found 
between  the  magnesite  and  the  limestone.  At  one  locality  in  Hungary  a 
quarry  originally  worked  for  talc  was  later  operated  for  magnesite. 

Geologically  the  crystalline  magnesite  probably  belongs  to  the  Carbon- 
iferous period.  Carbonaceous  slates  are  found  with  it  and  small  isolated 
veins  of  coal  have  been  noted,  while  graphite  is  mined  at  various  points. 
The  basal  bed  is  a  black  clayey  slate. 

The  crystalline  variety  of  magnesite  differs  markedly  from  the  massive. 
The  massive  is  a  white  chalky-colored  mineral,  but  the  crytalline  is  a  blue- 
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gray  or  drab,  or  rather  a  mixture  of  crystals  of  various  shades  of  grays  and 
drabs.  Both  the  massive  and  the  crystalline  magnesite  may  sometimes 
have  a  yellowish  tinge,  due  to  surface  stains.  The  massive  variety  has  a 
rough,  earthy  fracture;  the  harder  varieties  break  with  sharp  edges  and  a 
more  or  less  concoidal  fracture.  The  crystalline  varieties  break  more 
irregularly.  The  crystalline  variety  may  have  pieces  of  black  slate 
scattered  through  it  giving  it  a  decidedly  mottled  appearance.  Dolomite 
in  the  form  of  splotches  or  veins  shows  distinctly  light  or  white 
against  the  gray  or  drab  background. 

The  beds  in  which  the  magnesite  is  found  in  Austria  and  Hungary  follow 
more  or  less  a  northeast  and  southwest  line  that  would  about  cross  between 
the  cities  of  Vienna  and  Budapest.  The  valleys  of  the  Danube  and  its 
tributaries  divide  these  deposits  into  two  groups.  The  Austrian  group 
extends  across  the  province  of  Steiermark,  with  its  western  extrenciity 
near  the  city  of  Salzburg  and  its  farthest  eastern  deposit  near  the  town 
of  Gloggnitz.  The  biggest  deposit  in  this  group  is  near  the  town  of  Veitsch. 
The  Hungarian  deposits  have  their  western  extremity  near  the  village  of 
Divin;  the  eastern  extremity  is  not  clearly  defined  and  may  extend  into 
Russia.  The  largest  deposits  in  Hungary  are  midway  between  the  towns 
of  Jolsva  and  Nyustya.  It  is  not  to  be  inferred  that  magnesite  is  found 
throughout  the  entire  district  between  these  extremities  in  either  country. 
The  magnesite  occurs  only  in  isolated  lenses,  and  while  some  of  these  lenses 
are  very  large,  many  are  too  small  to  be  worked  profitably.  It  is 
probable  that  commercially  workable  deposits  in  Austria  and  Hungary 
do  not  exceed  a  dozen  in  number. 

Mining  and  Preparation 

The  method  of  mining  and  preparing  magnesite  in  Austria  and 
Hungary  is  practically  the  same  in  all  plants.  Following  is  a  descrip- 
tion of  the  Veitsch  operation,  as  this  deposit  is  the  oldest  and  one 
of  the  largest  found  in  Austpa-Hungary.  The  deposit  is  a  huge  lens 
found  in  an  isolated  hill  surrounded  on  all  sides  by  barren  rocks.  It  is 
on  the  outskirts  of  the  village  of  Veitsch,  which  is  about  65  miles  south- 
west from  Vienna.  The  entire  top  of  the  hill  is  magnesite.  From  the 
top  to  the  base  of  the  magnesite  is  from  700  to  800  ft.,  the  bottom  of  the 
magnesite  being  about  half  way  down  the  hill.  The  quarry  is  worked  in  a 
series  of  steps  or  levels  about  60  ft.  apart  vertically,  which  are  clearly 
indicated  in  Fig.  3. 

The  material  is  blasted  out  of  the  solid  in  the  ordinary  matrtxer  of 
rock  quarrying.  The  magnesite  is  broken  to  one-man  pieces,  or  less, 
and  any  particles  of  dolomite  and  quartz  carefully  sorted  out. 
In  the  best  deposits  there  is  always  a  large  amount  of  this  ga.ngue. 
Practically  one-half  of  what  appear  to  be  levels  of  the  quarries  are  spoil 
banks.     The  magnesite,  loaded  on  tram  cars,  is  lowered  by  gravity  planes 
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to  the  base  of  the  hill,  where  the  works  are  situated.  Here  it  is  burned  in 
continuous  kilns  of  the  bottle  variety.  These  kilns  bum  on  the  average 
12  to  15  tons  in  24  hr.  As  a  rule,  producer  gas  is  used  as  fuel.  Within 
the  last  few  years  several  plants  have  installed  kilns  of  the  rotary  or 
cement  type  to  bum  the  magnesite,  powdered  coal  being  used  as  fuel. 
The  capacity  of  these  rotary  kilns  is  probably  50  to  60  tons  in  24  hr.  The 
magnesite  can  be  burned  as  tlioroughly  in  these  kilns  as  in  the  bottle 
kilns,  but  they  have  one  disadvantage,  in  that  a  larger  percentage  of 
fines  is  produced. 

The  magnesite  as  burned  in  the  bottle  kilns  is  drawn  about  every  6  hr. 
(Fig.  4) .  It  is  quenched  with  water  and  then  passes  through  a  crusher,  which 
reduces  it  to  the  size  of  a  walnut  or  less.     It  is  then  screened,  being  sepa- 


Fio.  4. — Calcining  Plant,  Island  op  Euboba,  Greece;  Calcined  Magnesite  in 

Foreground. 

rated  into  three  sizes.  From  the  screens  it  goes  to  the  picking  tables, 
where  the  underbumed  pieces  of  magnesite,  together  with  any  dolomite 
oi  quartz,  which  were  too  small  to  be  removed  at  the  quarries  are  picked 
out.  The  largest  sizes  of  magnesite  are  again  crushed  and  these  smaller 
pieces  are  re-picked.  The  magnesite  finally  is  crushed  to  the  size  of 
com,  again  picked  over,  and  then  put  in  sacks  holding  from  150  to  200  lb. 
In  this  shape  it  is  shipped  to  the  user.  Magnesite  in  burning  loses 
about  half  its  weight  in  the  passing  ofiF  of  the  CO2.  No  effort  is 
made  to  save  this  gas.  Within  recent  years  an  economy  has  been  effected 
in  the  picking  or  sorting  of  magnesite  by  the  installation  of  magnetic 
separators,  Magnesite  containing  iron  is  readily  separated  in  this 
manner. 
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Distinct  Type  in  Norway  and  Sweden 

A  distinct  type  of  magnesite  is  found  in  Norway,  near  the  town  of 
Snarum.  It  occurs  as  small  veins  in  serpentine,  but  unlike  other  mag- 
nesite in  serpentine  it  is  crystalline.  The  crystals  are  small  and  uniform 
in  size  and  are  distinctly  different  from  the  crystalline  variety  of  Austria- 
Hungary.  It  is  white  or  tinged  green  or  yellow  from  the  particles  of 
serpentine  which  are  more  or  less  intimately  mixed  with  the  magnesite. 
At  present  there  is  only  one  deposit  worked,  and  this  in  a  very  smaU  way. 
It  is  doubtful  if  they  will  ever  amount  to  much  commercially,  on  account 
of  the  limited  amount  of  magnesite  of  good  quality. 

In  Sweden  similar  deposits  are  found.  On  account  of  their  situation, 
operating  and  transportation  charges  would  be  excessive  and  it  is  doubt- 
ful if  they  will  ever  be  able  to  compete  with  the  much  cheaper  magnesite 
of  Austria-Hungary. 

Uses  of  Magnesite 

Magnesite  is  used  in  three  forms:  Crude,  or  unburned;  burned  to 
the  caustic  state;  and  dead-burned. 

Crude  Magnesite. — The  principal  use  of  crude  magnesite  has  been 
in  the  manufacture  of  carbon  dioxide  gas.  The  use  of  magnesite  for  this 
purpose  is  decreasing  rather  than  increasing,  due  to  the  fact  that  the 
manufacture  of  gas  from  this  material  can  only  be  a  financial  success  if 
the  residue  of  burned  magnesite  can  be  disposed  of.  This  residue  con- 
tains too  high  a  percentage  of  CO2  for  use  even  as  caustic  magnesite.  It 
is  also  too  impure  to  be  used  in  the  manufacture  of  various  forms  of 
magnesia  used  medicinally. 

Caustic  Magnesite. — ^This  is  magnesite  that  is  not  thoroughly  calcined. 
As  it  comes  from  the  kilns  it  may  contain  3  to  4  per  cent,  of  CO2.  It  is 
burned  at  a  temperature  of  about  1100°  C.  In  this  form  when  mixed 
with  magnesium  chloride  it  forms  an  exceedingly  strong  cement,  which 
is  used  in  the  manufacture  of  artificial  marble,  flooring,  etc.  Various 
fillers  such  as  talc,  sand,  saw  dust,  etc.,  are  used.  These  cement  mix- 
tures are  known  under  various  names,  such  as  "sorel  cement,'*  "oxy- 
chloride  cement,"  etc.  Probably  over  90  per  cent,  of  the  white  or 
massive  magnesite  is  used  in  the  caustic  state  for  the  above  purposes. 
Caustic  magnesite  deteriorates  rapidly  by  the  absorption  of  CO2  and 
moisture  from  the  air,  so  that  in  the  course  of  4  or  5  months  it  will 
contain  two  or  three  times  as  much  gas  as  it  did  when  it  first  came  from  the 
kiln. 

Dead-burned  Magnesite. — This  is  magnesite  that  contains  less  than 
1  per  cent,  of  CO2  or  that  has  been  so  thoroughly  calcined  that  there  is 
no  deterioration  or  reversion  on  exposure  to  the  air  by  the  absorption 
of  CO2.     It  is  this  form  of  magnesite  that  is  used  in  the  making  of  the 
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bottoms  of  open  hearths  and  for  the  manufacture  of  magnesite  brick. 
The  crystalline  variety  of  magnesite  is  used  exclusively  for  this  purpose 
and  Austria-Hungary  may  be  said  to  furnish  it  all.  (It  is  a  difficult 
matter  to  dead-bum  the  white  or  massive  variety,  due  to  the  fact  that  it 
decrepitates  or  bums  to  powder  before  all  of  the  gas  is  driven  out.  In 
Greece,  where  formerly  a  small  amount  of  dead-burned  magnesite  was 
produced,  it  was  only  possible  to  dead-bum  it  by  including  lumps  of 
magnesite  that  had  small  pieces  of  serpentine  adhering  to  them.  In  the 
kiln  this  serpentine  fusing  held  the  magnesite  in  more  or  less  lump  form 
and  allowed  of  a  more  thorough  burning.)  Austro-Hungarian  magnesite 
on  account  of  its  containing  chemically  combined  iron,  is  much  more 
readily  calcined  to  the  dead-burned  state.  It  is  also  on  account  of  this 
iron  content  that  it  is  far  more  suitable  in  the  making  of  open-hearth 
bottoms  and  in  the  manufacture  of  brick,  for  the  iron  fusing  causes 
the  magnesite  to  set.  It  may  be  possible  to  get  the  same  results  by 
using  the  purer  massive  magnesite  by  mixing  some  iron  with  it,  but 
dead-burned  white  massive  magnesite  cannot  compete  with  the  Austrian 
or  Hungarian  variety  in  point  of  price.  A  few  magnesia  brick  are  made 
from  the  massive  variety  where  a  brick  of  special  purity  is  desired  or 
where  a  more  highly  refractory  brick  than  one  made  from  the  Austrian 
or  Hungarian  magnesite  is  required,  as  in  certain  metallurgical  processes 
or  in  electric  furnaces. 

The  Austro-Hungarian  calcined  magnesite  received  in  this  country 
is  in  the  form  of  grains,  ranging  in  size  from  particles  the  size  of  corn  to 
powder.  Approximately  60  to  60  per  cent,  of  the  magnesite  is  used  in 
this  form,  t.6.,  is  not  manufactured  into  brick,  this  use  being  in  the  making 
of  bottoms  of  open-hearth  steel  furnaces.  Although  the  bottoms  of  the 
furnaces  are  made  of  magnesia  brick,  the  bath  is  not  allowed  to  come 
directly  in  contact  with  the  brick,  a  bottom  of  15  to  20  in.  of  magnesite 
grains  intervening.  This  bottom  is  made  by  sintering  the  magnesite 
grains  in  place  in  layers  of  i  to  1  in.,  until  the  requisite  thickness  is  ob- 
tained. From  time  to  time  erosions  occur  in  the  bottom  and  along  the 
side  walls,  which  are  repaired  by  putting  in  more  magnesite  grains. 

Magnesite  bricks  are  used  in  electric  furnaces,  melting,  heating, 
welding  furnaces,  etc.  During  the  last  couple  of  years  the  adoption  of 
magnesia  brick  for  linings  of  copper  converters  has  become  almost  uni- 
versal. The  siliceous  lining  good  for  three  or  four  blows,  formerly  in  use, 
has  now  been  replaced  by  magnesia  brick  lasting  a  year  or  two  and  good 
for  15,000  to  20,000  tons  of  matte. 

The  United  States  Government  reports  a  total  consumption  of 
magnesite  for  the  year  1912  as  103,000  net  tons. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ahould  preferably  be  preMnted  in  perwn  at  the 
Pittsburg  meetins.  October,  1914.  when  an  abstract  of  the  paper  will  be  read.  If  this  la  imposoible, 
then  discnnion  in  writinff  may  be  aent  to  the  Editor,  Ameriean  Institnte  of  Mining  Engineers,  29  West 
39th  Street.  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
UnlesB  SMoal  arrangement  is  made,  the  dlsoossion  of  this  paper  will  dose  Dec.  1, 1914.  Any  discussion 
o£fered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Barytes  as  a  Paint  Pigment 

BT  H.  A.  GARDNER/  AND  G.  B.  HECKBL^ 
(Pittsburg  Meeting.  October,  1914) 

The  principal  use  of  barium  sulphate  is  as  an  inert  paint  pigment. 
For  this  purpose,  the  ground  material  is  used  both  in  its  natural  and  in  its 
artificial  forms.  Probably  the  largest  amount  is  used  in  the  production 
of  a  chemically  precipitated  pigment  called  lithopone  which  consists 
of  70  parts  of  barium  sulphate  and  30  parts  of  zinc  sulphide.  An  enormous 
tonnage  of  this  pigment  is  at  the  present  time  being  used  in  the  manu- 
facture of  interior  flat  wall  paints  of  the  oil  type,  such  paints  having  al- 
most entirely  supplanted  the  use  of  corroded  white  lead  which  was  at  one 
time  used  for  interior  painting.  The  more  dense  nature,  lower  price  and 
sanitary  value  of  lithopone  was  responsible  for  this  change.  Lithopone 
is,  m(9reover,  used  to  a  large  extent  in  the  manufacture  of  oil  cloth,  shade 
cloth  and  linoleum.  Its  whiteness  makes  it  of  particular  value  for  this 
purpose.  Barium  sulphate  is  also  used  of  itself  in  admixture  with  other 
pigments  in  the  manufacture  of  prepared  paints.  The  chemically  pre- 
cipitated form  of  barium  sulphate,  which  is  generally  called  blanc  fixe,  is 
also  used  for  this  purpose. 

Much  controversy  has  raged  in  the  paint  world  over  the  question  of 
inert  pigments  such  as  barytes,  silica,  asbestine  and  china  clay.  These 
pigments  are  probably  called  inert  because  they  have  no  chemical  action 
upon  the  linseed  oil  in  which  they  are  ground  to  produce  paints,  and  on 
account  of  the  fact  that  they  become  transparent  in  oil.  It  is  well  known 
that  in  the  manufacture  of  paints,  opaque  white  pigments,  such  as  basic 
carbonate  white  lead,  basic  sulphate  white  lead,  zinc  oxide  etc.,  are 
generally  used  as  the  grinding  base.  These  base  pigments,  when  ground 
in  oil,  react  therewith  to  some  slight  extent,  and  they  produce  white  paints 
which  have  excellent  hiding  or  obscuring  value.  The  inert  pigments  so- 
called,  when  ground  in  oil  and  spread  out  into  a  thin  film,  form  trans- 
parent coatings  which  have  no  hiding  power.  It  has  been  contended, 
therefore,  that  the  use  of  barjrtes  or  similar  inert  pigments  in  paints  is 
resorted  to  simply  for  the  purpose  of  cheapening  the  cost  of  the  product. 

♦  Non-member. 
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It  is,  of  course,  true  that  the  natural  tendency  of  manufacturers  in  the 
past  has  been  to  use  inert  pigments  liberally,  on  account  of  their  low  cost, 
and  the  consumer  has  in  consequence  frowned  upon  this  practice  and  has 
been  prone  in  some  instances  to  condemn  the  use  of  paints  which  contain 
even  small  amounts  of  inert  pigments.  That  such  inert  pignients  do 
have  a  proper  and  legitimate  place  in  the  manufacture  of  prepared  paints, 
has  been  shown  by  practical  tests.  The  degree  to  which  they  may  be 
used,  however,  is  a  question  which  some  believe  not  to  have  been  fully 
determined.  Several  years  ago,  at  the  laboratories  of  the  Pennsylvania 
Railroad  Co.,  in  Altoona,  Pa.,  Dr.  Charles  B.  Dudley  conducted  a  long 
series  of  carefully  made  paint  tests  on  a  practical  scale.  From  the  results 
of  these  tests.  Dr.  Dudley  formulated  a  series  of  fundamental  principles 
governing  the  quantity  and  use  of  inert  pigments  in  prepared  paints. 
Briefly  paraphrased,  these  principles  may  be  stated  as  follows: 

In  a  white  paint,  the  desired  color  having  been  provided  for  by  the  use  of  opaque 
pigments,  there  may  then  be  added  to  the  paint  as  much  inert  pigment  as  can  be  used 
without  destroying  the  practical  opacity  of  the  paint.  In  a  white  paint  made  of  lead 
and  zinc  pigments,  the  amount  of  inert  pigment  to  be  added  may  probably  run  as 
high  as  20  per  cent.,  but  a  more  dense  paint  will  be  obtained  by  the  use  of  not  over 
10  to  15  per  cent.  In  a  colored  paint,  such  as  an  iron  oxide  red,  there  may  be  used 
as  high  as  50  per  cent,  of  inert  pigments,  without  detracting  from  the  color  of  the  paint. 
In  a  colored  paint  such  as  a  chrome  green,  there  might  be  used  as  high  as  80  per  cent, 
of  an  inert  pigment. 

The  use  of  barytes  in  the  manufacture  of  chrome  green  conspicuously 
illustrates  the  function  of  an  inert  pigment.  Chemically  pure  green  is 
prepared  by  simultaneous  precipitation  of  lead  chromate  and  Prussian 
blue.  This  pigment  is  used  as  a  tinting  color,  and  when  it  is  used  alone 
it  is  apt  to  produce  a  dense,  dingy  green.  In  order  to  make  a  more 
satisfactory  green,  the  color  is  precipitated  upon  a  base  of  barium  sulphate 
in  the  proportion  of  20  parts  of  color  to  80  parts  of  barium  sulphate. 
Such  a  color  is  brilliant  and  clear,  producing  bright  shades  when  added  to 
a  white  base.  This  statement  also  holds  true  with  other  colors,  especially 
the  adjective  dyes  precipitated  on  a  barium  sulphate  base.  The  para- 
nitraniline  reds  and  other  permanent  vermilions  may  be  cited  as  examples 
of  brilliant  colors  which  are  now  precipitated  in  the  course  of  manufacture 
upon  a  base  of  barium  sulphate  or  similar  inert  pigment.  The  legitimate 
office,  therefore,  of  barytes  as  an  inert  pigment  in  the  manufacture  of 
colors  is  to  diffuse  the  color  by  its  presence  and  brighten  and  make  more 
clear  the  tints  which  are  prepared  from  it  as  a  base. 

It  is  a  fact,  which  at  first  glance  appears  paradoxical,  that  the  in- 
corporation of  small  amounts  of  these  transparent,  colorless,  inert  pig- 
ments in  a  paint  containing  very  finely  divided  opaque  pigments,  such 
as  zinc  oxide,  lampblack,  etc.,  increases  the  opacity  of  the  paint  coat- 
ings made  from  them.     The  reasons,  however,  are  obvious.     In  the  first 
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place,  the  proportion  of  liquid  in  the  vehicle  of  the  fikn  is  reduced,  on 
account  of  the  fact  that  barytes  grinds  to  a  workable  base  with  a  very 
small  amount  of  linseed  oil,  whereas  many  other  pigments  used  in  the 
manufacture  of  paints  require  a  more  substantial  quantity  of  oil.  It  is 
the  amount  of  oil  in  a  paint  which  materially  affects  its  hiding  power. 
Moreover,  the  thickness  of  a  paint  coating  is  to  a  great  extent  increased 
when  it  contains  an  inert  pigment  such  as  bartyes,  and  the  thicker  the 
coat  the  more  dense  will  be  the  paint. 

The  chemical  effect  of  inert  pigment  is  also  a  matter  of  great  im- 
portance to  the  painter.  This  effect  varies  with  the  structure  of  the  pig- 
ment. In  the  case  of  pigments  such  as  bartyes,  silica,  etc.,  the  effect  is 
to  impart  "tooth"  under  the  brush.  "Tooth"  is  an  expression  used  to 
describe  the  brushing  action  of  a  paint,  which  indicates  that  the  paint 
is  being  taken  up  by  the  wood  or  other  surface  to  which  it  is  applied. 
Paints  made  solely  from  finely  divided  pigments  such  as  zinc  oxide  or 
lampblack  would  be  deficient  in  tooth. 

From  the  foregoing,  it  is.  apparent  that  there  should  be  no  technical 
objection  to  the  use  of  bartyes  in  paints.  The  only  question  is  an  eco- 
nomic one,  and  involves  two  considerations:  The  first  is  that  barytes 
and  other  inert  pigments  shall  not  be  sold  except  under  their  true  names 
and  shall  not  be  used  as  adulterants,  using  that  term  in  the  sense  given 
it  by  the  American  Society  for  Testing  Materials,  as  follows:  "Adulter- 
ant— A  substance  partially  substituted  for  another."  The  other  con- 
sideration is  that  the  amount  of  bartyes  shall  be  such  that  it  will  not 
impair  the  opacity  of  the  paint  under  the  conditions  of  application, 
which  implies  that  three  coats  shall  effectively  hide  the  underlying  surface 
to  which  it  is  applied. 

• 
Data  on  Barytes 

Occurrence:  As  rock  barite  and  as  the  gangue  in  zinc  and  lead  ores. 

Principal  sources:  Missouri,  Kentucky,  Virginia  and  Tennessee. 

Structure:  Natural,  crystalline;  artificial,  amorphous. 

Color:  White,  transparent. 

Usual  method  of  production:  "Gophering." 

Principal  use:  As  a  pigment. 

Preparation  of  pigment:  Breaking,  comminution,  washing  with  acid 
to  remove  iron,  washing,  grinding,  water  floating  or  sedimentation. 

Specific  gravity  of  pigment:  4.45. 

Formula:  BaS04. 

Desirable  qualities  of  barytes  as  a  paint  pigment:  Softness,  whiteness, 
fineness. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  paeon  at  the 
Pittsburg  meetins,  October,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  disoussion  in  writing  may  l>e  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York/N.  Y.,  for  preeentation  by  the  Secretary  or  other  representative  of  ite  author. 
unlets  speoal  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Dec.  1, 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Quarrying  Shale  by  the  Tunnel  System 

BY  D WIGHT  T.  FABNHAM,*  SEATTLE,  WASH, 
(Pittsburg  Meeting,  October,  1914) 

Description  of  Quarry 

The  shale  used  at  the  Renton  plant  of  the  Denny-Renton  Clay  & 
Coal  Co.,  for  the  manufacture  of  vitrified  paving  brick  occurs  in  a  hill 
rising  from  200  to  300  ft.  above  the  level  of  the  valley  in  which  the  plant 
is  situated.  The  shale  deposit,  which  is  of  unknown  thickness  pitches 
about  10*"  to  the  southeast.  The  150-ft.  face  worked  extends  approxi- 
mately east  and  west,  so  that  the  dip,  as  shown  by  the  photograph,  is  to 
the  left  and  into  the  hill.  The  shale  is  overlain  with  about  60  ft.  of  gravel, 
70  ft.  of  clay,  and  30  ft.  of  mixed  loam  and  gravel,  making  altogether  from 
125  to  150  ft.  of  overburden. 


Disposal  of  Overburden 

The  overburden  is  removed  by  sluicing.  For  this  purpose  a  No.  2 
Joshua  Hendy  giant  is  used,  throwing  a  Ij-in.  stream,  and  having 
60  lb.  pressure  at  the  nozzle.  The  water  is  drawn  through  an  8-in.  pipe 
froirt  Cedar  river,  about  1,000  ft.  distant,  by  means  of  a  Worthington 
four-stage  centrifugal  pump,  direct  connected  with  a  100-h.p.  mptor 
placed  just  south  of  the  factory,  and  1,500  ft.  from  the  nozzle  This 
plant  handles  the  material  satisfactorily  to  a  height  of  about  75  ft.  above 
the  level  of  the  top  of  the  shale.  When  the  higher  levels  are  worked,  an 
auxiliary  plant  consisting  of  a  four-stage  Byron  Jackson  centrifugal 
pump  with  a  100-h.p.,  belt-connected  motor,  is  thrown  into  the  system. 
This  plant  is  situated  on  top  of  the  shale  and  can  be  discerned  at  the  ex- 
treme right  of  the  trestle  work  in  Fig.  1. 

The  overburden  is  worked  in  either  two  or  three  benches,  depending 
upon  the  height  of  the  hill  at  that  particular  point.    Fifty  feet  is  about 

*  Non>member. 
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the  extreme  height  which  can  be  worked  at  one  time  with  any  degree  of 
efficiency  with  the  plant. 

The  usual  inethwl  of  working  is  as  follows:  A  cut  is  made  ttbout  iiO  ft. 
in  height  and  100  ft.  in  depth,  extending  completely  across  the  face,  which 
is  about  800  ft.  long  at  present.  The  material  is  shot  down,  men  being 
lowered  over  the  brink  by  ropes,,  when  necessar>%  to  do  the  drilling.  The 
clay,  loam  and  gravel  fall  in  large  lumps,  some  of  which  need  further 
reduction,  depending  upon  the  nature  of  the  material 


FiQ-  1. — Shale  quaery  and 

The  stream  from  the  giant  reduces  these  to  a  sluny  containing  lumps 
up  to  perhaps  4  in.  in  diameter.  Once  a  cut  is  finished,  the  bank  is  sloped 
to  an  angle  of  about  45°,  and  the  next  cut  below  started  and  completed  in 
the  same  manner  until  the  shale  is  uncovered. 

Fig.  2  shows  the  stream  playing  on  the  50-ft.  gravel  strata  which  over- 
lies the  shale. 

Sluicing  operations  are  carried  on  continuously.  The  men  work  in 
three  shifts,  arc  lights,  and  5,000-e.p.  acetyline  headlights  being  used  at 
night.  In  this  way  19,000  to  20,000  yd.  of  overburden  are  moved  each 
month. 

The  material  is  removed  from  the  face  by  means  of  ground  sluices 
which  connect  with  the  boxes  supported  on  the  trestles  shmi^a  in  Eig.  K 
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These  boxes  are  10  by  12  in.  inside,  ^d  the  bottoms  are  lined  with  vitrified 
brick,  which  outlast  any  other  material.  When  running  gravel,  which 
gives  the  hardest  wear,  iron  boxes  last  90  days,  wood  blocks  six  weeks, 
while  the  brick  remain  in  service  from  10  months  to  a  year. 

Gravel  which  is  suitable  only  for  ballast  is  run  directly  into  railroad 
cars  by  means  of  a  sluice  box  as  shown  in  Fig.  1.  To  the  left  of  this  can 
be  seen  the  gravel  trestle  which  leads  such  gravel  as  is  suitable  for  con- 
crete work  to  a  washing  and  screening  plant.     Enough  gravel  is  sold 


Paving  Brick  Plant  at  Rbnton. 

to  reduce  the  cost  of  removing  the  overburden  12  per  cent.  The  trestle 
to  the  left  carries  the  boxes  which  remove  the  clay  and  loam  and  other 
unsalable  material.  The  larger  lumps,  at  the  time  the  photograph  was 
taken,  were  settled  behind  the  large  dike  just  across  the  railroad  tracks, 
while  the  finer  material  in  the  form  of  slurry  was  run  underneath  the  tracks 
and  settled  in  a  series  of  basins. 

Great  care  is  taken  to  prevent  any  of  this  material  from  flowing  into 
Cedar  river,  which  is  being  made  a  navigable  stream. 

Large  rocks  which  cannot  be  sluiced,  are  shot  and  allowed  to  remain 
on  top  of  the  shale  until  the  shale  is  used,  when  they  are  taken  out  over 
the  floor  of  the  quarry. 
11 
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Former  Quarrying  Methods 

The  quarry  floor  is  perhaps  10  ft.  above  the  level  of  the  factory.  The 
shale,  which  is  used  in  the  manufacture  of  vitrified  paving  brick  at  the 
rate  of  700  tons  per  day  at  present,  presents  a  face  700  ft.  long  and  150 
ft.  high. 

Various  methods  of  working  have  been  tried,  but  none  have  proved  so 
successful  as  the  present  one.  A  steam  shovel  is,  of  course,  out  of  the 
question  with  so  great  a  lift.    Only  about  30  ft.  of  this  material  could  be 


Fig.  2. — Removing  Overbubdbn  by  Hydraulickinq. 


worked  efficiently  by  shovel,  and  the  vision  of  five  steam  shovels  working 
one  above  the  other  is  too  appalling  to  contemplate  when  only  about  700 
tons  of  shale  a  day  is  to  be  moved. 

We  did  try,  however,  a  i-yd.  orange-peel  bucket  and  a  locomotive 
crane.  With  this  outfit  an  attempt  was  made  to  pick  up  the  shale,  once 
it  had  been  shot  down,  and  to  drop  it  into  cars  which  were  dumped  over 
a  grizzly  having  bars  spaced  6  in.  apart,  which  allowed  the  fine  material 
to  fall  directly  into  the  conveyor,  while  the  coarse  material  was  led  to  a 
crusher.  This  proved  unsatisfactory  on  account  of  the  large  blocks  of 
shale,  all  of  which  had  to  be  shot  and  re-shot.  Furthermore,  the  bank  is 
made  up  of  alternate  layers  of  sandy  and  pure  shale,  which  require  it  to  be 
evenly  mixed  in  order  to  produce  the  highest  grade  of  brick.  This  outfit 
did  not  allow  proper  mixing,  and  on  account  of  the  lumps,  had  a  capacity 
of  less  than  300  tons  per  day. 
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After  this  experiment^  we  reluctantly  went  back  to  our  old  system  of 
shooting  the  face  as  widely  as  necessary,  and  then  gathering  the  material 
with  shovels  and  by  hand  into  cars. 

Tunnel  Method  Now  Used 

The  present  method  of  quarrying  and  handling  the  shale  is  as  follows: 

The  whole  face  is  worked  in  benches  of  about  30  ft.    Two-inch  holes 

are  bored  by  hand,  with  a  Spry  boring  machine,  about  15  ft.  into  the 

shale,  and  are  loaded  with  40  per  cent.  "Qiant"  powder  and  shot  seven  to 

ten  at  a  time  with  a  battery.    The  shale  falls  on  the  tunnels  shown  in  Fig. 

1  just  above  the  factory  roof. 

These  tunnels — at  present  about  20  in  number — approximate  the 
timbering  in  a  mine  crosscut.  On  8  by  14  in.  mud  sills  are  erected  12  by 
14  in.  legs,  6  ft.  10  in.  apart  at  the  collars  and  8  ft.  10  in.  apart  on  mud 
sills — which  are  connected  by  14  by  16  in.  collars,  7  ft.  above  the  mud  sills, 
the  whole  comprising  a  set.  These  sets  are  spaced  5  ft.  apart,  and  are 
connected  by  3  by  12  in.  planks  on  the  sides,  which  act  as  lagging,  and  by 
6  by  12  in.  bars  set  8  in.  apart  on  top  of  the  collars  which  form  the  grizzly 
shown  in  Fig.  3. 

Between  each  set,  and  underneath  this  grizzly  are  constructed  two 
hoppers  which  together  hold  a  car  of  shale.  These  hoppers  are  closed  at 
the  bottom  with  "needles"  similar  to  those  in  the  bottom  of  the  old- 
fashioned  dump  wagons  which  may  be  moved  easily  when  the  cars  are 
to  be  filled. 

In  constructing  a  tunnel,  five  sets  are  set  in  the  solid,  and  perhaps 
seven  or  eight  are  set  up  outside.  As  the  shale  face  of  the  quarry  advances 
the  tunnel  is  driven  to  keep  five  sets  ahead  of  it,  the  timbers  being 
removed  from  the  outside,  and  used  for  driving  ahead. 

In  preparing  to  shoot  on  a  tunnel,  4  by  12  in.  planks  are  placed  cross- 
wise on  the  grizzly,  and  these  are  covered  with  lumps  of  shale  to  a  depth  of 

2  or  3  ft.  From  2,000  to  3,000  tons  of  shale  are  then  shot  down  on  a  group 
of  three  tunnels,  which  converts  each  tunnel,  as  it  were,  into  a  bunker 
containing  from  750  to  1 ,000  tons  of  shale.  The  planks  are  then  removed, 
a  few  at  a  time,  from  the  outermost  end  of  the  tunnel  and  the  shale  fed 
through  the  grizzlies  into  the  hoppers.  All  lumps  are  bull-dozed,  from 
one-half  to  three  sticks  of  dynamite  being  used,  or  they  are  broken  up^ 
with  wedges  and  hammers;  100-ton  lumps  are  a  common  occurrence,  and 
the  fact  that  these  often  fall  125  ft.  speaks  well  for  the  strength  of  the 
construction.  The  shale  between  the  tunnels,  which  are  placed  on  20-ft. 
centers,  is  left  in  place  until  it  is  time  to  remove  the  outer  timbers,  when 
it  is  loaded  into  cars  by  hand.  This  protects  the  sides  of  the  tunnels  and 
prevents  the  timbers  from  buckling — ^and  together  with  the  2-ft.  cushion 
of  shale  placed  on  top  of  the  tunnels  before  shooting,  closely  approximates 
the  conditions  prevaUing  in  a  crosscut  in  a  mine  where  the  "arch'' 
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is  formed  and  comparatively  weak  timbers  withstand  the  weight  of  mil- 
lions of  tons. 

Loading  and  Conveying 

The  shale  having  been  shot  down  covers  the  tunnels  from  the  quarry 
face  nearly  to  the  outer  end  of  the  tunnel.  The  method  of  working  it 
down  to  the  grizzly  is  shown  clearly  in  Fig.  3.     The  lumps  are  started 


Fig.  3. — Working  Shale  Down  to  Grizzly  over  Tunnel. 

with  a  bar  and  roll  down,  some  falling  through  and  others  having  to  be 
broken  by  hand.  When  the  hoppers  are  full,  the  cars,  which  are  a  simple 
box  7  by  2\  ft.  on  the  bottom,  and  flaring  to  7  by  3i  ft.  on  the  top, 
which  is  6  ft.  above  the  top  of  the  rail,  are  filled  and  run  down  to  the 
dumping  plant  on  a  3-ft.  gauge  track.  The  main  lines  of  the  track 
system  are  built  of  40-Ib.  rails  and  all  tracks  are  so  graded  that  the 
power  required  to  move  a  full  car  to  the  dumping  plant  is  approximately 
the  same  as  to  move  an  empty  back  into  the  tunnel.  The  trackage  and 
general  layout  of  the  tunnels  is  shown  in  Fig.  4. 

From  each  direction  the  main  tracks  lead  into  the  dumping  plant. 
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which  is  equipped  with  two  Link-Belt  rotaiy  dumps.  These  are  so  ar- 
ranged that  when  a  trigger  is  released  the  whole  car  rolls  over  sideways 
and  dumps  its  contents  into  a  hopper.  As  soon  as  the  car  is  empty  the 
center  of  gravity  is  thus  shifted  and  the  car  rolls  back  into  place,  too  great 
celerity  of  action  being  prevented  by  a  band  brake  operated  by  a  lever 
and  rope.  i 

I'he  dumping  plant  is  equipped  with  two  hoppers,  one  for  coarse  shale 
equipped  with  a  grizzly  and  crusher,  and  the  other  for  fine  material. 


Fig.  4. — General  Layout  of  Tracks  and  Tunnels. 

These  hoppers  empty  the  material  on  a  30-in.,  6-ply  rubber  belt  about 
50  ft.  between  pulley  centers,  which  in  turn  dumps  the  shale  on  a  similar 
belt  which  rises  at  an  angle  of  22*^,  and  running  at  about  300  ft.  per  minute, 
delivers  the  shale  to  the  third  floor  of  the  factory. 

On  reaching  the  factory,  the  shale  is  dumped  into  a  Jeffreys  chain 
conveyor,  the  flights  of  which,  24  by  10  in.,  scrape  it  along  the  bottom  of 
a  steel-lined  box  to  the  openings  into  the  bunkers.  There  are  six  of  these 
bunkers,  each  one  of  which  holds  shale  sufficient  for  about  40,000  brick. 
Each  bunker  feeds  a  dry  pan,  or  grinding  mill,  the  duty  of  which  is  to 
grind  shale  sufficient  for  30,000  brick  in  9  hr. 

Each  one  of  the  six  openings  is  equipped  with  a  slide,  usually 
left  about  one-sixth  open,  which  causes  all  the  shale  carried  along  by  the 
chain  conveyor  to  be  equally  distributed  among  the  six  bunkers  so  that 
a  very  even  mixture  is  obtained  for  each  mill.     When  the  bunkers  are 
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full,  or  when  it  is  found  desirable  to  fill  the  ston^,  the  shale  still  escapes 
through  one  or  more  of  the  six  openings,  but  is  thrown  by  means  of  a 
hinged  door  into  rope  and  disk  conveyors,  160  ft.  long,  which  run  at  right 
angles  to  the  chain  conveyor,  and  carry  the  shale  into  the  stori^  shed, 
the  capacity  of  which  is  12,000  tons.  This  shale  is  stored  in  the  summer 
and  is  mixed  with  the  wet  shale  in  winter  in  order  to  make  a  mixture  dry 
enough  to  work  in  the  mills  efficiently.  The  stored  shale  is  conveyed  to 
the  dry  pans  by  means  of  underground  belt  conveyors,  whose  pits  are 
covered  with  plank  which  may  be  taken  up  as  the  shale  is  fed  to  the 
conveyors. 

Efficiency  of  Tunnel  System 

Under  the  hand-loading  system,  2-ton  capacity,  side-dump  card  were 
used,  which  a  crew  of  three  men  operated,  loading  the  shale  and  pushing 
the  cars  on  an  average  100  ft.  to  the  dumping  plant,  and  dumping  their 
own  car.  These  men  worked  on  contract  and  averaged  10  cars  per  man 
per  10  hr.    The  output  was  therefore  2  tons  per  man  per  hour. 

When  the  present  system  was  installed  the  pit  was  enlarged  so  that 
by  the  time  the  system  was  in  working  order  the  average  haul  was  200  ft. 
The  men  still  worked  in  crews  of  three,  but  each  man  averaged  1.9,  2.3- 
ton  cars  per  hour  in  summer  (1.7  in  winter),  or  4.37  tons  per  hour  per 
man — more  than  twice  the  former  output.  When  the  haul  reached  an 
average  of  300  ft.  a  mule  and  driver  took  over  the  hauling  which  increased 
the  tonnage  per  man  per  hour  to  4.6  tons — enough  to  pay  the  cost  of  the 
mule  and  the  man.  Five  mien,  with  the  new  dumping,  conveying  and 
distributing  plants  handle  700  tons  per  day  as  against  four  men  before 
who  handled  about  300  tons,  so  that  this  cost  is  just  about  cut  in  half 
by  the  installation  of  a  modem  plant. 

The  advantages  of  the  new  system  over  the  former  system  may  be 
summed  up  briefly  as^ follows: 

1.  The  cost  of  loading,  trancing,  crushing,  conveying  and  distri- 
buting the  shale  is  reduced  more  than  half. 

2.  A  more  evenly  mixed  material  is  obtained  by  the  system  of  dis- 
tribution described  and  because  the  shale  can  be  shot  down  in  larger 
quantities,  allowing  more  choice. 

3.  The  drainage  furnished  by  the  tunnels  allows  the  quarry  to  be 
worked  at  times — during  the  rainy  season — when  it  was  formerly  im- 
possible, and  furnishes  a  dryer,  and  hence  more  easily  ground  nfaterial. 
This  makes  it  unnecessary  to  draw  from  storage  so  frequently  and  so  re- 
duces this  expense. 

Altogether,  the  system  works  most  successfully.  The  details  have 
required  considerable  study  and  minor  changes  have  been  made  from 
time  to  time,  but  we  believe  that,  on  the  whole,  this  method  of  quanying 
and  handling  the  shale  meets  the  difficulties  encountered  in  working  so 
large,  and  so  unusual  an  undertaking,  in  a  manner  which4s  satisfactory. 
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[subject  to  rbvibion] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Pittsburs  meeting.  October  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  disoussion  in  writinf  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  disoussion  of  this  paper  will  dose  Dec.  1, 1914.  Any  discussion 
offered  tnereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Capillary  Concentration  of  Gas  and  Oil 

BY  C,   W.   WASHBTTRNB,   Wil8HINQT0N|   D.   C. 
(Pittsburg  Meeting.  October,  1914) 

Former  studies  of  sedimientaiy  strata  have  been  based  upon  the 
mineralogical  and  mechanical  characters  of  the  solid  components,  rather 
than  upon  the  open  spaces  between  theiA.  For  present  purposes  let  us 
take  another  point  of  view^  and  consider  not  the  rock  material,  but 
rather  its  cavities,  the  pores  rfnd  the  fissures  or  cleaved  joints  which 
connect  with  them.  Let  us  think  of  the  geologic  column  not  as  a  series 
of  rocks,  but  as  a  mass  of  irregular  connecting  capillaries.  Different 
parts  of  the  column  may  be  distinguished  by  the  absolute  size  and  by 
the  relative  amount  of  its  open  spaces. 

Porosity 

Each  stratum  of  the  column  is  characterized  by  a  certain  porosity, 
which  would  be  independent  of  the  size  of  the  rock  grains  if  all  were  of 
the  same  shape.  Slichter  has  shown  that  the  percentage  of  open  space 
in  a  pile  of  equal  spheres  is  practically  constant  regardless  of  the  di- 
ameter of  the  spheres.  This  is  approximately  true  of  clean,  assorted 
sand  or  gravel,  but  it  is  far  from  being  the  case  with  most  natural  sedi- 
ments which  have  a  widely  variable  porosity,  the  magnitude  of  which 
is  determined  mainly  by  the  amount  of  fine  and  of  secondary  material 
between  the  larger  grains.  The  shape  of  the  grains  materially  affects 
porosity,  round  grains  leaving  more  open  space  than  angular  or  flat 
grains.  The  thin  plates  of  kaolin  and  the  fine  plastic  matter  of  clay  fit 
quite  perfectly  when  pressed  together,  and  it  is  probably  this  close  fit, 
determined  by  shape  of  grain,  rather  than  the  small  size  of  a  grain,  that 
causes  the  low  porosity  of  ordinary  clay  shale. 

The  best-assorted,  least-cemented  sediments  are  the  most  porous. 
The  porosity  of  even  a  very  fine-grained  rock  may  exceed  10  per  cent,  if 
the  grains  are  fairly  uniform  and  discrete  as  in  the  so-called  "oil  shale" 
discovered  by  Woodruff  in  the  Green  River  formation  of  western  Colorado 
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and  Utah.  The  rock  has  the  megascopic  appearance  of  a  tough  cemented 
shale,  but  it  is  really  a  consolidated  calcareous  mud  or  fine  marl,  com- 
posed of  discrete,  angular  microscopic  grains  of  calcite,  with  solid  and 
liquid  hydrocarbons  in  the  interstices.  The  pores  of  this  rock  probably 
are  not  large  enough  to  be  charged  with  oil  by  the  method  of  capillary 
concentration  described  below,  which  moreover  operates  only  in  wet 
rocks,  but  they  are  much  more  efficient  channels  for  migration  than 
the  pores  of  clay  shale.  If  the  rocks  were  dry,  as  they  now  are, 
at  least  near  the  surface,  the  fine  pores  of  the  limey  layers  would  rob  oil 
from  fissures  by  capillary  action,  and  thereby  create  the  so-called  oil 
shale  of  western  Colorado.  It  is  possible,  also,  that  the  hydrocarbons 
represent  organic  matter  that  was  buried  with  the  calcareous  mud,  and 
are  therefore  analogous  in  origin  to  the  Scotch  oil  shale.  The  latter, 
however,  contains  no  liquid  oil  until  it  has  been  heated  in  the  retorts, 
and  it  occurs  in  a  region  where  there  are  no  oil  seeps.  The  rarity  of  oil 
shales  and  their  general  absence  from  oil  fields  suggest  an  origin  of  their 
hydrocarbon  content  different  from  that  of  oil,  or  else  that  there  is  some 
process  operating  in  oil  regions  which  has  destroyed  pre-existing  oil  shales 
and  which  has  concentrated  the  oil  in  the  sands  and  fissures.  The  same 
reasoning  shows  that  the  porosity  of  a  stratum  can  have  no  relation  to  the 
concentration  of  oil  except  in  a  passive  way,  being  only  a  measure  of  the 
maximum  reservoir  capacity  of  the  stratum. 

CapiUarity 

Each  stratum  of  the  geologic  column  is  characterized  not  only  by  a 
certain  porosity  but  also  by  a  certain  average  pore  diameter,  which  may 
differ  greatly  from  the  average  pore  diameters  of  adjacent  strata.  The 
size  of  the  capillaries  varies  approximately  as  the  grain  of  the  rock,  being 
greatest  in  conglomerates  and  very  coarse  sands,  and  least  in  clay  shales. 
Liquids  are  drawn  into  these  pores  by  the  force  of  "capillary  action,  which 
varies  directly  as  the  surface  tension  of  the  liquid  and  inversely  as  the 
diameter  of  the  pore.  Crude  oils  probably  have  only  about  one-third 
the  surface  tension  of  water,  and  hence  only  about  one-third  of  the 
capillaiy  power. 

Lord  Raleigh^  found  that  a  water-air  surface  has  a  tension  of  75.6 
dynes  per  centimeter  at  0*^  C.  and  of  72.8  dynes  at  20°  C.  Somewhat  lower 
values  are  given  in  recent  tables,  73.21  dynes  at  0°  and  70.60  dynes  at 
20°.^    A  salty  water,  such  as  that  commonly  found  in  oil  fields,  having 

^  Philosophical  Magazine,  1890;  similar  results  by  Hall,  Philosophical  Magazine, 
1893. 

'  Landoiph-Bdrn  stein- Meyerhoffer  tables,  quoted  by  MQller-Pouillet,  Lehrhueh  der 
Physikf  10th  ed.,  vol.  iii,  pp.  277-308  (1907).  These  are  the  same  as  the  values  found 
by  Morgan  and  Stevenson,  Journal  of  the  American  Chemical  Society,  vol.  xxx,  pp. 
360-376  (March,  1908). 
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a  density  of  1.14  at  20"*  C,  would  have  a  surface  tension  of  about  79  dynes 
per  centimeter.* 

No  determinations  of  the  surface  tensions  of  crude  oil  have  been 
found  in  the  literature  exammed.  The  writer  obtained  a  value  of  24.1 
dynes  per  centimeter  at  20°  C.  by  the  capillary  method,  using  Pennsyl- 
vania crude  oil  (specific  gravity,  0.852).  MuUer  and  Pouillet*  quote  a 
value  of  26.4  dynes  at  25*^  C.  for  a  (presumably  refined)  petroleum  having 
a  specific  gravity  of  0.847.  Magie  found  a  tension  of  25.9  dynes  at  20*^ 
C.  on  petroleum  (refined?).  Quincke*^  using  a  refined  oil  of  0.7977 
specific  gravity  obtained  a  tension  of  29.7  dynes  on  the  oil-air  surface  and 
28.9  dynes  on  the  water-oil  surface,  both  determined  at  20°  C, 

It  is  highly  probable  that  the  molecular  attractions  produce  a  con- 
centration of  the  fractions  of  lowest  surface  tension  in  the  molecular 
''film"  at  an  oil-air  surface,  and  hence  that  the  surface  tension  of 
crude  oils  is  much  less  than  would  be  expected  from  their  specific  gravities. 
For  the  same  reason  only  pure  material  can  be  used  in  determining  the 
surface  tension  of  individual  hydrocarbons  even  approximately.  Some 
of  these  have  been  calculated  by  the  writer  from  the  values  of  the  cap- 
illary constant  a  determined  by  Bartoli  and  Stracciati*  and  are  given 
below.  Evidently  the  old  statement  repeated  in  many  text  books,'  that 
the  addition  of  CH2  does  not  change  the  surface  tension,  is  not  true 
for  hydrocarbons,  although  it  appears  to  hold  for  alcohols. 

Capillary  Constants  of  the  Paraffin  Series 


Substance 

(Normal) 

Tempera- 

tiure, 
Centi- 
grade 

a 

(a) 

Surface 

Tension 

(6) 

Substance 
(Normal) 

Tempera- 
ture, 

Centi- 
grade 

at 

(a) 

Surface 
Tension 

C»Hit 

11.0 

1.635 

16.0 

CiiHj4 

14.0 

2.688 

26.4 

CtHu 

11.0 

2.038 

20.0 

C12H26 

12.8 

2.781 

27.2 

C7H1. 

12.0 

2.309 

23.5 

CijHjj 

14.0 

2. 848 

27.9 

C7H16 

12.0 

2.387 

23.4 

C14H10 

13.0 

2.915 

28.7 

CgHis 

11.0 

2.477 

24.3 

Ci»Hit 

13.3 

2.997 

29.4 

CfHjo 

14.0 

2.538 

24.9 

CieHi4 

14.0 

3.041 

29.8 

CioHaj 

13.0 

2.629 

25.8 

(a)  Milligrams  per  millimeter. 

(6)  Dynes  per  centimeter,  calculated  from  (0). 

'  Approximate  calculation  of  the  density  of  solutions  may  be  made  by  the  use  of 
the  Smithsonian  Physical  Tabhs^  4th  ed.,  p.  91,  and  with  this  the  surface  tension  may 
be  estimated  from  VoUanann's  table,  Wiedemann  Annalen^  vol.  xvii,  p.  353:  Smith- 
sonian Physical  Tables,  No.  142,  p.  128. 

^  Loc.  cU, 

*  Poggendorf  Annalen,  vol.  cxxxix,  and  Philosophical  Magazine,  1871,  as  corrected 
by  Worthington,  Philosophical  Magazine,  vol.  xx  (1885).  See  Gray,  Smithsonian 
Physical  Tables,  4th  ed.,  p.  129  (1908).  Worthington  regards  Quindce's  values  as 
too  high. 

•  Engler,  Das  ErdCl,  vol.  i,  table  22,  p.  91. 

'  Wilhelmy,  Poggendorff  Annalen,  vol.  cxxi,  p.  44  (1864).  Jones,  Elements  of 
Physical  Chemulry,  p.  139  (1902).  ^.^...^^^  ^^  GoOgk 
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At  the  end  of  this  list  there  is  an  unfilled  gap  up  to  melted  paraffin 
which  has  a  surface  tension  of  30.56  dynes  at  54**  C*  The  surface  ten- 
sion of  solid  hydrocarbons,  paraffin,  asphalt,  etc.,  must  be  very  much 
higher,  but  small  bodies  of  these,  colloidal  or  other,  would  not  affect 
the  surface  tension  of  crude  oil.  The  unsaturated  hydrocarbons  appear 
to  have  a  higher  surface  tension  than  the  corresponding  members  of  the 
methane  series,*  but  if  there  is  any  of  the  latter  in  a  crude  oil  it  probably 
will  determine  the  surface  tension  of  the  mixture.  In  general  it  follows 
from  the  Gibbs-Thompson  law,  that  the  hydrocarbons  of  lowest  surface 
tension  will  tend  to  be  concentrated  at  an  oil-air  surface,  sufficiently  to 
lower  greatly  its  tension.  Hence  it  is  probable  that  all  crude  oils  have 
low  surface  tension,  probably  in  the  neighborhood  of  25  dynes,  except 
only  the  oils  that  have  lost  all  of  their  light  constituents,  which  are  of 
no  consequence  in  problems  of  deep  migration.  It  is  unfortunate  that 
these  deductions  must  be  based  on  theory.  The  need  of  accurate  ex- 
perimental work  is  very  great. 

Capillary  Concentration 

Since  water  has  about  three  times  the  surface  tension  of  crude  oil, 
capillary  action  must  exert  about  three  times  as  much  pull  upon  it.  The 
amount  of  the  capillary  pull  varies  inversely  as  the  diameter  of  a  pore. 
Hence  the  constant  tendency  of  capillarity  is  to  draw  water,  rather  than 
oil,  into  the  finest  openings,  displacing  any  gas  or  oil  in  the  latter.  Gas 
itself  is  not  drawn  into  capillaries  by  the  action  of  surface  tension,  and 
it  can  leave  the  fine  pores  without  any.capillary  resistance.  It  is  therefore 
the  most  quickly  and  the  most  completely  gathered  in  the  largest  spaces 
available.  Moreover,  capillarity  resists  any  movement  of  water  from 
fine  toward  large  pores  more  than  it  resists  the  movement  of  oil  or  gas 
in  that  direction.  In  short,  water  enters  fine  capillaries  about  three 
times  as  readily  as  oil,  and  it  encounters  about  three  times  as  much 
capillary  resistance  in  leaving  them. 

The  final  result  of  this  action  must  be  the  concentration  of  nearly 
all  the  gas  and  oil  in  the  openings  having  least  capillary  power,  namely, 
in  fissures  if  present,  and  in  the  larger  rock  pores.  This  appears  to  be  a 
general  rule  in  oil  fields,  where  the  pores  of  the  coarser-grained  rocks 
contain  practically  all  of  the  oil,  while  the  pores  of  the  adjacent  fine- 
grained rocks  contain  practically  no  oil.  Any  slow  flow  between  shale 
and  sand  would  bring  about  the  concentration  of  oil  and  gas  in  the  sand, 

*  lAndolph-Bdmstein-Meyerhoffer  tables,  MtUler-Pouillet,  Lehrhttck  der  Physik, 
vol.  iii,  p.  277  (lOth  ed.). 

*  Hexane  has  a  surface  tension  of  20  d3rnes  at  11^  G.  (Schiff);  bensene,  28.3  at 
11^  C.  (average  of  various  authorities,  except  Morgan  and  Stephenson,  who  found  a 
tension  of  29.38  dynes  at  22.5^  C.  or  30.5  at  11^  C);  benxole  has  a  surface  tension  of 
29.86  dynes  at  12^^  G.  (L.-B.-M.  tables)  or  30  dynes  at  11"*  G.  , 
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and  in  the  absence  of  such  independent  movements  it  is  possible  that 
capillarity  alone  would  drag  enough  water  into  the  shales  to  displace 
most  of  the  gas  and  oil.  However  there  is  no  need  to  place  such  a 
heavy  burden  upon  capillarity,  since  independent  flows  would  almost 
certainly  be  created  by  the  differences  of  pressure  or  head  arising  during 
the  deformation  and  subsequent  erosion  of  the  strata,  besides  the  general 
upward  slow  flow  of  the  rock  fluids  that  is  indicated  by  the  fact  that  the 
observed  downward  increase  in  pressure  is  greater  than  the  correspond- 
ing hydrostatic  head.  Any  of  these  movements  of  the  rock  fluid  would 
concentrate  gas  and  oil  in  the  sands,  regardless  as  to  whether  the 
movements  are  continuous  across  the  sands  or  oscillating,  because  cap- 
illarity pulls  water  out  of  sand  into  shale  with  greater  force  than  it  exerts 
on  gas  and  oil,  and  because  capillarity  offers  greater  resistance  to  the 
passage  of  water  from  shale  into  sand  than  it  offers  to  gas  and  oil.  The 
recognition  of  this  principle  is  the  first  step  in  the  clarification  of  the 
local  lithologic  distribution  of  gas  and  oil. 

In  dry  rocks  there  could  be  no  capillary  concentration  of  oil.  In  the 
absence  of  water,  oil  would  be  drawn  into  the  finest  pores  and  would 
be  widely  diffused.  It  is  probable,  however,  that  the  pores  of  all  clay 
shales  contain  abundant  free  water,  in  addition  to  the  adsorbed  mois- 
ture, except  in  dry  regions  near  the  ground  surface.  A  rock  like  the  so- 
called  oilnahale  of  western  Colorado  and  Utah  might  conceivably  be  formed 
by  the  capillary  impregnation  of  layers  of  fine  porous  limestone  by  oil 
which  ascended  through  fissures  into  the  dry  rocks  near  the  surface. 
Since  the  pores  of  the  limey  layers  are  as  fine  as  those  in  shale  the 
bituminous  layers  could  not  be  formed  by  capillary  concentration  in 
wet  rocks.  On  the  other  hand  productive  deposits  of  oil  and  of  gas,  which 
are  limited  strictly  to  coarse-grained  rocks  and  fissures,  cannot  be  formed 
in  the  complete  absence  of  water,  nor  if  formed  could  they  long  exist  in 
dry  rocks,  because  they  would  be  destroyed  by  capillary  diffusion  into  the 
finer  pores. 

There  is  both  an  upper  and  a  lower  limit  to  the  diameters  of  pores  in 
which  capillary  action  can  take  place.  The  capillary  action  of  pure  water 
is  nil  in  tubes  over  0.508  mm.  diameter,  and  in  smooth  fissures  over 
0.254  mm.  wide.  Openings  larger  than  this  exert  no  attraction  on 
water,  and  when  present  they  are  the  most  favored  loci  of  the  capillary 
concentration  of  oil  and  gas,  because  water  is  the  mo&t  effectively  re- 
moved from  them.  Capillary  action  of  an  average  crude  oil  is  nil  in 
tubes  over  0.2  mm.  diameter  and  in  fissures  over  0.1  mm.  wide,  yet  open- 
ings of  this  class  are  favored  in  the  concentration  of  oil,  because  water 
is  the  controlling  medium,  and  it  is  drawn  into  the  finer  openings  with 
about  three  times  the  capillary  force  of  oil,  which  tends  to  be  left  behind 
in  the  larger  openings.  The  water  tends  to  displace  the  gas  and  oil  in 
the  smaller  openings,  shoving  them  into  the  bigger  spaces. 


Digitized  by 


Google 


2370  THE   CAPILLAKT  CONCENTRATION   OF   GAS  AND   OIL 

The  minimum  diameter  of  capillary  openings  is  somewhat  uncertain. 
It  is  usually  placed  at  0.0002  mm.  for  tubes  and  at  0.0001  mm.  for  plane 
fissures.  Owing  to  the  great  friction  in  such  small  openings,  the  rate  of 
flow  is  almost  negligible/®  and  there  is  little  need  to  consider  their  cap- 
illary action.  According  to  theory,  capillary  action  must  cease  when  a 
pore  becomes  so  small  that  there  is  not  room  for  two  or  more  molecules 
of  water  to  pass  through  it  together,  that  is,  in  the  case  of  a  fissure  when 
its  width  becomes  less  than  twice  the  radius  of  the  sphere  of  molecular 
action.  Quincke"  finds  that  the  range  of  molecular  attraction  of  water 
is  about  0.00005  mm.  This  indicates  that  the  minimum  diameter  of 
capillary  openings  is  0.0001  mm.  for  fissures,  and  probably  twice  as  much 
or  0.0002  mm.  for  tubes. 

Capillary  Pressure 

The  maximum  theoretical  pressures  developed  by  capilliary  action 
are  those  developed  in  the  finest  tubes  in  which  capillary  action  is 
possible.  Johnston  and  Adams"  have  calculated  these  capillary  pres- 
sures for  the  temperatures  prevailing  at  various  depths,  but  they  prob- 
ably err  in  extending  their  calculations  to  tubes  as  fine  as  0.00001  mm. 
(0.01  micron),  which  gives  20  times  the  theoretical  maximum  pressures. 
The  work  of  Quincke  and  of  Lord  Raleigh  shows  that  there  can  be  no 
capillary  action  in  such  small  tubes.  Accepting  the  assumptions  of 
Johnston  and  Adams,  and  the  minimum  diameter  of  0.0002  mm.  for 
tubes,  the  maximum  capillary  pressures  developed  by  pure  water  will 
have  the  values  shown  in  the  following  table.  The  capillary  pressures 
of  a  salt  water  such  as  that  common  in  oil  fields,  would  exceed  these 
values  by  about  5  per  cent. 

Approximate  Maximum  Capillary  Pressures 
Diameter  of  Pores,  0.0002  mm.  (0.2  n). 
Temperature  Gradient,  V  C.  per  30  m. 

Depth,                   Pressure,                         Depth,  Pressure, 
Meters                 Atmospheres                     Meters                  Atmospheres 

100                           16.0                             2,000  12.1 

200                           14.6                              6,000  7.8 

600                            14.1                            10,000  1.0 

1,000                            13.6                            20,000  0.0 

Assuming  a  temperature  gradient  of  1°  C.  per  30  m.,  as  in  the  pre- 
ceding table,  it  is  evident  that  capillary  action  loses  about  half  of  its 
force  at  a  depth  of  5,000  m.     Since  the  heat  increases  more  rapidly  down- 

^^  See  calculations  by  Johnston  and  Adams,  Journal  of  Geology,  vol.  xxii,  pp. 
1-15  (1914). 

*^  Poggendorff  Annalen,  cxxxvii,  p.  402. 
^*  Loc.  cU. 
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ward  in  many  oil  fields,  it  is  probable  that  the  capillary  force  decreases 
half  at  depths  of  3,000  or  4,000  meters,  below  which  it  becomes  prac- 
tically ineflfective.  Moreover  the  surface  tensions  of  all  but  the  lightest 
hydrocarbons  decrease  much  less  rapidly  than  that  of  water  for  each 
increment  of  temperature,  so  that  the  surface  tension  of  water  does  not 
have  such  great  excess  over  that  of  oil  at  these  depths.  Hence  it  is 
probable  that  the  capillary  concentration  of  oil  and  gas  must  all  be  ef- 
fected within  4,000  or  6,000  meters  of  the  ground  surface.  Oil  in  deeper 
strata  must  remain  diffused  in  the  shales,  if  that  were  its  original  dis- 
tribution, unless  it  was  concentrated  in  the  sands  at  some  former  period 
when  the  strata  concerned  were  closer  to  the  surface. 

It  will  be  observed  fj'om  the  preceding  table  that  even  the  maximum 
capillary  pressures  are  wholly  inadequate  to  account  for  the  high  pressures 
in  oil  and  gas  fields.  Nor  is  it  probable  that  capillarity  contributes  any- 
thing to  the  total  pressure  on  a  body  of  oil  or  gas,  since  the  capillary  pres- 
sure operates  in  the  opposite  direction,  i.e.,  toward  the  finer  pores  and  is 
really  a  pull  from  the  larger  pores,  or  a  negative  pressure.  It  would  de- 
crease the  pressure  of  the  collected  oil  in  the  sand  were  it  not  for  the 
return  of  fresh  oil  and  gas  displaced  from  the  shale,  which  nearly  counter- 
balances the  partial  vacuum  that  capillarity  tends  to  make.  Therefore 
it  is  necessary  to  abandon  previous  assumptions  that  capillary  action 
may  contribute  to  the  high  pressures  in  oil  fields,  the  mysterious  source 
of  which  mtist  be  sought  elsewhere. 

Possibly  the  high  pressure  is  an  effect  of  the  upward  migration  of  the 
rock  fluids  (mostly  water,  nitrogen  and  methane)  which  are  subjected  to 
outward  pressures  of  deep-seated  origin.  If  we  accept  the  plausible 
assumption  that  the  rock  pores  and  fine  fissures  are  continuous,  and  that 
they  extend  downward  to  the  zone  of  rock  flowage,  it  is  apparent  that 
this  deep  connection  would  cause  the  abyssal  gases  and  liquids  to  press 
upon  those  above,  raising  their  pressure  above  the  normal  hydrostatic 
pressure,  and  tending  to  crowd  them  toward  the  surface.  An  impercep- 
tible outward  translation  of  the  rock  fluids  en  masse  would  be  sufficient 
to  explain  the  excess  pressures  in  oil  fields.  The  capillary  penetration 
of  the  abyssal  fluids  need  not  approach  the  base  of  the  sedimentary 
strata  to  account  for  the  increased  pressure  in  sands  far  above  them. 
However  there  are  some  phenomena  such  as  the  excess  temperature  in  oil 
sands,^*  the  excess  of  chlorine  in  oil-field  waters,^*  and  the  great  amount 
of  helium  and  argon  in  natural  gas,^*  which  suggest  that  the  upward 
migration  in  oil  regions  may  be  more  extensive  than  the  excess  pressure 


"  Hdfer,  Temperature  in  Oil  Regions,  Economic  Geology,  vol.  vii,  No.  6,  pp.  536- 
541  (September,  1912). 

"  Washbume,  ChJoridesin  Oil-Field  Waters,  BuUelin  No.  87,  pp.  375-381  (March, 
1914). 

^*  Gady  and  McFarland,  UnixersUy  Geological  Survey  of  Kansas,  vol.  ix  (1908). 
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would  seem  to  require,  and  that  possibly  some  fluids  of  abyssal  origin 
may  be  penetrating  far  through  the  sedimentary  strata.** 

Time 

In  tubes  approaching  the  minimum  capillary  diameter  the  rate  of 
flow  from  capillary  action  would  be  negligible.  But  in  pores  of  0.001 
mm.  diameter,  which  is  of  the  same  order  of  magnitude  as  the  inter- 
granular  pores  in  shale,  the  capillary  movement  of  water  would  be 
about  15  X  10~*  c.c.  per  year."  In  a  rock  containing  10  per  cent,  of 
pore  space,  this  would  result  in  a  flow  of  about  16  c.c.  across  each  square 
centimeter  per  year.  Probably  half  of  this  amount,  or  about  7  c.c.  per 
square  centimeter  per  year,  corresponds  more  closely  to  the  factors  of 
flow  imposed  by  the  porosity  of  ordinary  clay  shale.  This  amount  of 
flow  seems  quite  adequate  to  produce  capillary  concentration  in  a  geo- 
logical period,  but  not  in  short  time.  In  10,000  years  the  movement,  if 
continuous,  would  amount  to  700  m.  However  the  movement  would 
not  be  continuous,  but  would  vary  in  direction,  with  the  changes  in  pore 
diameter,  etc.,  and  only  small  distances  could  be  traversed  directly  by 
capillary  pull.  The  actual  amount  of  capillary  movement  required 
rarely  would  exceed  a  few  meters,  since  most  shales  are  cut  by  fine  fis- 
sures, in  which  the  oil  would  first  be  collected  by  capillary  exchange 
for  water.  In  big  shale  formations  the  fine  capillary  fissures  probably 
gather  the  oil  from  its  original  disseminated  distribution  in  the  shale, 
and  pass  it  on  to  the  coarser  joints  and  pores  of  the  sandstones.  The 
fine  fissures  of  shale  offer  much  less  resistance  to  the  flow  of  oil  than  the 
rock  itself,  through  which  the  flow  need  be  only  that  required  to  reach 
a  fissure.  Under  the  principles  here  advanced,  the  capillary  flow  of  oil 
in  wet  rocks  should  tend  always  toward  the  larger  openings. 

Moreover,  it  is  not  necessary  to  assume  that  all  of  the  movement  in 
the  pores  is  due  to  capillarity.  Doubtless  there  are  other  slow  motions 
of  the  underground  fluids  arising  from  various  causes.  Any  motions  of 
the  rock  fluids,  whether  continuous  or  intermittent,  direct  or  reversed,  or 
oscillating,  would  assist  in  the  concentration  of  oil  and  gas  in  the  larger 
openings,  because  water  always  would  enter  the  finer  capillaries  with 
greater  ease  than  oil  or  gas  and  would  leave  them  with  greater  difficulty. 
The  more  to-and-fro  movement  of  these  fluids  between  shale  and  sand- 
stone, or  between  shale  and  fissures,  the  more  perfect  will  be  the  capillary 
concentration  of  oil  and  gas  in  the  sands  and  fissures. 

A  factor  which  tends  to  increase  the  perfection  of  this  concentration 

^*  Moreau  and  Lepage  argue  the  abyssal  origin  of  the  nitrogen  and  associated  rare 
gases  in  ooal  mines  and  in  thermal  springs.     Academy  of  Science,  Paris  (Mar.  23, 1914); 
abstract  in  Revue  Sdentifique,  52*  Ann^,  p.  442  (1914). 
^^  Johnston  and  Adams,  loc,  cU.,  p.  14. 
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is  found  in  the  behavior  of  water  vapor,  which  is  evaporated  from  sur- 
faces of  large  curvature  at  the  same  time  that  it  is  condensed  upon 
surfaces  of  sharp  curvature*  In  this  way  water  is  passed  from  the  coarse 
pores  of  sandstone,  and  from  fissures,  to  the  fine  pores  of  shale.  The 
vapor  transfer  will  begin  as  soon  as  capillary  concentration  has  partly 
filled  the  sand  with  gas,  and  thereafter  it  wUl  supplement  that  process. 
This  may  explain  the  dryness  of  natural  gas. 

Extended  Application.    Dry  Sands 

Capillary  concentration  must  operate  on  any  of  the  gases  present  in 
the  rock  pores.  These  consist  of  nitrogen  (which  commonly  is  dis- 
tinguished from  atmospheric  nitrogen  by  its  relatively  high  content  of 
argon  and  helium),  of  methane  and  of  carbon  dioxide.  Oxygen  prob- 
ably does  not  occur  in  the  deep  gases  except  in  rare  traces,  and  samples 
containing  it  probably  are  contaminated  with  air.  The  capillary  con- 
centration of  nitrogen  in  sands  is  exemplified  by  the  great  nitrogen  well 
of  North  Dakota,  and  by  the  gas  of  the  western  fields  of  Kansas,  which 
in  places  contains  over  80  per  cent,  of  nitrogen  that  is  notably  rich  in 
argon  and  helium.  Gases  rich  in  carbon  dioxide  are  rare,  outside  of 
California,  and  the  disappearance  of  the  great  quantities  of  this  gas 
which  would  be  formed  by  the  decomposition  of  organic  matter,  is  an 
unexplained  difficulty  of  the  organic  theories.  All  of  these  principal 
rock  gases  are  concentrated  in  the  coarser  pores  by  capillary  action. 

Capillary  concentration  does  not  of  itself  produce  pressure.  Many  of 
the  deep  sands  of  the  Appalachian  and  other  regions  are  apparently  dry, 
yet  they  do  not  contain  enough  gas  under  pressure  to  cause  much  es- 
cape when  they  are  penetrated  by  the  drill.  Doubtless  the  sands  were 
once  full  of  the  water  in  which  they  were  deposited,  but  now  they  ab- 
sorb some  of  the  water  used  in  drilling.  Their  dryness  may  be  explained 
by  the  process  of  capillary  concentration,  as  well  as  in  other  ways. 

The  process  should  operate  effectively  in  all  sands  in  which  there 
is  no  very  active  supply  of  water,  but  not  in  sands  like  the  Dakota  of 
most  western  localities,  where  there  is  an  artesian  circulation  that  would 
overcome  the  capillary  withdrawal  of  water.  In  sands  of  this  type  the 
process  would  be  effective  only  in  places  which  are  protected  from  rapid 
water  circulation  by  structural  peculiarities  or  other  causes. 

Weakening  of  Water  "Films" 

There  are  two  main  elements  of  possible  weakness  in  the  preceding 
hypothesis:  First,  the  weakening  of  the  capillary  force  of  water  by  con- 
tamination with  oil,  and  second,  the  high  resistance  of  bubbles  to  cap- 
illary flow.    A  thin  film  of  oil  or  other  greasy  substance,  amounting  to 
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only  an  invisible  trace,  greatly  lowers  the  tension  of  a  water-gas  surface, 
reducing  it  almost  to  that  of  an  oil-gas  surface.  Moreover,  there  is 
considerable  tension  on  the  water-oil  surface,^*  which  in  the  case  of  light 
oils,  is  nearly  equal  to  the  tension  on  an  oil-gas  surface.  In  a  capillary 
tube  the  water-oil  surface  is  concave  toward  the  oil.  In  other  words,  a 
water-oil  surface  exhibits  the  same  capillary  phenomena  as  a  water-air 
surface,  the  difference  being  only  one  of  degree.  The  capillary  force  of 
a  water-oil  surface  is  decreased  very  little  by  the  slight  angle  of  contact 
of  the  surface  with  the  pore  walls,  and  it  amounts  approximately  to  one- 
third  that  of  a  water-air  surface.  Hence  the  capillary  behavior  of  water 
and  oil  is  nearly  the  same  as  that  of  water  and  air,  and  there  is  a  constant 
tendency  for  water  to  be  pulled  into  fine  capillaries  previously  occupied 
by  oil.  This  tendency  is  demonstrated  experimentally  by  the  familiar 
damage  to  a  lamp  flame  produced  by  a  little  water  at  the  bottom  of  the 
lamp's  reservoir.  If  the  wick  touches  the  water,  the  latter  rises  through 
the  capillaries  previously  filled  with  oil,  makes  the  flame  splutter,  and 
often  extinguishes  the  light.  In  the  same  way  water  will  pass  from  the 
coarse  spaces  of  sand  or  from  fissures  into  the  fine  capillaries  of  shale, 
displacing  the  oil,  which  is  thereby  forced  into  the  sand  through  neigh- 
boring pores.  Thus,  the  weakening  of  the  oil-gas  surfaces  by  contami- 
nation with  oil,  is  counterbalanced  in  part  by  the  capillary  action  of  the 
water-oil  surfaces. 

Effect  of  Capillary  Gas  Bubbles 

The  second  element  of  possible  weakness  in  the  hypothesis  lies  in  the 
high  resistance  to  liquid  flow  offered  by  bubbles  of  gas  and  by  drops  of 
an  immiscible  liquid.  If  a  fine  capillary  tube  be  Allied  with  water  con- 
taining bubbles  of  air,  so  that  the  bubbles  are  strung  along  the  tube  in 
alternation  with  drops  of  water,  a  pressure  difference  of  over  one  atmos- 
phere is  required  to  produce  flow  in  the  tube.  The  various  water-air 
films  appear  to  cUng  rather  tenaceously  to  the  walls,  and  each  seems  to 
take  up  a  part  of  the  external  pressure  by  a  slight  change  of  curvature. 
The  action  of  the  pressure  is  analogous  to  a  vertical  pull  or  push  on  a 
horizontal  weighted  cable  supported  at  the  ends.  A  certain  amount 
of  energy  must  be  expended  in  lifting  or  depressing  the  central  part  of  the 
cable,  and  in  changing  its  form  of  curvature,  before  its  terminal  supports 
are  affected.  A  series  of  drops  of  oil  or  of  gas  in  water,  is  divided  by  twice 
as  many  catenoidal  "films,"  stretched  across  the  capillary,  among  which 
the  applied  pressure  is  distributed,  so  that  the  total  resistance  of  a  long 
series  of  such  drops  in  a  fine  tube  is  very  high. 

^^  Quincke  found  a  tension  of  28.9  dynes  per  centimeter  on  a  surfac  separating 
water  and  petroleum .  Poggendorff  A nnalen,  vol.  cxxxix,  as  corrected  by  Worthington, 
Philosophical  Magaziney  vol.  xx  (1885). 
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Rock  pores,  however,  are  not  single  tubes,  but  the  most  irregular 
passages  between  the  grains  of  rock,  having  countless  lateral  and  longi- 
tudinal connections  by  means  of  which  many  of  the  little  water  bodies 
communicate  with  each  other.  They  become  single  bodies  as  regards 
their  tensional  forces,  which  tend  so  to  draw  them  together  as  to  reduce 
the  total  area  of  their  surfaces.  The  minute  bodies  of  oil  and  of  gas  have 
a  similar  tendency  when  connected  in  any  way,  however  devious.  All  the 
drops  and  bubbles  of  the  three  fluids  must  grow  into  larger,  more  com- 
pact, bodies.  Thus  a  condition  of  many  small  alternating  bubbles  of 
gas  and  drops  of  liquid  could  not  exist  very  long  in  the  rock  pores,  and 
they  could  offer  only  temporary  resistance  to  capillary  flow. 

Geologists  sometimes  appeal  to  hypothetical  emulsions  as  a  means 
for  the  migration  of  oil.  This  is  wrong.  For  the  reasons  stated  above 
minute  bodies  of  oil  can  have  only  temporary  existence  when  compared 
with  the  long  time  required  for  geological  processes.  Surface  tension 
will  soon  destroy  an  emulsion  of  water  and  petroleum,  and  moreover  the 
high  viscosity  of  emulsions  would  prevent  their  migration  through  fine 
pores.  There  is  no  reason  for  believing  in  the  existence  of  any  natural 
oil  emulsions  before  the  final  rush  of  the  oil  and  water  out  of  the  rock 
pores  into  an  open  well. 

The  Anticlinal  Theory 

The  r61e  of  capillarity  in  producing  the  anticlinal  distribution  of  oil 
requires  consideration. 

Whenever  light  oil  touches  a  water-air  surface,  it  is  immediately 
spread  over  the  surface  and  retained  by  surface  tension.  A  heavy  oil  is 
retained  with  nearly  equal  strength,  but  after  spreading  a  molecular  film 
of  its  lightest  elements  over  the  surface  of  the  water,  it  gathers  itself  into 
a  drop,  or  remains  as  an  irregular  thick  mass.  If  a  bubble  of  gas  rising 
through  water  touches  a  globule  of  oil  the  two  immediately  unite,  and 
the  oil  forms  a  thin  continuous  shell  about  the  gas  bubble.  Johnson 
has  suggested  that  this  process  may  explain  the  accumulation  of  oil  at 
the  top  of  water-soaked  anticlines,  the  oil  having  been  Ufted  bit  by  bit 
on  bubbles  of  gas. 

The  theory  is  plausible  and  better  than  the  old  assumption  that  the 
difference  in  density  between  water  and  oil  caused  particles  of  oil  to  rise 
to  the  highest  saturated  parts  of  sands.  It  should  be  noted,  however, 
that  the  volume  of  gas  required  is  many  times  (probably  100  times) 
the  volume  of  the  oil  which  it  could  lift  in  this  way;  also  that  small 
masses  such  as  bubbles  or  drops,  do  not  have  sufficient  defect  in  weight 
to  be  forced  upward  through  fine  pores.  Before  gravity  can  move  them 
it  is  necessary  for  the  globules  of  oil  and  gas  to  be  united  into  larger  masses 
by  surface  tension  as  described  above.  Not  until  then  can  the  lifting 
force  on  a  body  of  gas  or  oil  be  sufficient  to  cause  its  ascent. 

Digitized  by  LjOOQ  IC 


2376  THE   CAPILLARY  C0NCBNTRA1  ION   OP  GAS  AND   OIL 

It  is  probable  that  very  large  bodies  of  oil  must  be  gathered  before 
they  displace  suflScient  water  to  receive  a  pressure  competent  to  force 
them  upward  against  the  friction  of  irregular  rock  pores.  A  very  simple 
demonstration  of  this  fact  may  be  made.  Take  a  basin  of  water,  and 
with  a  pipette  or  fountain-pen  filler  squeeze  drops  of  oil  against  the  bot- 
tom and  sides  of  the  vessel.  It  will  be  observed  that  most  of  the  drops 
cling  persistently  to  the  vessel  and  do  not  rise  through  the  water.  The 
force  holding  them  is  not  surface  tension  because  the  same  surface  energy 
prevails  when  the  drops  are  free.  Gravity  does  not  dislodge  the  drops, 
which  can  be  effected  only  by  stirring  the  water  or  by  tapping  the  vessel. 
The  force  holding  the  drops  is  merely  the  friction  of  contact,  yet  if 
lone  of  the  same  drops  was  spread  out  in  the  pores  of  an  ordinary  oi 
sand,  the  area  of  soUd  contact  and  therefore  the  external  friction  would 
be  from  50  to  200  times  greater.  The  gravitative  lifting  force  on  each 
drop  would  be  the  same  as  in  the  open  vessel,  and  conclusively  it  could 
not  move  the  drop  of  oil  against  the  greater  friction  in  the  pores  of 
a  sandstone.  This  confirms  the  contention  of  Munn  that  gravity  is 
not  competent  to  cause  the  accumulation  of  oil  above  water  in 
anticlines,  etc. 

The  following  working  hypothesis  is  suggested  to  explain  the  common 
anticlinal  distribution  of  oil.^*  First,  the  oil  and  gas  must  be  gathered 
in  the  sands  by  capillary  concentration.  Second,  the  oil  and  gas  must 
be  segregated  by  the  effects  of  surface  tension  into  bodies  large  enough  to 
be  lifted  by  gravity,  i.e.,  into  bodies  so  large  that  the  difference  between 
their  weight  and  that  of  the  displaced  water  is  sufiicient  to  drive  them 
upward  through  the  pores  of  the  sand.  Whether  the  volumes  of  such 
bodies  would  be  a  few  liters  or  many  cubic  meters  is  a  point  requiring 
further  study,  but  they  are  certainly  of  much  higher  order  of  magnitude 
than  the  drops  of  oil  of  the  preceding  experiment. 

It  is  improbable  that  surface  tension  can  gather  oil  into  bodies  large 
enough  for  the  preceding  requirement.  Therefore  a  third  process  or 
stage  is  now  postulated.  Gas  rises  through  water-saturated  sand  prob- 
ably 300  to  500  times  as  readily  as  water.*®  This  may  account  for  the 
fact  that  the  tendency  of  gas  fields  toward  anticlinal  distribution  is 
much  stronger  than  that  of  oil  fields.  It  is  therefore  much  easier  to 
assume  that  gravity  can  collect  gas  at  the  top  of  anticlines  than  it  is  to 
assume  the  less  probable  condition  that  it  can  lift  oil  through  the  rock 
pores  to  a  similar  position. 

^*  Other  working  hypotheses  are  under  consideration. 

*o  This  approximation  is  based  on  the  fact  that  the  lifting  force  of  water  displace- 
ment applied  on  a  given  volume  of  gas  would  be  about  7  times  the  lifting  force  on  the 
same  volume  of  oil,  combined  with  the  moderate  assimiption  that  oil  wo\ild  suffer  from 
40  to  70  times  as  much  frictional  resistance  as  gas.  Data  for  exact  calculation  are  not 
at  hand. 
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After  a  small  reservoir  of  gas  has  been  started  at  the  crest  of  an  anti- 
cline, then  whenever  circulatory  or  migratory  movements  of  the  water 
body  bring  a  particle  or  mass  of  gas  or  oil  in  touch  with  the  water-gas 
surface,  the  gas  or  oil  can  never  descend.  They  will  be  held  on  the  water- 
gas  surface  by  its  tension.  The  oil  will  first  make  a  film  along  the  top  of 
the  water,  and  any  oil  which  is  brought  in  contact  with  this  film  must 
'  join  it.  In  this  way  a  deposit  of  oil  will  be  formed  between  the  water 
and  the  gas,  and  neither  the  ascent  of  the  oil  nor  its  larger  lateral  collect- 
ing movement  in  the  sand  need  be  the  result  of  its  low  specific  gravity. 
Any  movement  of  the  water  in  the  sand,  which  would  in  time  bring  the 
various  parts  of  the  water  in  contact  with  its  upper  surface,  would  carry 
bodies  of  oil  of  all  sizes  to  the  water-gas  surface,  where  surface  tension 
would  retain  them  permanently. 

As  an  example,  imagine  a  slow  lateral  migration  of  the  water  in  a 
gently  folded  sand.  Such  slow  migration  has  probably  occurred  in  many 
oil  sands,  because  of  the  commonly  evident  differences  of  head.  Gravity 
livould  cause  the  accumulation  of  gas  in  the  sealed  arches,  and  these  ac- 
cumulations would  not  be  destroyed  if  the  sand  be  thick  and  if  the  flow 
of  water  be  very  slow.  On  the  contrary,  the  transported  apcessions  of  gas 
w^ould  increase  the  deposit.  Because  of  surface  tension,  the  transported 
masses  of  oil  would  cling  to  the  water-gas  surface  whenever  they  touched  it, 
and  later  contributions  would  cling  to  the  water-oil  surface.  Thus  an 
anticlinal  deposit  of  oil  would  be  formed  without  the  intervention  of 
^avity  except  in  the  initial  collection  of  an  anticlinal  body  of  gas. 

These  principles  hold  generally  under  any  theory  of  the  origin  of  oil. 
The  process  of  capillary  concentration  is  especially  required  by  the  or- 
ganic theory,  under  which  it  is  necessary  to  postulate  an  originally  dis- 
seminated distribution  of  the  oil  in  shale  or  limestone.  Supporters  of  the 
organic  theory  may  claim  that  the  present  absence  of  oil  in  the  pores  of 
shale  adjacent  to  the  oil  sands  is  due  to  its  rdmoval  by  capillary  action. 
Under  the  inorganic  hypothesis  it  is  not  necessary,  as  a  rule,  to  assume 
that  the  oil  ever  has  entered  the  fine  pores  of  shale.  Its  entire  migration 
may  have  been  in  fissures  and  sands,  and  it  may  never  have  been  widely 
disseminated.  All  of  these  possibilities  must  be  considered  until  someone 
shall  find  satisfactory  evidence  concerning  the  organic  or  inorganic  origin 
of  oil. 

Conclusion 

The  final  condition  of  capillary  stability  under  which  the  rock  fiuids 
come  to  rest  is  not  an  equilibrium  of  pressure,  but  rather  a  condition  of 
minimum  surface  energy.  Balanced  pressures  would  be  secured  by  the 
occupation  of  the  finest  openings  by  gas  and  oil  and  of  the  coarsest  by 
water.  Capillarity,  however,  does  not  operate  in  this  way.  It  seeks 
only  to  reduce  the  surface  energy  to  a  minimum  by  the  shortest  route, 
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which  consists  in  the  destruction  of  emulsions,  the  union  of  bubbles  and 
of  drops  of  like  substances,  and  in  the  movement  of  the  substance  of 
highest  surface  tension  (water)  into  the  finest  capillaries. 

Capillary  concentration  gathers  gas  and  oil  in  the  coarsest  spaces 
available:  In  fissures  and  super-capillary  spaces  when  present;  in  con- 
glomerates or  coarse  layers  in  sandstone;  in  sandstone  layers  in  shale;  in 
dolomitic  and  cavernous  parts  of  limestone.  It  cannot  operate  in  diy' 
rocks. 

Surface  tension  collects  the  small  bodies  of  gas  and  oil  in  a  sand  into 
larger  bodies,  which  in  the  case  of  gas  are  capable  of  gravitative  displace- 
ment by  water,  and  are  lifted  to  the  highest  position  they  can  reach. 
When  circulatory  or  other  movements  of  the  water  bring  occluded  masses 
of  oil  in  contact  with  the  water-gas  surface,  the  oil  is  held  firmly  on  the 
surface  by  its  tension.  In  this  way  a  deposit  of  oil  is  gathered  at  the  top 
of  the  water-bearing  part  of  the  sand.  In  the  absence  of  these  conditions, 
oil  could  accumulate  below  water,  as  it  does  in  some  fields. 

The  capillary  concentration  of  oil  and  gas  in  sands  and  fissures  is  an 
essential  requirement  of  the  organic  theories,  which  postulate  that  oil  was 
originally  disseminated  in  shales  and  limestones.  It  is  not  essential  to 
the  inorganic  theories,  under  which  the  phenomena  of  concentration  are 
capable  of  independent  explanation,  but  the  principles  stated  are  thought 
to  hold  true  for  all  oils  in  porous  rock,  regardless  of  their  origin. 
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[subject  to  bbvisionI 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Pittsburg  meeting,  October,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impoesible , 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  i .,  for  presentation  by  the  Secretary  or  other  representatiye  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dee.  1,  191 4.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Origin,  Mining  and  Preparation  of  Phosphate  Rock 

BT  E.  H.  SELLARDS,*  TALLAHASSEE,  FLA. 
(Pittsburg  Meeting.  October,  1914) 

Phosphate  rock  like  most  other  mineral  substances  is  found  in  nature 
in  varying  degrees  of  purity.  Of  the  impurities  that  are  present  some  are 
constituents  of  the  rock  itself;  others  are  inclusions  of  a  foreign  substance 
within  the  rock;  while  still  others  represent  merely  associated  materials  or 
minerals,  either  clinging  to  the  rock  or  found  in  cavities  and  natural 
depressions,  and  hence  largely  removed  in  mining.  Some  of  these  impur- 
ities are  distinctly  deleterious  to  the  processes  of  manufacture  for  which 
the  phosphate  is  mined,  while  others,  although  neutral  in  action  or  nearly 
so,  yet  by  their  presence  reduce  the  average  grade  of  the  rock  and  thus  add 
useless  bulk  to  the  shipment. 

It  is  the  object  of  refined  processes  of  mining  to  bring  the  product,  as 
delivered  from  the  mine,  to  the  highest  possible  grade  consistent  with 
the  market  requirements  and  demands.  This,  however,  is  not  accom- 
plished without  actual  loss  in  the  form  of  discarded  phosphate.  It  is 
evident,  therefore,  that  the  devising  of  methods  for  reducing  this  loss  in 
mining,  and  yet  maintaining  the  grade  of  the  rock  which  the  market 
requires,  is  one  of  the  serious  problems  that  the  producers  have  to  face. 

Minerals  op  Phosphate  Rock 

The  minerals  included  under  the  term  "phosphate  rock"  are  the  cal- 
cium phosphates.  Of  these,  apatite  is  perhaps  the  most  definite  and 
constant  in  composition,  although  of  this  mineral  two  varieties  are 
recognized,  namely,  fluorapatite,  Ca6(P04)8F,  and  chlorapatite,  Cas- 
(POOsCl.  Moreover,  the  calcium  of  this  mineral  may  be  partly  re- 
placed by  manganese,  forming  yet  another  mineral,  manganapatite;  or 
the  mineral  may  become  hydrated  forming  hydroapatite,  which  is  found 
as  mammillary  deposits  often  not  unlike  chalcedony  in  appearance.  *The 
term  ''phosphorite"  has  been  applied  to  the  massive  amorphous  deposits 

*  Non-member. 
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of  phosphate,  which  may  be  compact,  earthy  or  concretionary.*  Among 
other  varieties  of  apatite  may  be  mentioned  staffelite,  which  contains  a 
small  percentage  of  both  iron  and  aluminum.  It  is  of  interest  to  note 
also  that  this  variety  is  believed  to  result  from  the  action  of  carbonated 
waters  on  phosphorite,  and  hence  is  likely  to  occur  incrusting  ordinary 
phosphate  rock  acted  upon  by  carbonated  waters.  Another  variety, 
pseudoapatite,  contains  both  sulphur  and  carbon  dioxide.  Of  the  many 
other  calcium  phosphate  minerals  some  closely  approximate  apatite 
while  others  grade  into  compounds  so  variable  and  indefinite  in  composi- 
tion as  scarcely  to  be  classed  as  minerals.  The  deposits  of  phosphate 
found  in  nature  evidently  contain  a  number  of  calcium  phosphate 
minerals,  the  constituent  impurities  of  which  affect  the  market  value  of 
the  rock.  The  aluminum  phosphate,  wavellite,  should  also  be  mentioned 
since  it  is  mined  to  some  extent  as  a  source  of  phosphorous. 

Associated  Minerals 

Various  other  minerals  in  nature  are  found  associated  with  the  calcium 
phosphates.  This  association  is  sometimes  due  to  actual  relationship 
between  the  minerals.  On  the  other  hand,  the  association  of  minerals 
may  be  purely  accidental,  or  incidental  to  the  manner  of  formation  of  the 
deposits.  With  regard  to  the  related  minerals,  it  is  apparent  that  where 
the  calcium  phosphates  are  abundant,  other  phosphates  are  likely  also 
to  occur.  In  fact  it  is  scarcely  to  be  expected  that  extensive  calcium  phos- 
phate deposits  will  be  found  without  the  presence  of  at  least  a  limited 
amount  of  other  phosphate  minerals.  This  is  particularly  true  of  iron 
and  aluminum  phosphates.  These  two  bases  are  widely  disseminated  in 
nature,  and  moreover  they  combine  readily  with  phosphoric  acid  to  form 
phosphates.  Of  the  iron  phosphates,  the  mineral  vivianite,  although 
occurring  in  relatively  small  quantities,  is  widely  distributed  in  nature, 
and  may  occur  in  limited  quantities  in  phosphate  deposits,  usually  as  an 
incrustation,  or  as  an  alteration  product  of  other  minerals.  The  iron 
minerals  frequently  form  in  bogs,  and  it  is  an  observed  fact  that  the  phos- 
phate deposits  in  such  localities  not  infrequently  contain  more  iron  than  do 
the  same  deposits  when  found  on  the  uplands.  In  such  cases  the  iron  is 
doubtless  a  comparatively  recent  infiltration,  and  may  include  phosphates 
of  iron  as  well  as  oxides  and  other  iron  minerals.  Of  the  aluminum 
phosphates  a  large  number  are  known,  one  of  which,  wavellite,  as  already 
stated,  is  mined  as  a  source  of  phosphorus.    This  mineral  and  others  of 

^  Dr.  Austin  F.  Rogers,  who  is  investigating  phosphate  minerals,  states  that  phos- 
phorite or  phosphate  rock  seems  to  be  a  mixture  of  two  minerals,  amorphous  ooUo- 
phanite,  largely  a  solid  solution  of  calcium  carbonate  in  calcium  phosphate,  and  crys- 
talline dahllite,  a  calcium  carbonophosphate  with  the  formula  3Cai(P04)i.CaCOs, 
analogous  to  fluorapatite.  The  amorphous  ooUophanite  graduaUy  changes  to  the 
crystalline  dahllite.     (Personal  letter  of  May  23,  1914.) 
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the  aluminum  phosphates  are  likely  to  occur  in  association  with  calcium 
phosphate. 

Some  of  the  large  phosphate  deposits  have  been  formed  by  the  replace- 
ment of  an  original  rock  by  calcium  phosphate.  In  this  process  parts  of 
the  original  rock  not  infrequently  remain  unchanged  or  incompletely 
phosphatized.  Since  the  phosphatizing  processes  proceed  from  the  sur- 
face, the  imperfectly  phosphatized  remnant  is  likely  to  lie  within  the  rock, 
thus  ^ving  rise  to  included  impurities  that  are  difficult  to  eliminate. 
Moreover  small  amounts  of  clay  and  silica  are  usually  found  in  the  lime- 
stone, and  as  these  substances  do  not  readily  phosphatize,  if  not  leached 
out,  they  remain  as  impurities  in  the  rock. 

Aside  from  these  related  minerals,  the  materials  associated  with  the 
phosphate  rock  are  varied  in  character.  They  include  clay,  fragments -of 
limestone,  flints,  gravel,  silica  in  the  form  of  sand,  and  other  resistant 
materials,  the  character  of  which  is  determined  by  the  manner  of  forma- 
tion of  the  deposits.  The  associated  materials  of  this  nature  make  up  the 
matrix  in  which  the  phosphate  rock  is  imbedded.  It  is  scarcely  possible  in 
mining  to  remove  entirely  all  associated  minerals,  and  the  purity  of  the 
rock  as  delivered  to  the  market  is  affected,  without  doubt,  by  the  pres- 
ence of  more  or  less  of  these  minerals,  as  well  as  by  the  constituent  impuri- 
ties of  the  rock. 

Objectionable  Impurities 

Of  the  impurities  contained  in  or  associated  with  phosphate  rock,  the 
most  objectionable  in  the  processes  of  manufacture  of  acid  phosphate  for 
fertilizers,  for  which  purpose  the  phosphate  rock  is  almost  wholly  used, 
are  iron  and  aluminum.  For  this  reason  practically  all  phosphate  mined 
is  sold  under  a  guarantee  that  the  combined  iron  and  aluminum  expressed 
as  oxides,  do  not  exceed  a  given  small  percentage  of  the  whole,  from  2  to  4 
per  cent,  being  allowable.  Iron  when  present  in  excess  of  about  2  per 
cent,  brings  about  reactions  which  result  in  the  formation  of  a  gelatinous 
substance  injurious  to  the  mechanical  condition  of  the  mixture,  occasion- 
ing also  a  loss  of  soluble  phosphoric  acid.  A  first  step  in  the  reaction  with 
the  iron  is  probably  as  follows:  2FeP04  +  3H2SO4  =  2H8PO4  +  Fe- 
(804)3.  Of  thesulphate  of  iron  thus  formed,  a  part,  according  to  Fritsch,* 
reacts  on  acid  phosphate  of  lime  thus  forming  the  objectionable  gelatinous 
precipitate.  Owing  to  the  demand  of  calcium  sulphate  for  water, 
hydrated  iron  phosphate,  which  is  a  product  of  these  reactions,  may  sub- 
sequently become  dehydrated  and  insoluble,  thus  causing  the  loss  of 
available  phosphoric  acid. 

Aluminum  existing  as  a  silicate  in  phosphate  rock  is  likely  to  be 
injurious,  since  according  to  Fritsch,  if  not  decomposed  by  the  acid,  it 


*  J.  Fritsch:  The  Manufacture  of  Chemieal  Manures,  p.  79  (1911). 
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may  cause  a  part  of  the  phosphoric  acid  to  retrograde.  However,  when 
existing  in  the  rock  in  small  amounts  as  a  phosphate,  the  aluminum  is 
supposed  not  to  occasion  a  loss  of  phosphoric  acid,  both  the  hydrated 
and  the  non-hydrated  phosphate  being  soluble  in  the  precipitated  condi- 
tion in  phosphoric  acid. 

Carbonates  of  calcium  when  existing  in  small  quantities  in  phosphate 
rock,  are  beneficial  rather  than  injurious.  When  the  ground  rock  is 
treated  with  acid  the  carbonate  is  the  first  of  the  ingredients  to  be 
attacked,  and  the  heat  thus  engendered  promotes  subsequent  reactions 
among  the  other  constituents.  Moreover  the  carbon-dioxide  gas  given 
off  from  the  carbonate,  lightens  the  mixture  and  facilitates  drying.  Phos- 
phate rock  low  in,  or  lacking  carbonate  develops  little  heat  in  mixing, 
and  reacts  slowly.  In  such  cases  this  constituent  must  be  added.  It  is 
true  that  the  presence  of  the  carbonate  necessitates  the  use  of  an  increased 
amount  of  acid,  which  in  turn  results  in  the  formation  of  an  increased 
amount  of  calcium  sulphate  or  gypsum.  The  amount  of  carbonate  that  is 
desirable  is  sometimes  given  as  5  per  cent.,  but  the  limits  are  not  strict, 
and  the  manufacturers  do  not  as  a  rule  find  it  necessary  to  specify  directly 
the  amount  of  the  carbonate  that  the  rock  must  or  must  not  contain. 
Indirectly,  however,  an  excess  of  the  carbonate  is  guarded  against  by  other 
requirements  as  to  the  grade  of  the  rock.  If  it  is  true  as  elsewhere  stated 
in  this  paper  that  the  principal  mineral  of  the  massive  phosphate  deposits 
is  a  calcium  carbono-phosphate,  this  fact  will  afford  an  explanation  of  the 
presence  of  the  desired  amount  of  carbonate  in  all  phosphate  deposits  of 
this  class. 

The  fluorine  found  in  phosphate  rock,  upon  being  attacked  by  the  acid, 
forms  hydrofluoric  acid  gas  which  passes  into  the  atmosphere,  it  being 
estimated  that  as  much  as  from  50  to  66f  per  cent,  of  the  fluorine 
present  is  eliminated  in  this  way.  Although  a  small  amount  of  acid  is 
used  up  in  this  reaction  and  a  proportionate  amount  of  calcium  sulphate 
formed,  yet  it  is  seldom,  if  ever,  necessary  to  specify  against  the  fluorine 
content  of  the  rock,  the  amount  present  being  negligible. 

Among  the  numerous  other  impurities  that  may  be  present  in  phos- 
phate rock,  silica  and  clay  are  perhaps  the  most  common.  Here  also 
should  be  mentioned  moisture,  which  when  present  not  only  adds  bulk 
to  the  shipment  but  also  interferes  with  the  processes  of  manufacture. 
The  excess  of  moisture  must,  therefore,  be  removed  by  drying,  not  more 
than  3  or  4  per  cent,  being  allowable  in  the  rock  as  shipped. 

The  Origin  op  Phosphate  Deposits 

The  origin  of  phosphate  deposits  is  such  that  the  presence  of  associated 
minerals  as  well  as  constituent  impurities  is  almost  invariable.  The 
original  source  of  phosphorus,  the  constituent  for  which  phosphate  rock 
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is  mined,  is  in  igneous  and  crystalline  rocks,  where  it  exists  in  combination 
with  other  elements  forming  phosphate  minerals.  These  minerals,  as 
indeed  is  true  of  all  minerals,  are  soluble  in  water,  the  degree  of  solubility, 
however,  varying  with  the  dUEferent  minerals,  and  with  the  diverse  condi- 
tions to  which  they  are  subjected.  Indeed  some  very  interesting  and  sug- 
gestive observations  have  been  made  on  the  relative  solubility  of  phos- 
phates under  varying  conditions.  Thus  it  has  been  shown  that  the  solu-* 
bility  of  the  phosphate  minerals  is  increased  by  the  presence  of  decajdng 
organic  matter  in  water.  They  have  also  been  found  to  be  appreciably 
soluble  in  carbonated  waters.  In  this  connection  Reese'  has  made  the 
very  important  observation  that  while  the  phosphate  dissolves  freely  in 
waters  containing  decaying  organic  matter  and  in  carbonated  waters, 
yet  when  allowed  to  stand  over  calcium  carbonate,  the  phosphate  is  rede- 
posited.  In  summing  up  his  observations  Reese  says:  "This  experiment 
shows  that  phosphates  may  be  transported  in  hard  waters,  but  on  standing 
on  calcareous  beds  would  tend  to  be  given  up."  In  speaking  of  hard 
waters  the  author  evidently  has  in  mind,  waters  containing,  among  other 
things,  carbon  dioxide  in  solution,  and  his  conclusion  is  that  such  waters 
will  or  may  drop  the  calcium  phosphate  from  solution  when  they  stand 
over  limestone.  These  observations,  if  true,  have  two  important  corol- 
laries, one  of  which  has  been  noted  by  Clarke,*  namely,  that  in  the  pres- 
ence of  the  carbonate,  the  phosphate  would  probably  not  be  dissolved, 
while  the  carbonate  could  pass  into  solution,  thus  leaving  the  enriched 
residue  of  phosphate.  The  second  corollary  is  that  calcium  phosphate 
taken  into  solution  by  the  soil  waters  at  and  near  the  surface  may  be 
thrown  out  of  soIutioVi  in  case  the  water  stands  for  a  time  at  a  lower  level 
in  the  earth  on  or  over  limestones.  That  this  process  may  have  been  and 
probably  was  a  factor  in  the  formation  of  large  phosphate  deposits  rest- 
ing upon  limestone  will^be  shown  in  the  subsequent  pages  of  this  paper. 

The  rain  water  in  passing  through  the  soil  and  surface  materials 
receives  organic  acids  from  the  decay  of  vegetable  and  animal  matter.  It 
also  receives  carbonic  acid  which  is  held  in  solution,  the  water  thus 
becoming  carbonated,  and  hence  more  efficient  as  a  solvent.  The  original 
rocks  and  the  soils  derived  from  them  contain  particles  of  the  phosphate 
minerals,  which  when  acted  upon  by  the  ground  waters  pass  slowly  into 
solution.  It  is  through  the  solution  of  the  mineral,  its  removal  and  sub- 
sequent redeposition  that  workable  phosphate  deposits  are  formed. 
When  it  is  remembered  that  the  phosphorus  in  the  igneous  rocks  amounted 
to  merely  a  fractional  part  of  1  per  cent,  of  the  whole,*  and  was  without 


'  American  Journal  of  Sdence,  3d  Series,  vol.  xliii,  p.  402  (1892). 

*  BuUeiin  No.  330,  U,  S.  Geological  Survey,  p.  443  (1908). 

*  According  to  Clarke,  BuUetin  330,  U.  S.  Geological  Survey,  p.  32  (1908)  the  amount 
of  phosphoruB  in  the  lithosphere  is  0.11  per  cent. 
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doubt  originally  widely  disseminated,  the  importance  of  the  processes  of 
concentration  of  the  mineral  by  ground  water  and  the  extent  to  which 
they  have  operated  becomes  evident. 

The  removal  of  the  mineral  from  the  original  rocks  and  its  concentra- 
tion in  later  rocks  is  by  no  means  a  simple  process.  There  are  as  a  rule 
many  intermediate  stages,  the  load  being  taken  up,  dropped  again  for  a 
time,  only  to  be  once  more  started  on  its  journey.  Among  the  primary 
results  of  concentration  and  enrichment  may  be  mentioned  the  phos- 
phate deposits  of  the  crystalline  rocks,  where  the  mineral  is  found  in 
veins,  being  more  or  less  perfectly  crystallized  as  the  mineral  apatite.  Of 
deposits  of  this  class  some,  including  those  of  Canada,  are  of  economic 
importance,  and  would  be  more  extensively  worked  were  it  not  that  other 
and  more  cheaply  mined  phosphate  deposits  are  available. 

Of  the  phosphate  taken  into  solution  by  the  ground  water  a  part  is 
taken  up  from  the*  soils  through  the  roots  of  plants,  and  thus  becomes  a 
constituent  of  the  plant  life  of  the  earth.  From  the  plants  the  phos- 
phorus passes  to  plant-eating  animals,  and  through  them  to  carnivorous 
animals.  Phosphorus  thus  becomes  a  constituent  of  the  organic  life  of 
the  earth.  The  bones  of  the  vertebrate  animals  in  particular  contain  an 
appreciable  amount  of  calcium  phosphate.  It  seems  well  established  also 
that  certain  of  the  important  phosphiate  deposits,  as  well  as  the  guano 
deposits,  are  derived  from  excrement  and  remains  of  gregarious  animals, 
particularly  birds.  It  is  also  true  that  a  part  of  the  phosphate  taken  into 
solution  by  the  ground  waters  is  again  thrown  out  owing  to  changed  chem- 
ical conditions,  and  in  this  way  important  phosphate  deposits  are  formed. 
In  either  case,  however,  the  phosphate  may  be  regarded  as  only  tempora- 
rily delayed  in  its  round  of  circulation.  Ultimately  phosphate  is  carried 
in  solution  in  the  ground  waters  through  springs  and  rivers  to  the  ocean. 
While  the  amount  in  solution  at  any  one  time  is  relatively  small,  yet, 
through  the  continued  operation  of  this  agency  over  long  periods  of  time, 
a  large  amount  has  reached  the  ocean. 

The  phosphate  carried  into  the  ocean  is  again  removed  from  solution 
through  the  agency  of  organic  life,  or,  owing  to  changed  chemical  condi- 
tions, is  precipitated.  Of  the  animals  that  utilize  phosphorus  taken 
from  the  sea  water  in  the  construction  of  a  shell  covering  or  skeleton, 
the  best  known  perhaps  is  the  brachiopbd,  lingvla,  the  shell  of  a  recent 
species  of  which  has  been  found  to  contain  85.79  per  cent,  of  calcium 
phosphate.  The  tests  of  the  Crustacea,  although  less  distinctly  phos- 
phatic  than  the  shell  of  Ztngula,  contain  an  appreciable  amount  of  phos- 
phate. Thus  the  shell  of  a  recent  lobster  was  found  to  contain  3.26  per 
cent,  of  calcium  phosphate,  while  the  lobster  as  a  whole  contained  0.76 
per  cent.*    The  aquatic  plants  also  utilize  some  of  the  phosphorus  in 

•Bulletin  330,  U,  S.  Geological  Survey,  p.  448  (1908). 
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solution  in  the  water  and  through  them  the  phosphorus  passes  to  the 
skeleton  of  vegetable-eating  aquatic  animals,  and  through  them  in  turn 
to  the  carnivorous  animals. 

The  phosphorus  taken  from  solution  by  chemical  action  is  evidently 
considerable,  since  nodules  of  chemical  origin,  high  in  phosphates,  are 
found  somewhat  abundantly  in  the  bed  of  the  ocean.  Some  of  these 
nodules,  reported  by  Clarke,^  contain  19.96  to  23.54  per  cent,  of  phos- 
phoric acid. 

The  amount  of  phosphate  that  finds  its  way  into  the  sedimentary 
formations  through  organic  and  chemical  agencies  is  thus  undoubtedly 
considerable,  resulting  in  the  enrichment  of  certain  deposits,  which,  if  not 
workable,  at  least  serve  as  an  important  source  of  phosphate  from  which 
by  further  concentration  workable  phosphate  deposits  are  formed. 

In  this  respect  the  deposition  of  calcium  phosphate  is  analogous  to  that 
of  the  related  mineral  calcium  carbonate,  although  of  the  carbonate  much 
more  extensive  deposits  accumulate  than  of  the  phosphate. 

Silica  (SiOa)  in  its  round  of  circulation  in  the  earth  presents  some  inter- 
esting analogies  and  yet  strong  contrasts  to  both  calcium  phosphate  and 
calcium  carbonate. 

While  the  round  of  circulation  of  phosphate  minerals  is  capable  of 
demonstration  as  a  normal  process  comparable  to  that  of  other  common 
miperals,  yet  the  actual  processes  of  the  accumulation  of  large  workable 
deposits  of  phosphate  rock  are  in  many  ways  complicated. 

Florida  Phosphate  Deposits 

The  complexity  of  origin  of  the  phosphate  rock  and  the  manner  in 
which  impinrities  are  included  in  the  formation  is  well  illustrated  by  the 
Florida  phosphate  deposits.  Of  these  there  are  two  distinct  types, 
known  respectively  as  the  hard-rock  and  the  land-pebble  phosphates. 
These  differ  materially  in  their  location,  origin  and  manner  of  occurrence. 
The  hard-rock  phosphates  lie  in  a  belt  along  the  Gulf  side  of  the  peninsula, 
extending  in  a  general  north  and  south  direction  roughly  paralleling  the 
Gulf  coast  for  a  distance  of  about  100  miles.  The  land-pebble  phosphate 
deposits  are  found  farther  south,  lying  chiefly  in  Polk  and  Hillsboro 
counties. 

The  hard-rock  phosphate  deposits  rest  upon  a  thick  and  very  pure, 
light-colored,  porous  and  cavernous  limestone  known  as  the  Vicksburg 
formation,  which  is  of  Lower  Oligocene  age.  At  present,  in  that  section 
of  the  State  no  formation  other  than  the  phosphate  itself  lies  on  top  of 
this  limestone.  It  has,  however,  been  demonstrated  by  the  combined 
observations  of  several  geologists  that  certain  formations  of  which  only  a 
residue  remains  formerly  extended  across  the  area  that  now  holds  the 

''BuUetin  330,  U,  S.  Geological  Survey,  p.  105  (1908). 
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hard-rock  phosphate  deposits.  The  forrnations  referred  to  are  Chatta- 
hoochee limestone  and  Alum  Bluff  sands,  both  of  which  are  of  Upper  Oli- 
gocene  age.  These  formations  are  now  found  bordering  the  hard-rock 
phosphate  area.  The  proof  of  their  former  extent  has  been  given  else- 
where and  need  not  be  repeated  at  this  time.®  The  hard-rock  phosphate 
deposits  are  made  up  largely  of  the  residue  of  these  formations  which 
have  disintegrated  in  situ,  and  accordingly  consist  of  a  mixture  of  mate- 
rials of  the  most  diverse  character  including  sands,  clays,  limestone  frag- 
ments, pebbles  and  water-worn  flints,  vertebrate,  invertebrate  and  plant 
fossils;  in  fact  a  heterogeneous  mixture  of  the  relatively  insoluble  and 
resistant  elements  of  the  earlier  formations. 


Fia.  1. — Mining  Phosphate  Rock  by  Dredge  in  Florida. 


The  phosphate  itself  is  derived  from  the  Alum  Bluff  sands,  the  later 
and  thicker  of  the  two  formations  that  have  disintegrated.  This  forma- 
tion, the  Alum  Bluff,  in  some  places  reaches  a  thickness  of  several  hundred 
feet,  and  has  a  large  areal  extent  reaching  from  west  Florida,  through 
northern  and  central  Florida,  into  southern  Florida.  Throughout  its 
entire  thickness,  and  throughout  its  whole  areal  extent  this  formation  is 
distinctly  phosphatic,  although  in  no  instance  is  the  phosphate  in  this 
formation  sufficiently  concentrated  to  form  workable  deposits. 

■Origin  of  the  Hard  Rock  Phosphate  Deposits  of  Florida,  by  E.  H.  Sellards, 
Fifth  Annual  Report,  Florida  SiaU  Geological  Survey,  pp.  23-80  (1913). 
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While  these  formations,  the  Chattahoochee  and  the  Alum  Bluff, 
were  disintegrating  in  the  area  that  is  now  the  hard-rock  phosphate  region, 
the  calcium  phosphate  from  the  Alum  Bluff  formation  was  gradually 
being  taken  into  solution  by  ground  water  and  was  being  redeposited  at  a 
lower  level  in  the  earth,  thus  forming  the  workable  hard-rock  phpsphate 
deposits.  In  this  process  the  replacement  of  the  original  limestone  by 
calcium  phosphate  was  an  important  factor,  and  these  deposits  afford 
excellent  illustration  of  the  formation  of  phosphate  rock  by  the  replace- 
ment process,  the  shells  of  the  original  limestone  in  many  instances  retain- 
ing their  form,  although  changed  chemically  to  calcium  phosphate.  In 
addition  to  replacement,  other  processes  are  observed,  prominent  among 
which  is  the  formation  of  the  phosphate  by  precipitation  from  solution  in 


Fig.  2, — Removino  Overburden  from  Phosphate  Rock  in  Florida  by 
Hydraulicking. 

a  manner  similar  to  the  formation  of  calcium  carbonate  deposits  in  caves. 
This  process  is  evidently  secondary,  and  being  now  operative  is  to  be 
observed  in  the  phosphate  boulders  themselves,  in  which  all  existing 
cavities  are  being  gradually  filled  by  the  accumulation  of  calcium  phos- 
phate. By  this  process  pinnacles  are  formed  hanging  from  the  roof  of  the 
cavities,  while  successive  layers  of  phosphate  are  spread  out  over  the  floor 
of  the  cavities.  This  method  of  the  formation  of  phosphate  deposits  has 
given  rise  to  very  high-grade  phosphate  rock,  the  Florida  hard  rock  grad- 
ing, under  present  methods  of  mining,  77  to  80  per  cent,  tricalcium  phos- 
phate, while  individual  specimens  contain  84  to  85  per  cent. 

While  the  origin  of  the  hard-rock  phosphate  in  its  present  form  is  thus 
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clearly  evident,  there  yet  remains  a  large  field  of  investigation  to  deter- 
mine the  chemical  processes  by  which  the  phosphate  is  first  taken  into 
solution,  and  is  subsequently  redeposited.  Some  of  these  processes, 
however,  are  well  understood.  That  normal  phosphate  is  to  some  extent 
soluble  in  soil  waters  is  well  established  and  fully  recognized.  In  the 
hard-rock  phosphate  section  of  Florida  there  is  practically  no  surface 
drainage,  the  rain  water  passing  directly  into  the  earth.  At  a  lower  level 
the  circulation  of  the  water  is  interfered  with  and  the  water  may  become 
stationary  or  nearly  so.  The  check  in  circulation  is  due  in  some  instances 
to  masses  and  beds  of  clay  residual  from  disintegrating  formations.  In 
any  case  the  movement  of  the  water  is  checked  upon  reaching  the  water 
line.  The  relation  of  the  phosphate  deposits  to  the  ground-water  level, 
and  also  the  evident  and  probable  changes  of  the  water  level  during  geo- 
logic time  have  been  discussed  in  the  writer's  paper  on  these  deposits  pre- 
viously referred  to.  While  the  processes  that  brought  about  the  deposition 
of  the  phosphate  may  not  be  fully  understood,  yet  it  is  apparent  that 
there  are  important  changes  in  the  chemical  conditions.  Among  these 
may  be  mentioned  the  check  to  the  free  movement  of  the  water,  and  the 
evident  mingling  at  this  depth  of  different  waters.  In  this  connection 
the  observations  of  Reese,  previously  referred  to,  in  which  it  is  shown  that 
calcium  phosphate  in  solution  in  carbonated  waters  is  precipitated  when 
the  water  stands  over  limestone,  are  particularly  suggestive.  As  shown 
in  my  earlier  papers  the  hard-rock  phosphates  of  Florida  are  invariably 
formed  directly  upon  limestone,  and  need  not  be  sought  for  elsewhere. 
Moreover  they  are  thrown  out  of  solution  from  carbonated  waters  which 
pass  over  and  through  these  limestones,  the  manner  of  their  formation 
apparently  being  entirely  in  accord  with  Reese's  experiments. 

The  land-pebble  phosphate  deposits  of  Florida  are  probably  derived, 
like  the  hard-rock  deposits,  from  the  Alum  Bluff  formation.  The 
processes  by  which  they  have  accumulated  in  their  present  form  are, 
however,  strikingly  different.  The  hard-rock  phosphates,  as  has  been 
stated,  represent  chemical  precipitates  or  replacement  deposits,  the 
phosphate  having  been  transported  to  its  present  location  in  solution. 
The  land-pebble  deposits,  on  the  other  hand,  appear  to  represent  materials 
which  are  residual  from  erosion  of  the  parent  formation.  The  hard-rock 
phosphates  occur  in  sections  where  the  parent  formatioli  has  entirely 
disintegrated  over  limestones.  The  land-pebble  deposits  on  the  contrary 
are  found  as  a  blanket  deposit  resting  upon,  and  representing  a  concentra- 
tion from,  the  parent  formation.  The  matrix  of  the  land-pebble  deposits 
is,  therefore,  not  strikingly  different  from  that  of  the  hard-rock  deposits 
except  as  chemical  action  has  modified  the  residue,  particularly  by  the 
formation  in  many  instances  of  siliceous  boulders  in  the  hard-rock 
deposits. 

The  grade  of  rock  produced  from  the  land-pebble  deposits  under  the 
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present  methods  of  mining  varies  from  66  to  74  per  cent,  tricalcium  phosr- 
phate,  while  individual  samples  contain  77  or  78  per  cent. 

Tennessee  Phosphate  Deposits 

As  further  evidence  of  the  complexity  of  the  origin  of  phosphates  in 
workable  deposits,  and  of  the  diversity  of  ways  in  which  they  accumulate, 
may  be  mentioned  the  phosphates  of  Tennessee.  Several  distinct  types  of 
phosphate  are  found  in  Tennessee,  only  two  of  which,  however,  are  being 
mined  at  present,  namely,  the  blue  rock  and  the  brown  rock.  The  blue 
phosphate  occurs  as  a  bedded  deposit  within,  but  forming  the  lowest  mem- 
ber of  the  Chattanooga  formation  of  Devonian  age,  which  rests  directly 
upon  limestones  of  Ordovician  age.  The  beds  vary  in  thickness  from  zero 
to  50  in.,  although  the  bed  of  high-grade  rock  rarely  exceeds  20  in.  in 
thickness.  In  grade  the  blue  rock  varies  from  30  to  85  per  cent.  The  iron 
and  aluminum  in  the  better  grade  aggregate  less  than  3  per  cent.  The 
brown-rock  phosphates,  which  at  present  are  being  more  extensively 
mined  than  the  blue,  occur  in  irregular  deposits  lying  near  the  surface 
and  resting  upon  limestones.  The  brown  rock  is  largely  a  shelly  rock 
which  breaks  up  into  pieces  of  varying  size.  In  addition,  however, 
there  is  a  considerable  proportion  of  small  pebbles  which  in  mass  have  a 
dark  brown  color.  The  underlying  limestone  has  an  irregular  top  sur- 
face, and  not  infrequently  projects  into  the  phosphate  stratum.  The 
limestone  is  dense  and  has  a  bluish  cast.  It  is  more  or  less  phosphatic. 
The  age  of  this  underlying  limestone  is  Ordovician.  The  overburden 
consists  of  clay,  some  phosphate  and  a  limited  amount  of  sand.  It 
is  reddish  in  color,  and  in  thickness  is  entirely  variable,  averaging  perhaps 
8  or  10  ft. 

The  brown  phosphates  of  Tennessee  are  very  evidently  formed  in  situ 
from  phosphatic  limestone.  Hayes  and  Ulrich*  find  that  at  least  four 
limestone  horizons  have  given  rise  to  brown  phosphates  in  Tennessee. 
The  calcium  carbonate  from  the  limestone  is  more  or  less  completely 
leached  out,  and  is  replaced  in  part  at  least  by  calcium  phosphate."  The 
rock  is  thus  enriched  and  becomes  a  workable  phosphate.  The  leaching 
of  the  rock  usually  begins  along  jointing  planes  and  unchanged  masses 
of  the  original  limestone  in  this  type  of  deposit  frequently  remain  as 
"  horses."  Two  types  of  deposits  are  recognized,  which  are  described  as 
blanket  and  collar  deposits.  The  blanket  deposits  are  those  which  extend 
over  a  considerable  area.  The  collar  deposits  are  formed  where  the  phos- 
phatic limestone  cOmes  to  the  surface  around  the  slope  of  a  hill.    The 

•  Columbia  Folio,  U.  S.  Geological  Survey,  p.  5  (1903). 

'^  Some  of  the  brown  phosphate  of  Tennessee  is  formed,  according  to  Dr.  A.  F. 
Rogers,  by  replacement  of  orinoidal  limestone  by  oaldum  phosphate.  (Personal 
letter,  April  1,  1914.) 
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collar  deposits  are  necessarily  limited  in  extent,  while  the  blanket  deposits 
may  cover  considerable  areas.  The  brown  phosphates,  from  their  man- 
ner of  origin,  have  necessarily  accumulated  in  comparatively  recent  times. 

The  blue  phosphates,  on  the  other  hand,  are  much  older  than  the 
brown,  having  accumulated  in  their  present  form  during  Devonian  time 
It  is  believed  by  Hayes  and  Ulrich  that  the  blue  phosphates  were  origi- 
nally formed  as  residual  material  from,  and  resting  upon,  the  Ordovician 
phosphatic  limestones,  much  as  the  brown  phosphates  of  the  present  time 
are  formed.  After  this  residual  material  accumulated  the  area  was  de- 
pressed allowing  the  sea  to  cover  the  limestone.  By  the  action  of  the 
waves  in  shallow  water  the  residual  mass  was  pretty  thoroughly  washed, 
the  soil  and  clay  material  being  sifted  out  and  carried  away  while  the  phos- 
phatic material  was  left  to  form  the  phosphate  rock  as  found  at  present. 
The  sea  subsequently  deepened,  so  that  shales  and  other  formations  were 
deposited  upon  the  phosphate. 

The  richest  of  the  blue-rock  deposits  is  believed  to  have  been  formed 
from  the  Ordovician  limestone,  known  as  the  Leipers  formation.  This 
formation  is  full  of  the  same  minute  spiral  and  other  shells  that  occur 
abundantly  in  the  immediately  overlying  phosphate  rock.  Phosphates 
were  formed  from  Ordovician  limestone  other  than  the  Leipers  formation, 
but  they  are  of  a  lower  grade  and  at  present  are  not  workable. 

It  would  thus  seem  that  the  blue  rock  of  Tennessee  was  formed  during 
the  interval  between  the  Ordovician  and  the  Devonian,  washed  during 
the  Devonian,  and  in  this  condition  was  preserved  for  modern  mining 
operations. 

Western  Phosphate  Deposits 

The  extensive  phosphate  deposits  of  the  western  United  States  are 
interbedded  with  sedimentary  formations,  and  to  this  extent  resemble  the 
blue-rock  phosphates  of  Tennessee.  The  rock  in  these  deposits  is  de- 
scribed as  prevailingly  oolitic,  although  an  exceptional  occurrence  is 
recorded  by  Richard  and  Mansfield"  in  which  high-grade  rock  was  found 
to  consist  of  shell  fragments  regarded  by  Girty  as  broken  shells  of  pelec- 
ypods.  The  source  of  the  phosphoric  acid  and  the  history  of  its  accu- 
mulation in  the  form  in  which  it  is  now  found  in  these  deposits,  if  at  present 
obscure,  will  perhaps,  upon  further  investigation,  become  apparent. 

Phosphate  Deposits  from  Guano 

The  phosphate  deposits  of  Navassa,  a  small  island  in  the  West  Indies, 
may  be  mentioned  as  an  illustration  of  those  which  are  believed  to  have 
been  formed  from  guano.  In  the  case  of  phosphate  deposits  formed  from 
guano,  the  phosphate  is  taken  in  solution  by  rain  water,  and  after  being 

'1  BuUetin  470,  U.  S.  Geological  Survey,  p.  376  (1911). 
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carried  to  a  lower  level  is  redepc^ited,  replacing  the  carbonate  of  the 
limestone.  The  rapidity  with  which  this  process  may  be  carried  on  is 
illustrated  by  an  instance  cited  by  Dr.  Albert  R.  Ledoux^*  in  which 
limestone  on  one  of  the  south  Pacific  islands  was  observed  to  have  been 
changed  to  phosphate  to  a  depth  of  several  feet  within  a  period  of  20 
years,  the  phosphoric  acid  in  this  instance  being  leached  by  rain  water 
from  recently  deposited  guano. 

Mining 

Phosphate  rock  is  mined  either  by  open-pit  or  by  underground  mining. 
Those  deposits  having  a  reiriovable  overburden  are  mined  by  the  open- 
pit  method,  underground  mining  being  resorted  to  only  for  deposits 
interstratified  with  other  formations,  so  that  the  overburden  cannot 
be  removed. 

Underground  Mining 

The  deposits  mined  in  America  by  underground  mining  include  the 
blue  rock  of  Tennessee,  the  Arkansas  deposits,  and  for  the  most  part  the 
extensive  deposits  of  the  western  United  States,  which  are  as  yet  but  little 
developed.  In  underground  mining,  ordinarily,  operations  begin  at  the 
surface  outcrop  of  the  phosphate  stratum,  the  first  rock  being  uncovered 
by  stripping  off  the  overburden.  When  the  overburden  can  no  longer  be 
removed  economically,  drifts  are  run  into  the  bank  and  the  phosphate  rock 
removed,  support  being  given  to  the  roof,  when  necessary,  after  the 
phosphate  is  taken  out.  This  method  of  mining  is  similar  to  that  used  in 
mining  coal  seams.  In  the  Arkansas  and  Tennessee  mines  the  phosphate 
rock  is  first  drilled  and  blasted.  It  is  then  broken  up  by  pick  and  loaded 
into  tram  cars  to  be  drawn  from  the  mine. 


Open-Pit  Mining 

By  far  the  greater  part  of  the  phosphate  rock  produced  in  America 
is  obtained  at  present  by  open-pit  mining,  in  which  the  overburden  is 
first  removed  from  the  rock.  The  purity  of  the  rock,  however,  is  not 
materially  affected  by  the  methods  employed  in  removing  the  overburden, 
and  hence  it  is  not  necessary  to  describe  these  methods  in  detail.  It  may 
be  noted,  however,  that  diverse  methods  prevail,  depending  upon  the 
thickness  and  character  of  the  overburden,  the  magnitude  of  the  opera- 
tions and  the  facilities  available.  Examples  may  still  be  found  of  removal 
of  overburden  by  pick  and  shovel,  team  and  scraper,  or  team  and  dump 
cart.  It  is,  however,  only  a  shallow  overburden  that  can  be  so  removed 
profitably.    In  the  larger  mining  operations  the  overburden  is  removed 

"  Tranaaciions  of  the  N,  Y,  Academy  of  Science,  vol.  ix,  p.  85  (1890). 
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by  steam  shovel,  by  means  of  which  the  material  is  loaded  into  cars,  which 
are  then  drawn  to  the  overburden  dump;  or  the  overburden  is  removed  by 
the  hydraulic  method,  the  material  being  pumped  through  pipe  lines  to 
the  overburden  dump.  Whatever  method  is  employed  a  limited  amount 
of  overburden  remains  with  the  phosphate  rock  which  must  be  separated 
in  subsequent  treatment. 

It  is  not  necessary  in  this  connection  to  describe  in  detail  the  methods 
of  removing  phosphate  rock  from  the  pit,  since  the  purity  of  the  rock  is 
but  incidentally  affected  thereby.  It  may  be  said,  however,  that  the 
phosphate  rock  is  either  loaded  by  pick  and  shovel  on  wagons  or  tram  cars 
to  be  drawn  from  the  pit,  or  it  is  taken  up  by  dredge  or  hy  hydraulicking 
(Figs.  1  and  2).  If  taken  up  by  the  hydraulic  method  the  rock  is  forced 
through  pipe  lines  to  the  washer  plant.  The  character  of  the  deposit 
determines  the  methods  of  removal  that  may  be  employed.  Where  the 
phosphate  is  loaded  by  pick  and  shovel,  such  objectionable  impurities 
as  siliceous  boulders,  limestone  rock  and  clay  balls  are  rejected  at  the  pit, 
and  in  some  mines  only  the  coarse  rock  is  taken,  leaving  the  finer  phos- 
phate, clay  and  sand.  As  a  rule,  however,  there  is  no  attempt  to  separate 
the  phosphate  from  the  matrix  before  removal  from  the  pit. 

Preparation  of  Phosphate  for  Market 

The  phosphate  rock  mined  by  the  open-pit  method  must  be  washed 
and  dried.  The  methods  of  treatment  described  in  this  paper  are  those 
followed  in  America  and  particularly  in  the  Florida  mines. 

Washing 

The  hard-rock  phosphate  of  Florida  when  brought  from  the  pit  is 
dumped  on  to  grizzlies  with  2-  or  2J-in.  openings.  The  fine  materials 
of  the  matrix  pass  through  while  the  coarse  materials,  including  phos- 
phate, flint,  and  limestone  boulders,  and  clay  balls,  are  lodged  on  the 
grating.  The  phosphate  boulders  are  then  thrown  by  hand  into  a  rock 
crusher  near  by,  while  the  flint  and  limestone  boulders  and  clay  balls  are 
discarded.  That  part  of  the  matrix  which  passes  the  grizzly  together 
with  the  rock  from  the  crusher  is  dropped  into  a  log  washer  beneath. 
The  practice  in  the  land-pebble  mines  is  somewhat  different  from  that 
followed  in  the  hard-rock  section,  the  matrix,  as  pumped  from  the  pit, 
being  thrown  as  a  rule  into  a  large  revolving  tube,  known  as  a  separator, 
punched  *'  hit  and  miss"  with  holes  1  or  2  in.  in  diameter.  As  the  separa- 
tor revolves  the  phosphate  pebble,  as  well  as  the  finer  materials  of  the 
matrix,  fall  through  the  openings  and  lodge  on  a  screen  beneath,  while 
the  coarser  materials,  including  sand,  rock  and  clay  balls  remain  in  the 
separator  from  which  they  are  carried  to  the  waste  dump.     From  the 
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screen  beneath  the  separator  the  phosphate  rock  passes  mto  the  log 
washer.  While  this  is  the  usual  arrangement  in  the  land-pebble  phos- 
phate mines,  yet  in  some  of  the  newer  plants  it  has  been  found  practicable 
to  omit  the  separator  altogether,  the  rock  from  the  dump  being  allowed 
to  enter  the  log  washer  after  passing  over  a  screen  of  about  -^in. 
mesh.  When  the  separator  is  omitted  practically  all  the  matrix  from  the 
pit  passes  through  the  log  washers,  and  it  has  usually  been  found  neces- 
sary in  these  plants,  to  install  a  crusher,  which  is  then  placed  between  the 
two  logs.  The  larger  pieces  of  bone  and  phosphate  rock,  as  well  as  the 
clay  balls,  if  not  disintegrated  by  the  washer,  are  broken  up  in  the  crusher, 
and  the  phosphate  which  they  contain  is  saved  (Fig.  3). 

The  log  washer,  through  which  the  phosphate  rock  is  passed,  consists 


Fig.  3. — Washer  Used  in  Removing  Impurities  from  Phosphate  in  Florida. 


of  two  cylinders  or  logs  placed  side  by  side  in  a  box  or  trough.  A  series 
of  blades  arranged  in  a  spiral  is  fastened  to  each  cylinder.  The  trough  is 
niclined,  the  phosphate  being  run  in  at  the  lower  end,  and  as  the  logs  are 
made  to  revolve  in  opposite  directions,  the  phosphate  rock  is  pushed  for- 
ward by  the  blades,  meeting  as  it  goes  a  constant  stream  of  water.  By 
this  means  the  rock  is  pretty  thoroughly  washed,  the  water  carrying  all 
the  finer  materials  of  the  matrix  escaping  at  the  lower  end  or  in  the  newer 
washers  through  an  opening  at  the  side  of  the  trough.  Frequently  the 
phosphate  rock  is  passed  through  a  second  log  of  the  same  type  as  the 
first,  and  in  all  cases  receives  a  final  rinsing  while  passing  over  screens. 

In  the  hard-rock  phosphate  mines  of  Florida  the  coarse  phosphate 
after  leaving  the  rinser  is  made  to  pass  over  a  picker  belt  which  is  usually, 
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made  in  the  form  of  a  large  revolving  table.  The  phosphate  rock  remains 
on  the  picker  belt  during  one  complete  revolution  of  the  table  being  care- 
fully inspected  by  men  and  boys  stationed  around  the  table.  The  inferior 
rock,  clay  balls,  flint  and  limestone  fragments,  so  far  as  recognized,  are 
picked  out  and  discarded  at  this  time,  thus  bringing  up  the  grade  of  the 
shipment.  In  the  land-pebble  mines  the  phosphate  rock  from  the  last 
washer  falls  on  jig  screens,  the  finer  of  which  are  -^x"  ^^  ^"^*  ^aesh. 
From  these  screens  the  rock  is  elevated  by  endless  cup  chains  to  the  load- 
ing bin. 

Drying 

After  being  taken  from  the  pit  the  phosphate  rock  must  be  dried 
before  being  marketed.  Two  methods  of  drjdng  are  in  use.  The  first 
of  these,  which  is  adapted  to  drying  coarse  rock,  consists  in  piling  the  phos- 
phate rock  on  ricks  of  wood.  The  wood  is  then  burned,  thus  diying  the 
rock.  This  method  assists  somewhat  in  cleaning,  since  clay  and  sand 
adhering  to  the  rock,  tend,  after  drying,  to  loosen  and  fall  away  in 
subsequent  handling. 

The  second  method  of  drying,  which  is  now  largely  used,  is  by  the  use 
of  heated  rotary  cylinders  through  which  the  rock  is  passed.  The  rock  is 
introduced  usually  at  the  cool  end  of  the  cylinder,  and  by  means  of  vari- 
ous devices  is  made  to  pass  through,  escaping  at  the  furnace  or  heated 
end.  This  method  is  adapted  to  drying  small  pebble  rock;  the  coarser 
rock  must  be  crushed  before  being  dried  by  this  method. 

Improvements  in  Mining  Methods 

An  important  factor  in  the  cost  of  producing  phosphate  rock  is  the 
necessity  of  discarding  the  low-grade  rock,  as  well  as  that  which  cannot 
be  properly  cleaned  or  separated  from  the  minerals  with  which  it  is 
associated.  It  Is  encouraging,  however,  to  find  that  through  improved 
methods  of  mining  the  amount  of  phosphate  thus  discarded  is  being 
considerably  reduced,  while  the  grade  of  rock  produced  is  being  main- 
tained or  advanced.  In  the  modem  phosphate-mining  plants  of  Florida, 
practically  no  phosphate  rock  reaches  the  dump  except  that  which  will 
pass  a  ^^-,  0^-  or  ^^^-in.  mesh  screen,  or  is  carried  out  with  the  over- 
flow from  the  side  opening  in  the  log  washer.  In  Tennessee  where  a  very 
considerable  part  of  the  brown-rock  phosphate  is  in  the  form  of  minute 
pebbles,  settling  tanks  for  saving  the  small  pebble  have  been  introduced 
in  late  years.  From  the  log  washer  the  fine  material  passes  through 
these  tanks,  and  much  phosphate  that  was  originally  thrown  into  the 
dump  is  thus  cleaned  and  saved,  and  in  fact  some  of  the  abandoned  dumps 
in  Tennessee  are  now  being  rewashed  by  this  method. 

However,  notwithstanding  these  improvements  in  mining  methods  a 
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very  considerable  amount  of  phosphoric  acid  in  the  form  of  very  fine 
pebble  and  soft  phosphate  still  finds  its  way  into  the  waste  dump.  It  is 
true  that  a  large  part  of  the  phosphate  that  is  thus  lost  is  too  high  in  iron 
and  aluminum  to  be  used  in  the  manufacture  of  fertilizers  under  existing 
processes.  It  is,  however,  none  the  less  desirable  that  the  phosphoric 
acid  be  saved.  To  this  end  it  is  to  be  hoped  that  devices  for  recovering 
the  veiy  fine  pebble  phosphate  may  be  further  perfected,  and  that  a  new 
process  of  manufacture  may  be  developed  in  which  the  grade  of  rock 
that  can  be  used  is  not  so  strictly  limited. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Pittsburg  meeting,  October.  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  mav  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street.  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  speciai  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  1, 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Tennessee  Phosphate  Practice 

BY  JAMES  A.  BARR,   MT.   PLEASANT,  TENN. 
(Pittsburg  Meeting,  October,  1914) 


Geology  and  Mineralogy^ 

Tennessee  phosphates  are  commercially  divided  into  three  varieties: 
Brown,  blue  and  white.  The  first  two  only  are  now  of  commercial  im- 
portance. The  white  phosphates  of  Perry  county  are  not  being  mined 
at  present  owing  to  their  pockety  occurrence.     The  white  phosphate  is 


Fig.  1. — Deposits  of  75  Per  cent.  Brown  Plate  Rock  Underlain  by  Sand. 

the  highest  grade  of  the  three  varieties,  running  often  more  than  90  per 
cent,  tricalcium  phosphate. 

The  brown  rock  is  found  in  three  varieties,  grading  from  the  dense 
almost  vitreous  gray  rock,  76  to  82  per  cent,  tricalcium  phosphate,  down 

*  For  a  more  complete  discussion  of  the  geology  of  Tennessee  phosphates,  refer  to 
Resources  of  Tennessee^  vol.  4,  No.  2,  Article  by  J.  S.  Hook. 
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through  the  ordinary  cellular  brownish  gray  rock,  looking  somewhat  like 
a  sandstone,  72  to  76  per  cent.,  to  the  lowest  grade  of  soft  mucky  blackish 
brown  rock,  72  per  cent,  and  lower.  The  solid  rock  occurs  in  layers  much 
broken  up  by  joints  filled  with  a  corresponding  grade  of  phosphatic  sand, 
clay  being  the  chief  impurity. 

The  blue  phosphate  looks  like  a  granular  bluish  limestone.  It  also 
varies  as  to  color,  the  grayish  variety  being  highest  in  grade,  averaging 
72  per  cent.;  the  darker  blue  runs  72  per  cent,  and  lower. 

The  brown  phosphates  of  the  Mt.  Pleasant  district  occur  in  Bigby 
limestone  of  the  Ordovician  period.  In  Giles  and  Hickman  counties  the 
brown  varieties  occur  in  the  Leipers  limestone  of  the  same  period.  Both 
limestones  are  a  bluish  crystalline  variety  often  showing  a  banded  struc- 
ture upon  weathering.  These  limestones  are  phosphate  bearing  often  to 
the  extent  of  35  to  40  per  cent.,  and  are  occasionally  used  as  a  low-grade 
fertilizer  or  for  a  filler  for  the  manufactured  fertilizer. 

The  principal  deposits  of  blue  rock,  which  are  of  commercial  impor- 
tance, occur  between  the  Chattanooga  shale  and  the  Ordovician  lime- 
stone, also  phosphatic  and  of  the  same  character  as  those  just  described. 

Prospecting  and  Valuation 

Brown  Rock. — The  extent,  depth  and  quality  of  the  phosphate  deposits 
are  commonly  determined  by  boring  with  earth  augurs  and  post-hole 
diggers  4  in.  in  diameter.  Test  pits  are  also  employed  in  conjunction 
to  give  a  better  idea  of  the  character  of  the  strata. 

In  blanket  deposits  the  holes  are  sunk  200  ft.  apart  in  squares  while 
in  hat-brim  formations  (ring  deposits  on  a  hill  side),  the  holes  are  spaced 
200  ft.  on  the  long  axis  of  the  deposit  and  50  to  200  ft.  on  the  short  axis, 
the  latter  spacing  depending  upon  the  width  between  upper  and  lower 
boundaries. 

Since  the  overburden  is  not  excessive,  rarely  being  over  30  ft,  the 
light  and  cheap  4-in.  earth  auger  gives  good  results  with  two  operators; 
f-in.  pipe  in  convenient  joints  is  used  for  rods.  The  post-hole  digger  is 
used  for  penetrating  hard  substances  like  flint  or  plate  phosphate  rock. 
It  is  merely  a  form  of  hollow  drill,  with  a  4  by  12  in.  barrel  of  i-in. 
steel.  When  penetrating  phosphate  a  sample  or  disintegrated  core  is 
brought  up  by  the  tools  and  must  be  removed  each  time  when  full,  neces- 
sitating frequent  removals  of  the  diggers  from  the  hole. 

About  every  400  ft.  a  pit  is  sunk  to  obtain  a  sample  of  rock  for  recovery 
tests.  This  will  be  representative  of  the  rock  as  mined  by  hand  and  sent 
to  the  washers,  and  will  also  give  the  true  ratio  of  sand  to  lump  rock  with 
their  respective  analyses,  which  is  of  considerable  importance. 

The  samples  from  prospecting  are  prepared  for  analysis  by  hand 
washing  in  an  ordinary  wash  tub,  aving  the  sand  by  decantation  and 
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separating  the  lump  with  the  aid  of  a  hose  and  a  f-in.  slotted  screen. 
The  recovered  products  are  dried,  weighed  and  analyzed  separately. 
The  percentage  of  recovery  is  calculated  from  weights  in  the  usual  man- 
ner. The  weight  of  a  cubic  foot  of  phosphate  in  the  ground  should  be 
determined  so  that  the  percentage  of  recovery  as  found  may  be  converted 
into  such  convenient  terms  as  1  acre  1  ft.  deep  (43,560  cu.  ft.). 

Cost — The  cost  of  prospecting  will  average  7  to  7Jc.  per  foot  of 
hole  with  augurs  or  $1.50  to  $2  per  acre  for  average  conditions. 

Tonnages  are  usually  calculated  on  the  basis  of  a  recovery  of  1,000 
tons*  dry  rock  per  acre-foot  for  high-grade  deposits,  but  for  the  average 


A,  With  4-in.  Post-Hole  Digger.  B.  With  4-in.  Earth  Auger. 

Fig.  2. — Prospecting  for  Brown  Rock. 

grades  this  will  be  more  nearly  850  tons  per  acre-foot.  For  more 
accurate  work  the  percentages  of  recovery  should  be  used  as  determined 
in  the  laboratory,  allowing  15  to  20  per  cent,  in  actual  mining  and 
treatment. 

Especial  care  is  necessary  in  determining  the  average  thickness  of  rock 
for  unit  areas  when  the  deposits  are  known  to  lie  in  cutters.  The  phos- 
phate will  constitute  from  30  to  50  per  cent,  of  the  total  volume  below  the 
surface  of  the  lime  table. 

The  percentage  of  iron  and  aluminum  oxides  remaining  in  the  washed 
product  has  an  important  bearing  on  the  valuation  of  the  rock.     The  usual 


^  A  ton  of  dry  phosphate  is  2,240  lb. 
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guarantees  are  given  below.     For  each  per  cent,  in  excess  of  guarantee,  2 
per  cent,  of  BPL  is  deducted.' 


BPL 

Fe.O,  +  AL2O 

Per  Cent. 

Per  Cent. 

70 

6.5 

72 

5.5 

76 

6.0 

76 

4.5 

78  to  80 

4.0 

The  total  final  cost  of  dry  rock  f.o.b.  cars  may  be  estimated  as  S2.50, 
but  with  a  good  deposit  and  modern  plant  a  cost  .of  S2  should  be  obtained. 
The  resulting  profit  as  determined  from  the  valuation  of  the  rock  less 
working  costs  should  not  be  less  than  20  per  cent,  per  annum  on  the  total 
investment  which  will  be:  Property;  this  cost  will  average  25c.  per 
ton  of  rock  in  the  ground,  or  if  on  a  royalty  basis,  50c.  Plant;  capacity 
75,000  tons  per  year,  $150,000.     Mining  equipment,  $30,000. 

Blue  Rock, — Since  blue  rock  in  the  known  commercial  deposits  lies 
mostly  under  a  stratum  of  shale,  the  prospecting  is  necessarily  done  by 
diamond  drills  or  drills  of  the  Calyx  type.  Both  give  satisfactory  results. 
The  outcrops  are  usually  exposed  by  shallow  test  pits.  Since  these  de- 
posits are  continuous  only  in  one  direction,  to  any  great  extent,  the  long  and 
short  axes  of  the  deposits  are  determined  at  the  outset,  by  tracing  the 
outcrops  in  gullies.  This  information  materially  aids  in  keeping  down  the 
cost  of  prospecting. 

The  minimum  thickness  of  the  vein  for  profitable  mining  at  present 
prices  is  24  in. 

The  sales  price  of  blue  rock  f.o.b,  cars  Mt.  Pleasant,  Tenn.,  is:  68  to 
72  per  cent.  BPL  with  2  to  2 J  per  cent,  iron  and  alumina,  $3.50  to 
$3.75.  The  lower  grades  of  62  to  68  per  cent.  BPL  are  usually  sold 
ground  80  to  90  per  cent,  through  100  mesh  at  $3.50  to  $4,  of  which  50c. 
represents  the  charge  for  grinding. 

The  cost  of  equipment  and  dead  development  work  will  be  practically 
the  same  as  given  under  cost  of  plants  for  brown  rock,  for  a  plant  having 
a  capacity  of  300  tons  in  12  hr. 

The  cost  of  blue  rock  f.o.b.  cars  with  a  modern  plant  averages  $1.80 
to  $2  per  ton,  to  which  must  be  added  with  some  deposits  now  being 
worked  25c.  a  ton  to  bring  the  price  as  quoted  f.o.b.  cars  at  Mt.  Pleasant, 
because  of  extra  freight  rates. 

Brown  Rock  Mining  and  Treatment 

Removal  of  Overburden. — Occasionally  narrow  benches  are  stripped  by 
hand  methods.     The  dirt  is  more  or  less  undermined  by  the  removal  of 

'  BPL  is  a  local  term  for  bone  phosphate  of  lime  or  tri-calcium  phosphate,  CasPiOs. 
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the  underlying  rock,  and  the  bank  caved  over  into  the  previously  mined 
out  bench  by  prying  with  a  long  rod  from  above. 

Scattered  deposits  are  stripped  by  scraper  outfits  such  as  are  used  in 
railroad  work.  The  outfit  usually  consists  of  5-wheeled  scrapers  with  a 
hook  team  extra  and  a  plough  team.  The  work  is  contracted  at  14 J c. 
per  cubic  yard. 

The  major  portion  of  the  stripping  is  now  done  by  Class  14  Bucyrus 
drag-line  excavators  mounting  a  70-ft.  boom  with  a  IJ-yd.  bucket. 
This  machine  is  adapted  to  the  removal  of  overburden  that  does  not  aver- 
age more  than  15  ft.  With  more  than  this  depth  the  pits  become  too 
narrow  at  the  bottom. 

In  Hickman  county  where  the  overburden  averages  30  ft.  a  Class  24 
drag-hne  machine  is  being  installed.  This  has  a  100-ft.  boom  and  a 
3j-yd.  bucket. 

The  cost  of  operating  the  Class  14  machines  is: 

Per 

Shift 

1  Runner,  $150  per  month 16.00 

1  Fireman 2.50 

1  Teamster 1.75 

1  Ground  man 1 .  50 

1  Foreman 3.00 

1  Team  (owned  by  company) 3 .00 

Coal,  2  tons  @  $2.40 4.80 

Cable  wear 5.00 

R^airs,  oil,  and  supplies 3 .  00 

6  per  cent,  interest  on  $13,000.    250  shifts 3.20 

10  per  cent,  depreciation 5 .  20 

Total  $38.95 

The  above  is  for  a  machine  having  caterpillar  traction  for  moving. 
If  a  timber  and  roller  machine  is  used  an  extra  ground  man  is  required. 

The  capacity  averages  1,000  cu.  yd.  per  10-hr.  shift,  although  often 
1,300  to  1,400  yd.  are  dug  under  favorable  conditions. 

While  the  larger-size  machines  average  more  in  yardage  the  operating 
costs  also  increase  so  that  the  cost  per  yard  is  nearly  the  same. 

Two  mines  use  hydraulic  stripping  because  the  depth  of  the  over- 
burden is  excessive  in  one  and  the  mining  conditions  require  it  in  the  other. 
The  cost  averages  7c.  pef  cubic  yard. 

The  bank  is  cut  down  by  a  hydraulic  monitor  using  a  2  or  2j-in.  tip. 
The  water  pressure  usually  needed  is  150  to  175  lb.  per  square  inch. 
The  water  flows  back  from  the  face  carrying  from  10  to  20  per  cent,  solids, 
into  a  pump  well.  From  the  sump  the  water  and  overburden  are  pumped 
to  the  waste  ponds  by  an  8-in.  direct-connected  motor-driven  centri- 
fugal pump.  The  pump  requires  from  1,500  to  2,000  gal.  of  water  per 
minute  for  full  capacity,  with  a  motor  power  of  75  h.p. 
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Mining. — In  the  Mt.  Pleasant  field,  the  rock  is  mined  by  hand  since 
the  rock  occurs  partly  below  the  top  of  the  lime  stratum,  in  cutters  of 
irregular  shape.  Steam-shovel  mining  has  been  tried  but  is  not  favored 
because  it  does  not  permit  hand  sorting  of  clay  and  flint  in  the  mines. 

The  rock,  being  soft  and  well  jointed,  is  broken  with  an  ordinary  hand 
pick,  and  shovelled  into  3-yd.,  36-in.  gauge  tram  cars.  The  miners  use 
mostly  a  10-tined  fork  where  the  cast  is  short  but  prefer  a  long  handled 
shovel  when  throwing  up  from  the  bottom  of  cutters. 

The  work  is  done  chiefly  by  contract,  the  price  being  25c.  per  tram 
when  one  handling  only  is  required.  Where  two  casts  are  required, 
35  to  40c.  per  tram  is  paid.  The  miners  keep  the  track  up  to  the  mining 
face. 


Fig.  3. — Stripping  with  Steam  Caterpillar  Drag  Line. 

In  Giles  county  some  deposits  are  20  to  30  ft.  in  depth  without  inter- 
fering lime  boulders  or  cutters.  These  have  been  mined  by  steam  shovel 
but  results  were  not  satisfactory  because  of  impossibility  of  sorting  out 
clay  and  flint  at  the  mines,  which  resulted  in  low  grade  of  rock  at  the 
washer.  The  grade  of  deposits,  now  being  worked  on  the  lower  outcrop, 
should  improve  further  back  in  the  hill  as  is  the  case  with  most  Tennessee 
rock.  Hydraulic-mining  methods  seem  more  suitable  than  steam-shovel 
operations,  in  this  case. 

In  Hickman  county,  because  of  the  depth  of  the  cutters,  from  20  to 
40  ft.,  hydraulic  mining  is  successfully  employed. 

The  same  equipment  is  employed  as  described  under  hydraulic  strip- 
ping. 
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Fig.  4A. — Mining  Phosphate  in  Cutters. 


Fig.  4B. — Face  Mining. 


Fig.  4C. — Mining  Deep  Cutters  with  Cantilever. 
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The  centrifugal  pumps  used  are  of  very  rugged  construction,  being 
the  same  as  employed  in  the  Florida  pebble  district.     The  shell  is  of 


Fig.  5A. — Mining  Deep  Cutters,  Hickman  County. 

heavy  cast  iron,  and  when  worn  out  it  is  rejected  this  being  found  more 
practical  than  the  use  of  liners.  The  other  wearing  parts  are  the  end 
plates  which  are  easily  replaced.     The  shaft  is  protected  from  grit,  which 


Fig.  5B. — Reclaiming  Phosphate  Sand  Tailing  with  4-in.  Steam-Driven  Cen- 
trifugal Pumping  Outfit. 


gets  into  the  stuffing  box,  by  a  stream  of  pressure  water, 
box  is  submerged  in  a  water  seal  to  prevent  air  leakage. 
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ample  proportions,  with  ring  oilers  and  oil  reservoir,  takes  the  weight  of 
the  shaft  and  overhanging  impeller.  The  motor  is  connected  to  the  pump 
shaft  through  a  flexible  coupling,  the  entire  unit  being  mounted  on  one 
base  plate.  The  motor  is  usually  a  three-phase,  60-cycle,  2,200-volt, 
wound-rotor  type,  operating  at  500  rev.  per  minute  with  drum  controller 
and  grid  resistances  for  continuous  duty  from  half  to  full  speed. 

The  pump  is  connected  to  the  suction  and  discharge  lines  through 
heavy  rubber  tubing  called  flexibles.  Steel  tubing  with  peaned  flanges 
is  commonly  used  for  all  lines. 

Transportation, — In  the  case  of  hand  mining  the  loaded  trams  are 
hauled  to  the  plant  by  saddle-tank  locomotives  usually  of  the  17-ton 
class  for  main-line  hauls  and  12  ton  for  yard  and  mine  switching.     The 


Fig.  6. — Phosphate  Washer,  Showing  Settling  Tanks  for  Fine  Sand  on  the 

Right. 


17-ton  dinkey  can  haul  30  cars  on  the  average  mine-track  while  the  12-ton 
can  handle,  20  cars. 

On  both  main  line  and  mine  sidings  40-lb.  rails  are  mainly  used,  but 
30-lb.  rails  are  more  often  used  in  the  mines. 

Washing, — The  tram  cars  are  hauled  up  an  incline  by  a  belt-driven 
hoist  to  a  tipple  where  the  muck  is  discharged,  with  the  aid  of  water,  if 
necessary,  into  a  crusher  hopper. 

The  crusher  is  of  the  single-roll  type,  being  more  of  a  disintegrator 
and  feeder.  Enough  water  is  sprayed  in  at  this  point  to  enable  the  crusher 
to  pass  a  tram  load  through  every  2  min. 

The  crusher  discharges  into  the  low  end  of  a  log  washer,  25  ft.  long, 
set  on  a  slope  of  1  in.  per  foot.    The  solids  are  carried  forward  and  up  the 
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slope  by  the  paddles  of  the  log  which  are  set  on  an  angle  of  45°,  at  the 
same  time  being  subjected  to  a  very  thorough  mixing  so  as  to  emulsify 
the  clay,  some  of  which  is  carried  back  with  the  water  and  phosphate 
sand  to  the  tail  of  the  log  where  it  overflows  an  adjustable  tail  gate,  into 
a  launder  leading  to  the  sand  washer. 

Log  No.  1  discharges  into  a  second  log  washer,  where  fresh  water  is 
added. 

I^og  No.  2  discharges  into  a  conical  tronmiel,  30  and  60  in.  by  17  ft., 
having  a  |-in.  metal  jacket  with  l^-in.  round  perforations,  which 
merely  acts  as  a  shell  for  the  screen,  and  support  for  the  inner  lining 
jacket  of  J-in.  metal  having  |  by  f-in.  slots.  A  4-in.  pipe  extends 
through  the  center  supplying  water  under  pressure  through  J-in.  holes; 
the  water  jets  are  directed  against  the  rock,  and  effectually  remove  the 
undersize  and  remaining  clay. 

The  undersize  of  the  trommel  goes  to  the  sand  washer.  The  oversize 
is  discharged  on  to  a  picking  belt  where  the  clay,  flint  and  limestone  are 
removed  by  boys.    The  picking  belt  discharges  to  the  wet  storage  system. 

The  principal  tonnage  of  phosphate  rock  is  washed  according  to  the 
above  methods.  One  company  uses  drag  conveyors  with  perforated 
bottoms,  instead  of  logs,  water  being  sprayed  from  above.  Another 
company  uses  a  revolving  cylinder  with  flights  serving  to  mix  rock  and 
water,  and  elutriate  the  clay. 

Sand  Washing.— All  the  undersize  from  the  log-  or  rock-washer  de- 
partment is  treated  in  a  separate  sand  washer.  There  are  three  distinct 
systems  used: 

1.  The  sand  is  washed  in  a  drag  classifier  of  the  "  El  Oro"  type  locally 
called  the  riffle  trough.  It  consists  mainly  of  a  double-strand  chain 
flight  conveyor  with  li  by  30  in.  flights  traveling  up  a  slightly  in- 
clined trough,  about  40  ft.  per  minute.  The  sand  pulp  is  fed  near  the 
middle  and  carried  up  past  sprays  of  water.  This  system  is  not  as  eflS- 
cient  a  washer  as  could  be  desired,  has  high  repair  costs  and  a  low  per- 
centage of  recovery. 

2.  Tank  System,  (a)  The  sand  pulp  from  the  rock  washer  is  run  into 
sand  tanks  about  10  ft.  square  and  30  ft.  deep.  When  the  tank  is  full 
the  settled  sand  is  washed  out  through  a  slatted  opening  into  the  siunp 
of  a  steam  pulsometer  pump,  which  elevates  the  pulp  to  the  next  bin. 
This  operation  is  repeated  five  times. 

(6)  Same  as  (a),  but  the  operation  is  made  continuous  by  hydraulic 
ejectors  or  jets,  as  they  are  locally  called,  to  pump  the  sand,  as  it  settles 
into  the  succeeding  bin.  This  system  avoids  the  use  of  expensive  pulso- 
meter pumps  but  requires  more  water,  using  700  gal.  per  minute  to  pump 
80  to  100  tons  of  sand  in  11  hr. 

3.  The  pulp  is  fed  into  the  high  end  of  an  inclined  revolving  cylinder 
provided  with  internal  flights  for  agitation  of  the  charge.    A  counter  cur- 
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rent  of  wash  water  is  supplied  to  carry  oflf  the  elutriated  clay.  The  sand 
is  discharged  at  the  lower  end  by  a  spiral  and  further  dewatered  in  an 
intermittently  discharged  settling  box.     The  overflow  from  the  settling 
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FiQ.  7A. — Modern  Rotary  Dribr,  5  by  40  pt. 

box  and  cylinder  washer  is  further  settled  in  a  tank  with  transverse 
baffles.  The  sand  caught  in  this  tank  is  washed  out  through  holes  in  the 
side  to  a  drainage  pond. 


Fia.  7B. — Old  Method  op  Drying  Lump  Rock  on  Piles  op  Wood. 

A  new  plant  is  now  being  designed  that  will  use  a  dewatering  tank 
the  underflow  of  which  will  be  jetted  into  a  series  of  Dorr  classifiers,  fresh 
water  being  added  to  the  dewatered  sand  before  feeding  into  the  succeed- 
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ing  classifier,  the  final  dewatered  product  going  to  the  wet  storage  system. 
Two  of  the  rakes  near  the  head  end  of  each  classifier  will  be  replaced  by 
spray  pipes.  This  system  has  been  tested  out  with  excellent  results  and 
low  water  consumption.  The  overflow  from  all  the  above  will  be  settled 
in  a  large  20  by  60  ft.  tank.  The  product  settled  in  these  latter  tanks  will 
be  washed  separately  either  in  Dorr  classifiers  or  in  Dorr  thickeners  with 
sprays  on  the  arms. 

Wet  Storage  and  Drainage, — Since  the  material  comes  from  the  wash- 
ers with  25  to  30  per  cent,  moisture,  it  is  very  important  to  provide  a 
drainage  system.  By  storing  from  two  to  three  weeks  the  moisture  con- 
tent is  reduced  to  20  per  cent.,  saving  from  2  to  2ic.  per  ton  of  rock 
in  coal  alone  for  drying,  besides  increasing  the  capacity  of  a  60  in.  by 
40  ft.  dryer  from  90  to  150  tons  in  11  hr.  ^ 

In  the  older  style  plants  the  storage  is  done  in  tanks  or  by  building  up 
in  dumps  with  tram  cars.  The  former  is  necessarily  limited  in  capacity 
and  the  latter  rendered  expensive  on  account  of  the  amount  of  labor  used. 
In  the  modern  plants,  electric  cranes  operating  clam-shell  buckets  are 
used. 

Below  is  given  a  comparison  of  costs  of  the  different  types  of  cranes. 

One  10-ton  electric  traveling  crane  60-ft.  span  (with  2i-yd.  clam-shell 

bucket)  $10,000 

Steel  runway  40  ft.  to  top  rail,  400  ft.  long  10,000 

Generator  capacity  in  power  house,  40  kw.  @  $55  2,200 


Total  $22,200 

One  30-ton,  8-wheeled  locomotive  crane,  standard  gauge,  40-ft.  boom, 
2i-yd.  clam-shell  bucket,  $14,000 

Wooden  trestle  12  by  400  ft.;  material  used  75  per  cent,  heart  L.  L.  Y. 
pine,  with  concrete  foundations  4,000 

Generator  capacity  40  kw.  @  $55  2,200 


Total  $20,200 

One  30-ton  steam  orane  same  as  above  $10,000 

Trestle  4,000 


Total  $14,000 

With  current  at  Ijc.  per  kw-hr.  and  coal  at  $2  to  $2.50  per  ton  the 
Steam  crane  can  be  operated  as  cheaply  as  the  electric,  where  alternating 
current  is  used,  but  with  direct  current  the  cost  is  more  in  favor  of  the 
electric  unit. 

Drying  System. — The  next  step  after  the  storage  of  the  material  in  the 
drainage  piles  is  the  reclamation  of  the  drained  phosphate  and  the  drying 
of  it  in  rotary  driers  or  kilns. 

The  driers  first  used  were  light  in  construction,  giving  trouble  from 
break  downs  and  rapid  wear.    They  were  from  52  to  56  in.  in  diameter 
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and  32  ft.  long.  The  drive  was  by  friction  only  through  the  trunnions. 
Power  consumed  was  high,  averaging  30  h.p.  per  unit  including  fan.  The 
material  was  fed  into  the  hot.  end  of  the  shell.  The  coal  consumption 
averaged  90  to  100  lb.  per  ton  of  rock  dried  to  2  per  cent,  moisture,  with  a 
capacity  of  80  tons  per  drier. 

Modern  driers,  which  are  fed  at  the  cold  end,  are  characterized  by 
heavy  construction  such  as  is  used  in  rotary  cement  kilns.  The  size  of 
the  unit  is  usually  60  in.  by  40  ft.,  and  the  power  for  driving  15  to  20  h.p., 
including  fan  for  forced  draft.  A  view  of  a  modem  rotary  drier  is 
shown  in  Fig.  7. 

These  driers  reduce  135  to  165  tons  of  phosphate  from  20  per  cent, 
moisture  down  to  2  per  cent.,  for  the  lower  capacity  given,  and  down  to  3 
per  cent,  for  the  higher  capacity.  The  coal  consumption  averages  75  lb. 
West  Kentucky  coal  per  ton  of  rock  dried. 

The  dried  phosphate  is  elevated  to  a  sizing  screen  and  storage  hopper, 
by  an  elevator  which  is  usually  a  single  strand  of  No.  Ill  combination 
chain  with  buckets  every  fourth  link.  A  traction  head  pulley  and  plain 
sprockets  and  idlers  are  used  since  the  use  of  sprockets  with  teeth  would 
cut. down  the  life  of  the  chain  75  per  cent.  Such  an  elevator  lasts  three 
years  in  ordinary  service. 

The  phosphate  is  either  chuted  directly  from  the  storage  bin  to  rail- 
road cars  or  else  carried  out  to  storage  sheds  by  an  electric-driven  larry. 
The  older  plants  use  cable-driven  cars  or  push  cars. 

By  storing  the  rock,  advantage  can  be  taken  of  the  residual  heat  to 
remove  at  least  1  per  cent,  of  moisture.  Cars  are  sampled  at  the  works  so 
that  no  credit  is  allowed  for  drying  out  in  transit. 

The  rock  is  stored  in  a  ground-level  shed  and  loaded  into  cars  by  con- 
tract labor.  This  arrangement  appears  to  be  crude,  but  special  conditions 
seem  to  warrant  it. 

Overhead  reinforoed  concrete  storage  10,000  tons  capacity,  980,000 

Per  Ton 

Cost  of  loading  from  above  bin  with  car  loaders 1 .  8c. 

Interest  6  per  cent,  and  amortization  6.7  per  cent 10 .2 

Total  12.0c. 

The  above  is  based  on  a  15-year  mine  life  with  a  capacity  of  100,000  tons  per  annum. 

Electric  traveling  crane $10,000 

Steel  shed  10,000  tons  capacity  with  crane  way 25,000 

Total  $35,000 

Per  Ton 

Cost  of  loading  with  crane  and  oar  loaders 3.9c. 

Interest  and  amortization 4.4 


Total  8.3c. 
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1  Steel  shed,  10,000  ton  capacity $12,000 

Or  wood  construction ' Per  Ton  $5,500 

Cost  hand  loading,  contract  price 7 .5c. 

Interest  and  amortization  on  $12,000 : 1.5 

Total  9.0c. 

The  hand  loading  has  the  important  advantage  of  being  flexible  and 
selective.  The  loader  does  not  load  wet  streaks  of  rock;  he  throws  out 
any  foreign  substance,  spots  and  sweeps  out  his  own  car.  He  loads  the 
car  to  the  required  capacity  or  is  fined. 

The  automatic  scraper  and  belt  conveyor  type  of  loading  equipment 
would  not  be  permissible  on  account  of  not  being  selective. 

Production  Costs. — The  following  were  taken  from  the  average  costs  of 
a  mine  during  six  months  of  good  mining  weather: 

Per 
Ton, 
Cents 

Mining 0.64 

Transportation  and  team  expense 0.23 

Washing 0.46 

Drying 0. 47 

Shipping  and  track  expense 0  09 

Total,  per  dry  ton  2,240  lb.  $1 .89 

Mining  and  Treatment  of  Blue  Rock 

The  outcrop  is  usually  stripped  and  mined  by  hand,  back  to  where  the 
overburden  does  not  exceed  over  12  ft.  on  an  average.  For  extensive 
outcrop  mining  a  steam  shovel  is  used  for  stripping. 

The  underground  work  is  done  on  the  room-and-pillar  system,  the  pil- 
lars being  recovered  on  the  final  round  by  drawing  back.  Main  and  cross 
entries  are  driven  according  to  the  topography,  the  rooms  being  led  off 
from  the  cross  entries  alternately  every  50  ft.  The  ordinary  dimensions 
of  the  room  are  25  by  200  ft.  The  long  axis  of  the  room  is  parallel  with 
the  rock  jointing  so  as  to  obtain  the  maximum  effect  of  the  powder  in 
blasting. 

Advantage  is  taken  of  an  overlying  layer  of  low-grade  kidney  forma- 
tion between  the  blue  rock  and  the  shale  to  make  an  overcut  with  air 
drills  and  to  blast  to  this  face.  The  skull  is  thrown  back  into  the  gob, 
acting  as  a  support  to  the  roof.  Short  timbers  are  used  at  the  face  to 
protect  the  workers  from  the  shale  roof  which  tends  to  slab  off. 

The  rock  is  loaded  and  mined  by  the  contract  system,  into  cars 
holding  about  3,000  lb.  The  loaded  trams  are  pushed  to  the  room  entry 
by  hand  where  they  are  hauled  to  the  mouth  of  the  tunnel  by  mules. 
Here  they  are  made  up  into  trains  and  hauled  to  the  plant  by  a  17-ton 
36-in.  gauge  locomotive. 
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The  surface  plant  is  principally  a  crusher  and  drier.  The  blue  rock  is 
not  subjected  to  any  washing  process. 

The  order  of  machinery,  etc.,  in  the  plant  is:  Gyratory  crusher;  60 
in.  by  60  ft.  rotary  drier  fed  at  cold  end;  crushing  rolls  set  to  J  in.; 
sizing  screen;  cable-driven  storage  larry. 

The  cost  per  ton  for  a  modern  plant  producing  300  tons  per  10  hr.  is: 

Per  Ton 

Bock  at  tipple SI .  30 

Drying 0. 10 

Crushing,  screening  and  stocking 0. 40 

Total  $1.80 

Fine  Dry  Grinding,  Both  Blue  and  Brown  Rock 

A  considerable  tonnage  is  now  being  ground  for  use  as  a  fertilizer 
direct,  or  for  shipment  to  fertilizer  factories  for  acidulation. 

For  phosphate  containing  lumps  ^  in.  or  more  in  size  primary  coarse 
crushers  are  used.  Following  the  coarse  crushers  a  fine-grinding  mill  of 
the  ring  roll  or  Fuller-Lehigh  type  is  used.  One  company  uses  a  Hardinge 
mill.  The  discharge  from  the  fine-grinding  mill  is  elevated  to  sizing 
screens  where  the  final  size  is  taken  out  and  the  undersize  returned  to  the 
mill. 

Two  companies  now  use  tube  mills  after  the  fine-grinding  mill  as 
described  above,  to  reduce  the  phosphate  to  the  final  size. 

The  raw  rock,  for  direct  appKcation  as  a  fertilizer,  is  ground  to  90  or 
100  per  cent,  through  a  100  mesh;  for  acidulation  through  a  60-mesh 
screen. 

Manufacture  of  Acid  Phosphate 

Chemistry. — The  final  step  in  the  treatment  of  phosphate  rock  for  the 
fertilizer  trade  is  its  conversion  from  the  insoluble  tri-calcium  phosphate 
to  the  more  soluble  forms,  by  direct  treatment  with  sulphuric  acid. 

The  following  are  the  basic  reactions  of  the  process: 

(1)  CasPzOs  +  2H2SO4  +  6H2O  =  (CaH4P208  +  2H2O)  +  2(CaS04.- 

2H2O). 

(2)  CaaPsOg-h  3H2SO4  +  6H2O  =  2H3PO4  +  3(CaS04.2H20). 

(3)  CaaPiOg  +  H2SO4  +  6H2O    =  (Ca2H2P208  +  4H2O)  +  (CaS04.- 

2H2O). 

Reactions  (1)  and  (2)  are  the  ones  desired  in  the  manufacturing  proc- 
ess. With  too  little  sulphuric  acid  present  in  the  mix  reaction  (3)  takes 
place,  forming  more  or  less  di-calcium  phosphate,  insoluble  in  water. 
With  an  excess  of  acid,  too  much  phosphoric  acid  is  formed  as  in  (2), 
resulting  in  a  moist  and  lumpy  finished  product. 
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In  determining  the  amount  of  acid  required,  account  must  be  taken  of 
the  consumption  of  the  principal  impurities  as  noted  below. 

Carbonate  of  lime  and  magnesia  are  desirable  to  the  extent  of  5  per 
cent,  because  of  the  heat  furnished  in  the  reaction  with  the  acid,  the 
leavening  effect  of  the  COj  released  and  the  drying  effect  on  the  final 
product  in  storage. 

Fluorite  is  broken  up  by  the  acid,  the  resulting  fluorine  combinini? 
with  the  silica  and  passing  off  in  part  as  the  volatile  H^SiFe.  When 
troublesome,  this  must  be  properly  handled  and  w^hed  in  scrubbers. 

Iron  and  aluminum  oxides  are  the  chief  constituents  that  must  be 
carefully  handled  and  regulated.  They  not  only  consume  acid  but  result 
in  a  moist  lumpy  acid  phosphate,  if  in  excess  of  4  to  4J  per  cent. 

When  the  acid  phosphate  does  not  dry  out  well,  its  quality  and  per 
cent,  of  available  P2O6  may  be  materially  increased  by  adding  raw,  fine- 
ground  phosphate  rock  before  storage  preferably,  but  also  directly  before 
mixing.  Some  advocate  the  use  of  ground  limestone  but  this  will  cause 
some  of  the  soluble  phosphate  compounds  to  revert  to  the  insoluble,  often 
to  the  extent  of  2  to  3  per  cent. 

The  manufacture  of  double  superphosahates  is  done  by  filter  pressing 
out  the  soluble  portions  of  acid  phosphate,  and  evaporating  the  filtrate 
in  pans  to  45  per  cent.  PjOs.  The  concentrated  phosphoric  acid  is  used 
to  treat  a  fresh  charge  of  raw  phosphate  rock: 

Ca,P208  +  4H3PO4  +  6H2O  =3(CaH4P208)  +  2H2O. 

This  is  a  highly  concentrated  product  used  mainly  for  export  trade. 

Manufacture, — The  lump  and  sand  phosphate  is  unloaded  from  the 
railroad  cars  by  hand  and  wheeled  in  a  barrow  to  the  storage  pile  or  to 
the  coarse  crusher.  From  the  coarse  crusher  the  phosphate  is  elevated 
into  feed  hoppers  of  the^  fine-grinding  mills.  The  mills  and  the  process 
used^are  the  same  as  described^ previously  undeij  "Fine  Grinding."  A 
mill  that  is  much  used,  with  satisfaction,  not  previously  mentioned,  is 
the  three-roll  Griffin  mill. 

The  ground  phosphate  is  next  treated  in  a  mixing  pa;n,  in  batches  of 
1  to  2  tons,  the  ratio  of  acid  to  rock  being  1,000  lb.  rock  to  1,000  to  1,008 
lb.  50°  B^.  acid.  One  type  of  mixing  pan  is  a  round  cast-iron  pan  revolv- 
ing slowly,  with  one  or  two  sets  of  stirring  arms  or  plows,  also  revolving 
but  at  a  higher  rate. 

When  completely  mixed,  the  contents  of  the  pan  are  discharged 
through  bottom  doors  into  a  square  concrete  or  brick  chamber  below, 
called  a  den.     Here  the  reactions  continue  aided  by  the  heat. 

After  remaining  in  the  den  for  about  48  hr.,  or  until  the  mass  becomfes 
cool,  the  contents  are  again  discharged  through  bottom  doors,  by  manual 
labor,  into  an  elevating  and  conveying  system  that  carries  the  acid  phos- 
phate to  large  storage  piles. 
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The  manufacturing  process  is  carried  on  the  year  around,  but  ship- 
ment is  made  principally  during  three  months  in  the  spring  and  two 
months  in  the  fall. 

Before  shipping  to  the  consumer  it  is  usual  to  add  enough  ammoniates 
and  potassium  salts  to  make  up  a  complete  fertilizer. 

During  shipping  seasons  the  acid  phosphate  is  reclaimed  from  the 
storage  piles  by  hand  labor,  wheeled  to  the  mixing  and  bagging  system. 
This  consists  mainly  of  a  disintegrator  which  breaks  up  the  lumps  of  the 
acid  phosphate;  a  screen  takes  the  discharge  from  the  disintegrator  and 
returns  the  oversize,  the  undersize  being  sent  to  the  mixing  machine, 
where  it  is  mixed  with  the  proper  amounts  of  ammoniates,  potash  salts 
and  filler.  The  mixed  product  is  bagged  in  a  bagging  machine,  weighed 
and  delivered  to  cars  by  hand. 

It  will  be  noted  that  there  is  a  large  amount  of  hand  labor  included 
in  the  scheme  of  operation  that  might  be  eliminated  by  properly  designed 
machinery,  and  such  is  beginning  to  be  included  in  modem  plants. 

The  costs  vary  widely  with  the  different  freight  rates  on  acid  and  rock. 
To  the  costs  of  raw  Aaterial  the  additional  charges  for  acidulation, 
mixing,  and  shipping  are  from  $1  to  $1.25  per  ton.  There  is  a  loss  of 
about  7  per  cent,  in  the  manufacture  of  the  acid  phosphate  that  must 
also  be  taken  into  account. 

A  plant  with  a  capacity  of  125  tons  of  acid  phosphate  per  day  will  cost 
erected  complete  $100,000.  However,  the  principal  outlay  in  connection 
with  the  fertilizer  business  is  the  selling  of  goods  on  credit  to  farmers, 
which  may  amount  in  a  business  of  usual  volume  to  as  much  as  $400,000, 
for  a  plant  of  the  capacity  mentioned  above. 

The  present  selling  price  of  bagged  acid  phosphate  f.o.b.  cars  Mt. 
Pleasant,  Tenn.,  is  $14  per  ton  for  14  per  cent.  P2O5  material,  with  $1 
added  for  each  unit  above  14  per  cent.  The  price  of  the  complete, 
fertilizer  varies  according  to  analysis,  the  base  prices  being  $22.50  and 
$18. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  revisionI 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  a 
meeting  of  the  Institute.  If  this  is  impossible,  then  discussion  m  writing  may  be  sent  to  the  Editor, 
American  Institute  of  Mining  Engineers,  29  West  39th  Street,  New  York,  N.  Y.  Unless  special 
arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1,  1914. 


Rock  Disturbances  Theory  of  Petroleum  Emanations  vs.  the  Anti- 
clinal or  Structural  Theory  of  Petroleum  Accumulations 

BY  EUGENE   COSTE,   CALGARY,    ALBERTA,    CANADA 
(New  York  Meeting,  February,  1914) 

Althouqh  some  of  the  observers  who  first  paid  especial  attention 
to  the  occurrences  of  oil  and  gas  in  the  strata  (such  as  Hunt  in  1859, 
Andrews  in  1861,  Winchell  in  1865,  Mendelejefif  in  1876,  Hofer  in  1876, 
Minshall  in  1881,  and  I.  C.  White  in  1883)  seem  to  have  been  impressed 
with  the  fact  that  oil  and  gas  deposits  were  connected  with  the  dis- 
turbances in  the  rocks  caused  by  their  upheaval,^  yet,  with  the  exception 
of  Mendelejeff,  and  possibly  Andrews,  these  observers  do  not  appear  to 
have  understood  what  is  really  the  one  essential  factor  in  the  occurrence 
of  oil  and  gas  in  the  strata:  viz.,  the  faulting,  uplifting,  fracturing,  fis- 
suring,  and  jointing  always  accompanying  even  slight  rock  disturbances, 
and  in  certain  districts  (petroliferous  provinces)*  allowing  solfataric  hy- 
drocarbon emanations  to  force  their  way  up  from  the  interior  and  to 
reach  and  impregnate  the  porous  portions  of  sediments  subjected  to  the 
disturbances.  Instead  of  this  simple  explanation  to  account  for  the  ob- 
served connection  between  petroleum  deposits  and  rock  disturbances, 
most  of  the  observers  mentioned  above,  and  many  others  who  have  fol- 
lowed them  on  the  same  lines  since,  have  entirely  reversed  the  problem. 
To  them,  instead  of  the  dissemination  of  gases  from  fissures  into  the 
sediments,  it  presented  the  accumulation  and  concentration,  according  to 
anticlinal  or  other  geologic  structures,  of  oil  and  gas  originally  present 
throughout  the  whole  mass  of  the  strata  where  they  were  produced  by 
the  decomposition  or  distillation  of  organic  remains. 

Whether  this  important  problem  involves  accumulation  from  sources 
within  the  oil-bearing  strata  themselves,  or  infiltration  and  dissemination 
from  outside  sources,  may  be  easily  determined  if  all  preconceived  ideas 
are  put  aside  and  the  established  facts  only  are  considered. 

Physical  Facts 

Sedimentary  strata  are  composed  of  alternate  beds  of  shales,  sand- 
stones, and  limestones,  most  of  which  are  sufficiently  close-grained  to 

^  West  Virginia  Geological  Survey,  vol.  lA,  pp.  49  to  53  (1904). 
*  Petroleums  and  Ck>als,  Journal  of  the  Canadian  Mining  InstitiUe,  vol.  xii,  pp. 
273  to  301  (1909). 
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have  retained  from  the  time  of  their  deposition  enough  water,  held  in  their 
minute  pores  by  capillary  action,  to  fill  all  the  spaces  between  their  grains 
and  render  them  entirely  impervious  to  other  fluids.  Shales  or  consoli- 
dated clays  form  the  bulk  of  the  sediments  and  are  especially  fine-grained 
saturated  impervious  rocks,  but  many  beds  of  sandstone  or  limestone  are 
also  quite  impervious.  Carll,  Lesley,  White,  and  Orton  have  often  re- 
ferred in  their  reports '  to  the  wonderful  impermeability  of  the  sedi- 
mentary strata  of  the  oil  regions.  A  sufficient  proof  is  the  very  strong 
natural  gas  pressures  always  recorded  in  the  gas  and  oil  deposits,  and  the 
great  differences  in  the  pressure  of  the  gas  of  different  sands  tapped 
at  various  depths  in  the  same  well,  or  in  nearby  wells  in  the  same  pool 
or  field.  These  strong  pressures  and  wide  differences  in  pressure  have 
been  noted  in  thousands  of  wells  drilled  in  the  10,000  or  12,000  ft.  of 
sedimentary  strata  along  the  Appalachian  oil  belt,  for  instance,  from  New 
York  State  through  Pennsylvania,  West  Virginia,  Ohio,  and  Kentucky 
to  Tennessee. 

In  order  to  explain  the  retention  of  this  gas  under  strong  pressures  (up 
to  1,500  lb.  per  square  inch  in  some  cases)  in  so  many  thousands  of 
separate  spots  and  at  depths  sometimes  as  shallow  as  100  ft.  and  varying 
from  that  to  4,000  ft.,  we  must  certainly  conclude  that  the  sedimentaries 
forming  the  substrata  of  this  vast  region  and  ranging  through  many 
geological  ages  are  remarkably  impervious.  It  is  for  this  reason  alone  that 
the'  petroleum  deposits  have  not  escaped  to  the  surface,  and  have  been 
preserved  in  a  multitude  of  separate  pockets,  pools,  or  fields,  with  dif- 
ferent pressures,  though  often  quite  close  to  one  another  and  always  com- 
paratively near  the  surface.  Yet  without  an  iota  of  evidence  we  are  asked 
to  admit  the  reverse  of  what  we  see  everywhere  to  be  the  case;  and  we  are 
told  by  the  advocates  of  the  anticlinal  theory  that  these  impervious  rocks 
which  confine  the  gas  and  oil  in  their  present  reservoirs  are  themselves  the 
source  from  which  these  substances  were  obtained.  If  it  is  impossible 
for  the  natural  gas,  notwithstanding  its  strong  pressure,  to  traverse  the 
100  ft. — or  the  3,000  or  4,000  ft.  at  the  most — ^which  separate  it  from  the 
surface,  it  is  still  more  clearly  impossible  that  it  could  have  accumulated, 
according  to  the  anticlinal  theory,  by  traveling  miles  through  the  same 
surrounding  rocks  to  its  present  reservoirs,  from  supposed  minute  organic 
sources  distributed  throughout  the  very  same  impervious  sediments. 

Again,  if,  as  required  by  the  anticlinal  theory  of  oil  and  gas  accumula- 
tion from  within  the  sediments  themselves,  these  products  could  circulate 
freely  through  the  minute  pores  and  mass  of  the  shales,  such  a  movement 
could  and  would  have  commenced  immediately  after  the  deposition  of  the 
sediments,  while  they  were  still  lying  flat  and  undisturbed.    It  is  entirely 

«  Pennsylvania  Geological  Survey  Reports,  1885,  p.  665;  1890,  pp.  12, 13.  West 
Virginia  Geological  Survey,  vol.  lA,  p.  63  (1904).  BuUetin  of  the  Geological  Society  of 
AmeHca,  vol.  ix,  pp.  95,  96  (1897). 
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superfluous  to  assert  that  the  upward  movements  of  the  petroleums  in  the 
sediments  were  started  by  a  slight  folding  of  the  rocks,  either  in  the  form 
of  an  anticline  or  any  other  form,  "by  which  the  oil,  gas  and  water  may 
have  been  separated  out  and  the  oil  concentrated  in  one  locality."*  The 
supposed  organic  petroleum  products  if  they  could  move  freely  through 
the  sediments,  whether  from  the  action  of  gravity,  hydraulic  pressure, 
or  any  other  cause,  would  certainly  start  up  toward  the  surface  as  soon  as 
formed;  they  would  never  stop  until  reaching  it;  and  therefore  there  would 
be  no  oil  or  gas  at  all  found  in  the  sediments  to-day.  In  the  Californian 
fields,  Madill,  Wheeler  and  other  fields  in  Oklahoma,  the  Athabasca  region 
of  Canada,  and  many  others,  the  productive  sands  are  in  unconformable 
formations,  and  sometimes  right  above  the  unconformities.  To  suppose 
that  in  these  cases  the  petroleum  in  the  lower  bed  of  the  Cretaceous,  for 
instance  (Dakota  sandstone  in  Canada,  or  Trinity  sandstone  at  Madill),  is 
derived  from  the  unconformable  Paleozoic  rocks  underneath,  is  to  ignore 
the  long  lapse  of  time  between  Paleozoic  and  Cretaceous  times,  which  was 
certainly  sufficient  to  exhaust  out  of  the  Paleozoic  into  the  air,  long  before 
the  deposition  of  the  Cretaceous  beds,  all  petroleum  products  formed  from 
the  decomposition  of  Paleozoic  organic  remains.  If  several  unconform- 
able formations  (and  in  California  there  are  at  least  three  or  four  marked 
unconformities  between  different  productive  sands)  contain  petroleums 
in  the  same  district  and  none  at  all  in  other  districts  with  the  very  same 
sequence  of  formations,  it  must  be  due  to  some  source  for  the  petroleums 
outside  of  all  these  sediments,  and  to  some  infiltration,  at  a  period  more 
recent  than  the  youngest  productive  formation,  from  a  source  beneath 
the  oldest. 

In  all  cases,  therefore,  the  anticlinal  theory  of  petroleum  accumula- 
tions from  sources  within  the  sediments  themselves  fails  to  explain  how 
the  petroleums  could  possibly  enter  the  porous  portions  of  the  sands, 
and  remain  there,  and  not  continue  their  migration  to  the  surface.  On 
the  contrary,  solfataric  petroleum  emanations,  through  the  agency  of 
rock  disturbances  and  fissuring,  may  enter  and  be  retained  in  a  patch 
of  porous  sands  entirely  surrounded  by  impervious  rocks  and  there  sepa- 
rate their  component  hydrocarbons,  and  associated  gases  and  vapors 
more  or  less  according  to  gravity,  the  gas  working  its  way  to  the  higher 
parts  of  the  porous  sands,  the  water,  if  any,  remaining  in  the  lower  parts, 
and  the  oil  floating  on  the  water,  between  it  and  the  gas.  In  dry  sands, 
such  as  the  deep  sands  of  Pennsylvania  and  West  Virginia,  the  oil  will 
naturally  work  down  more  or  less  to  the  lower  part  of  the  porous  portions 
impregnated  and  will  often  be  found  in  synclines.  That  part  of  the  anti- 
clinal theory  which  provides  for  a  certain  amount  of  separation  of  the 
water  and  of  the  different  petroleums  once  they  have  reached  a  porous 

<F.  G.  Clapp:  Economic  Geology,  vol.  vii,  No.  4,  p.  380  (June,  1912). 
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reservoir^  is,  of  course,  true.  But  even  this  has  been  much  exaggerated; 
since  the  sand  reservoirs  in  the  oil  and  gas  fields  are  very  irregularly 
porous,  and  far  from  forming  ideal  tanks  like  a  bottle  or  a  room.  Many 
impervious  streaks  or  patches  of  various  forms  are  found  in  the  very 
heart  of  their  porous  portions,  and  they  are  seldom  continuously  porous 
over  large  areas.  During  the  periods  of  disturbance  there  was  also  much 
Assuring  and  jointing;  and,  under  the  strong  pressures  of  the  gas  always 
present  in  the  petroleum  emanations,  these  irregular  tanks  could  not  be 
filled  up  in  the  theoretical  manner  mentioned  above.  Every  day,  in 
the  drilling  of  wells  this  theoretical  arrangement  of  gas  first,  in  the  higher 
portions  of  the  reservoirs,  then  oil  and  then  water,  is  entirely  reversed. 
Every  day  dry  holes  or  oil  wells,  or  salt-water  wells  are  "drilled  in" 
on  the  top  of  the  anticlines  while  large  gas  wells  are  obtained  away 
down  on  the  slopes  or  at  the  bottom  of  synclines.  On  the  other  hand, 
many  anticlines  are  barren  of  petroleums,  although  these  anticlines  are 
developed  in  sedimentary  formations  where  every  requisite  condition 
demanded  by  the  anticlinal  theory  is  absolutely  fulfilled:  namely,  fossil- 
iferous  strata;  porous  arched  reservoirs;  impervious  covers;  and  water 
4  in  the  porous  rocks;  but  where  the  essential  factor  is  missing:  namely, 
the  rock  disturbance  producing  the  necessary  fissure  through  which  the 
solfataric  hydrocarbon  emanations  could  force  their  way  up  to  the  porous 
reservoirs. 

The  structure  of  many  an  oil  or  gas  field  has  no  resemblance  to  an 
anticlinal  structure.  A.  Beeby  Thompson  in  a  paper*  read  before  the 
Institution  of  Mining  and  Metallurgy  of  London,  England,  in  which 
he  reviews  the  relationship  of  structure  to  the  occurrence  of  petroleum, 
graphically  illustrates  by  many  good  sections  the  great  diversity  of  oil 
and  gas  field  structures  and  thus  plainly  demonstrates  the  reverse  of 
what  he  advances  in  the  text :  namely,  that  oil  and  gas  fields  are  generally 
connected  with  anticlines  and  that  "an  anticlinal  structure  favors  the 
accumulation  of  oil"*  and  ^'played  a  most  important  part  in  the  forma- 
tion of  oil  fields"^  Indeed,  a  number  of  prolific  and  prominent  oil  fields 
are  shown  by  Mr.  Thompson's  diagrams  to  exist  in  strata  pre- 
senting structural  conditions  entirely  different  from  anticlines.  Other 
instances  and  examples  to  show  that  oU  and  gas  fields  are  found 
under  all  sorts  of  structural  conditions  have  been  often  furnished 
by  other  writers  in  their  studies  of  the  different  oil  fields  of  the  world, 
especially  of  America.  It  has  been  found  necessary  really  to  transform 
the  anticlinal  theory  by  expanding  it  into  a  structural  theory  including 
all  sorts  of  other  forms.     This  structural  theory  was  elaborated  by  F.  G. 

•  Transactions  of  the  InstUtUion  of  Mining  and  Metallurgy,  vol.  xx,  pp.  215  to  237 
(1910-11). 

•  BvUetin  No.  77,  Institution  of  Mining  and  MetaUvrgy,  p.  2  (Feb.  15, 1911). 
'/d«fii,  No.  78,  p.  4  (Mar.  16,  1911). 
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Clapp  in  his  papers  in  Economic  Geology  (vol.  v,  No.  6,  SepL,  1910,  pp. 
503  to 521,  and  vol.  vii,  No.  4,  June,  1912,  pp.  364  to  381).  What  the 
author  principally  proves  from  his  classification  of  oil  and  gas  fields  is 
really  petroleum  deposits  are  not  dependent  on  or  controlled  by  any  kind 
of  structure  whatever.  Such  deposits  are  found,  according  to  this 
classification:  (1)  on  strong  anticlines  standing  alone;  (2)  on  well-de- 
fined alternating  anticlines  and  synclines;  (3)  on  monoclines  with  change 
in  rate  of  dip;  (4)  on  structural  terraces;  (5)  on  broad  geanticlinal  folds; 
(6)  on  bulged  anticlinals;  (7)  in  saline  domes;  (8)  around  volcanic  rocks; 
(9)  along  sealed  faults;  (10)  sealed  in  by  asphaltic  deposits;  (11)  at 
contact  of  sedimentary  and  crystalline  rocks;  (12)  in  joint  cracks  of  sedi- 
mentary rocks;  and  (13)  in  crystalline  rocks.  To  these  classes  of  de- 
posits may  be  added  the  following:  (14)  on  gentle  slopes  or  monoclines 
without  any  change  in  the  rate  of  dip,  as  the  Welland  field,  Ontario,  the 
Madill  field  in  Oklahoma,  etc.;  (15)  in  vertical  veins  cutting  across  the 
strata  such  as  the  gilsonite  veins  in  Utah,  the  albertite  vein  in  New 
Brunswick,  Canada,  and  the  grahamite  vein  near  Cairo,  West  Va.; 
(16)  in  quicksilver  and  other  metallic  veins;  (17)  in  and  along  volcanic 
or  igneous  dikes;  (18)  in  meteorites;*  (19)  in  the  volcanic  emanations  of 
to-day;  and  (20)  in  synclines. 

With  so  many  different  classes  of  petroleum  deposits,  it  is  clear 
that  the  structure  in  itself  is  not  the  controlling  factor  and  that  too  much 
weight  has  been  attached  to  the  form  or  folding  of  the  sediments  sur- 
rounding the  petroleum  deposits.  In  order  to  make  the  anticlinal 
theory  fit  everywhere  unwarranted  new  names  have  been  given  and  super- 
natural properties  have  been  attributed  to  certain  structures  (such  as 
"arrested  anticlines"  and  "quaquaversal  domes")  which  in  no  possible 
way  could  of  themselves  affect  the  oil  or  gas  accumulations. 

Even  along  the  Appalachian  oil  belt,  which  is  supposed  to  give  many 
typical  examples  of  anticlinal  structures,  it  is  well  known  that  the 
oil  and  gas  fields  are  really  in  the  bottom  of  a  deep  geo-syncline  between 
the  Cincinnati  anticline  and  the  Appalachian  uplift.  These  so-called 
anticlines,  on  which  the  oil  and  gas  fields  have  been  developed  in  that 
region,  are  mere  wrinkles  of  small  amplitude  in  the  bottom  of  that  deep 
geo-syncline.  The  height  of  each  wrinkle  is  only  a  few  hundred  feet 
at  the  most,  and  therefore  (if  the  sands  were  continuously  porous,  and 
the  strata  in  general  were  as  permeable  as  the  anticlinal  theory  requires 
to  explain  the  accumulation  of  the  large  quantities  of  petroleums  obtained), 
the  oil  and  the  gas  would  not  have  stopped  on  or  near  the  summit  of  arch 
of  these  wrinkles  of  porous  sands,  but,  if  the  covers,  of  these  sands  were 
impervious,  would  have  traveled  along  the  sands  from  one  arch  to  the 
other  and  gradually  up  the  western  or  the  northern  slope  of  the  geo- 


*Bidletin,  No.—,  U.  S.  Geological  Survey,  p.  632. 
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syncline  until  reaching  the  surface  at  the  outcrops  of  the  sands  in  Ohio, 
or  northern  Pennsylvania  and  New  York  State.  Many  differences  in 
pressure  have  been  noted  between  the  gas  found  on  one  of  the  wrinkles 
and  that  in  the  same  sand  on  the  adjoining  one.  The  few  hundred  feet  of 
water  in  the  syncline  between  these  two  wrinkles  could  not  possibly  pre- 
vent the  gas  from  traveling  from  one  to  the  other  and  equalizing  that 
pressure,  and,  as  I  have  said  above,  could  not  possibly  prevent  the  gas 
from  getting  out  up  the  slopes  of  the  geo-syncline  to  the  outcrops. 

In  the  Gulf  oil  fields  of  Louisiana  and  Texas,  it  is  still  more  clearly 
evident  that  the  particular  shape  or  structure  of  the  salines  or  mounds  was 
not  a  factor  in  the  accumulation  of  oil  from  the  surrounding  sediments. 
These  salines  cover  indeed  such  small  areas  that  it  is  only  a  stretch  of  the 
imagination  to  suppose  that  the  enormous  quantities  of  oil  obtained  from 
under  them  could  possibly  be  derived  from  the  strata  affected  by  what  has 
been  called  the  "quaquaversal  doming"  under  the  salines.  Moreover, 
this  doming  does  not  extend  to  the  Tertiary  or  Cretaceous  clays  and  sands 
surrounding  the  salines  or  mounds;  and  therefore  this  particular  structure 
could  not  be  a  determining  factor  of  oil  accumulations  from  the  surround- 
ing sediments.  On  the  contrary,  it  is  well  established  that  the  sediments 
under  the  salines  have  been  replaced  by  masses  of  salt,  limestone,  dolomite, 
silica,  sulphur,  and  gypsum,  of  secondary  origin  from  solutions  moving 
vertically  and  carrying  hot  oils,  hot  water,  and  hydrocarbon  and  sulphur 
gases,  and  that  these  products  did  not  extend  horizontally  into  the  im- 
pervious sediments  surrounding  the  chimney-like  channels  under  the 
salines;  also,  that  these  salines  are  distributed  along  lines  of  deep  faults 
which  were  evidently  the  first  channels  for  emanations  of  the  hydro- 
carbons and  other  vapors  and  waters,  before  they  finally  came  out  to,  or 
near,  the  surface  through  the  chimneys  under  the  salines.  What  has 
structure  to  do  with  occurrences  of  oils  in  deposits  of  this  kind,  which  are 
clearly  due  to  the  rock  disturbance  under  the  salines,  and  to  hot  gas- 
aqueous  emanations  coming  up  from  below?  This  explains  the  fact 
that  oil  in  large  quantities  is  "struck"  at  many  different  levels  under  the 
salines,  and  none  is  struck,  outside  of  the  salines,  in  the  surrounding 
sediments. 

That  these  are  solfataric  volcanic  emanations  is  made  plain  by  the 
occurrences  of  oil  a  little  further  south,  along  the  same  coastal  plain,  in 
Mexico.  There  one  can  actually  observe  numerous  volcanic  necks  of 
olivine  basalt,  scattered  at  wide  intervals,  and  also  distributed  along  fault 
lines  similar  to  the  lines  connecting  the  salines  of  Texas  and  Louisiana; 
and  these  volcanic  necks  are  surrounded  by  large  seepages  of  asphalt  and 
the  very  prolific  oil  fields  of  this  region  are  all  developed  inclose  proximity, 
around  these  volcanic  necks.  F.  G.  Clapp  in  a  paper  in  Economic  Geology 
(vol.  vii.  No.  4,  June,  1912)  says  with  regard  to  this  class  of  oil  deposits  in 
Mexico: 
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"In  close  proximity  to  the  basaltic  upheavals,  them  Tamasopo  limestone  and  over^ 
lying  formations  have  been  domed  upward,  forming  pockets  or  places  of  change  in 
rate  of  dip  at  the  base  of  the  upheavals  and  surrounding  them,  where  large  deposits 
of  oil  have  accumulated. 

It  is  known,  however,  that  these  Mexican  lava  cores  form  really 
vertical  pipes,  which  may  be  said  to  have  drilled  themselves  upward 
through  undisturbed  and  almost  horizontal  strata  of  shales,  limestones, 
and  sandstones.*  and  Mr.  Clapp  himself  admits  that  in  his  hypothetical 
cross-section  of  one  of  the  Mexican  oil  fields.  ^®  The  supposed  action  of  the 
doming  referred  to  by  Mr.  Clapp  would  therefore  have  been  so  infini- 
tesimal as  to  be  entirely  negligible  in  considering  the  accumulations  of 
oil  out  of  the  surrounding  sediments.  According  to  Mr.  Clapp's  theory 
the  Cretaceous  sediments  surrounding  the  lava  cones  of  Mexico  tenaciously 
held  back  in  their  pores,  during  long  ages,  enormous  quantities  of  petro- 
leum products,  until  such  time  as  the  volcanic  peaks  and  needles  pierced 
through  them  in  late  Tertiary  times.  In  doing  so  the  volcanic  cores  tilted 
only  very  slightly  the  sediments  immediately  surrounding  them.  It 
would  be  impossible  for  this  slight  tilting  of  very  small  portions  of  the 
whole  mass  of  the  strata  of  this  region  to  effect  the  immediate  release  from 
these  sediments  of  the  enormous  quantities  of  oil  supposed  to  have  been  so 
firmly  held  by  them  during  long  periods;  and  it  can  only  be  concluded  that 
the  effect  of  structure  in  this  case  at  least  has  evidently  been  much  over- 
drawn. Why  should  so  much  be  demanded  from  poor  impotent  structure 
alone,  when  it  is  manifest  that  these  Mexican  petroleum  deposits  are 
directly  connected  with  vulcanism,  and  due  to  solfataric  volcanic  emana- 
tions accompanying  the  upheavals  of  the  basaltic  cones? 

Many  other  instances  to  show  that  structure  is  not  a  determining 
factor  in  the  migration  and  accumulation  of  oil  in  the  California  fields  may 
be  found  in  the  reports  of  Arnold,  Anderson  and  Johnson.  These  authors 
summed  up  their  conclusions  as  follows:" 

**  This  migratory  faculty  may  be  ascribed  entirely  to  the  presence  of  the  associated 
gas  which  would  cause  the  oil  to  fill  every  crevice  offering  a  point  of  escape  or  a  point  of 
lodgment." 

''The  Condition  of  the  rocks  is  the  chief  factor  that  controls  the  matter  of  where  the 
oil  is  stored  most  abundantly." 

In  California,  "many  of  the  'oil  sands'  so  called,  are  not  true  sands,  but  zones  of 
fractured  shale  or  flint  offering  interspaces  in  which  the  oil  can  gather." 

''Large  accumulations  in  anticlines  may  be  accounted  for  primarily  by  the  cavities 
offered  by  the  strata  along  upward  folds,  and  secondarily  by  the  presence  of  less 
pervious  beds  arching  over  such  folds  and  affording  favorable  conditions  for  the  con- 
finement of  oil  and  gas  tending  to  escape." 

•  Mining  and  Scientific  RevieWf  Aug.  24,  1907,  pp.  247, 248.  Journal  of  the  Canadian 
Mining  InstUtUe,  vol.  xii,  p.  281  (1909). 

"  Economic  Geology,  vol.  vii,  No.  4,  Fig.  58,  p.  378  (June,  1912). 

"  M.  R.  Campbell:  Economic  Geology,  vol.  vi,  No.  4,  pp.  387,  388  (June,  1911). 
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If  to  these  conclusions  is  added  the  consideration  of  the  many  strong 
faults  and  disturbances  always  plainly  in  evidence  in  the  fields  of  Cali- 
fornia, and  also  the  consideration  of  the  fact  that  in  these  fields  a  number 
of  unconformable  formations,  from  and  including  the  crystalline  gneisses 
to  the  Quaternary,  are  productive  of  oil,  it  will  be  readily  understood  that 
the  migration  of  oil  is  effected  vertically  along  fissures  and  from  a  source  be- 
neath the  crystalline  gneisses  instead  of  horizontally  and  more  or  less 
under  the  determining  influence  of  the  structure. 

The  same  conclusion  has  been  reached  by  Washburne  in  the  Florence 
field  of  Colorado:  viz.,  that  geologic  structure  has  had  little  or  no  in- 
fluence on  the  movement  or  the  accumulation  of  oil  which  is  present  mostly 
in  open  fissures  in  a  zone  of  shales  2,500  ft.  thick,  at  the  bottom  of  a 
syncline. 

Geologic  Facts 

Simple  and  well-known  geological  conditions  and  considerations  prove 
just  as  conclusively  that  the  occurrences  of  oil  and  gas  in  the  strata  can 
only  be  attributed  to  a  process  of  infiltration,  dissemination,  and  impreg- 
nation of  the  porous  portions  of  the  sediments  from  deep  solf  ataric  volcanic 
sources.  As  I  have  already  on  several  other  occasions**  presented  in  detail 
a  number  of  facts  and  arguments  in  support  of  these  views,  I  will  here  only 
recapitulate  the  principal  points  as  briefly  as  possible: 

1.  In  the  solfataric  volcanic  phenomena  enormous  quantities  of  hydro- 
carbon gases  and  vapors  are  constantly  thrown  out  in  the  air  in  all  the 
volcanic  districts  of  the  world.  See  my  previous  papers  and  Dr.  G.  F. 
Becker,  Bulletin  No,  401,  U,  S.  Geological  Survey ,  for  short  reviews  of  this 
evidence,  which,  however,  will  be  found  at  length  in  the  writings  of  the 
eminent  geologists  and  chemists  who  have  made  special  original  studies 
on  this  subject,  notably,  Elie  de  Beaumont,  Humboldt,  De  Lapparent, 
Suess,  Fouqu^,  Le  Blanc,  Silvestri,  Stocklassa,  Brun,  Charles  Sainte- 
Claire  Deville,  Lacroix,  Gauthier,  Tschermak,  Janssen,  Libbey  and  Soko- 
low.  A.  Gauthier,  for  instance,  has  shown  not  only  that  hydrocarbons  and 
other  combustible  gases  are  to  be  found  in  the  lavas  or  volcanic  rocks 
of  to-day,  or  associated  with  these  rocks  in  their  eruptions,  but  that 
enormous  quantities  of  these  combustible  gases  are  contained  also  in 
ancient  igneous  rocks,  and  that  by  simply  warming  these  rocks  to  a 
moderate  red  heat  he  could  extract  from  them  at  least  100  times  their 
volume  of  mixture  of  combustible  gases  and  water  vapor. 

*'  Natural  G&a  in  Ontario,  Journal  of  the  Canadian  Mining  InstittUef  vol.  iii,  pp. 
68  to  89  (1900).  The  Volcanic  Origin  of  Natural  Gas  and  Petroleum,  Journal  of  the 
Canadian  Mining  Institute ^  vol.  vi,  pp.  73  to  123  (1903).  Petroleum  and  Ck)als, 
Journal  of  the  Canadian  Mining  InstUvie,  vol.  xii,  pp.  273  to  301  (1909).  The  Volcanic 
Origin  of  Oil,  Trans.,  xxxv,  288  to  297  (1904).  Fallacies  in  the  Theory  of  the  Organio 
Origin  of  Petroleum,  Transactions  of  the  Institution  of  Mining  and  Metallurgy ^  vol.  xxi, 
pp.  91  to  192  (1911-12). 
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After  giving  the  details  of  his  experiments  and  analyses  he  says^' 

''Putting  aside  the  reactions  pertaining  in  the  melted  portion  of  the  interior  of  the 
globe,  if  we  consider  what  happens  when  certain  already  crystallized  masses  of  the  crust 
are  reheated  to  red  heat  on  account  of  their  sinking  internally,  or  because  lateral 
pressures  of  different  parts  of  the  crust  cause  an  uplift  of  the  melted  rocks  from  the 
interior  along  the  points  of  minimum  resistance.  When  these  rocks  already  solidified 
once  are  thus  reheated  by  the  incandescent  masses  it  will  be  seen  that  they  will  be 
bound  to  give  off  by  all  possible  vents  the  gases  and  vapors  produced  in  the  experiments 
just  cited  and  recorded.  From  these,  as  we  have  seen,  one  liter  of  granite  gave  (at 
1,000°  and  calculated  only  for  this  temperature)  about  20  liters  of  various  gases  and  89 
liters  of  water  vapor,  that  is  to  say,  more  than  one  himdred  times  its  volimie  of  gases. 
One  can  imderstand  from  this  the  great  explosive  force  due  to  these  reactions,  and  that 
it  is  not  at  all  necessary  to  admit  the  hypothesis  of  the  penetration  of  superficial  or 
meteoric  waters  down  to  the  igneous  masses  as  a  necessary  condition  to  the  production 
of  volcanic  phenomena ....  One  wiU  understand  that  to  explain  the  origin  of  the 
water  in  volcanoes,  the  nature  of  the  gases  emanated  and  the  violence  of  the  eruptive 
phenomena,  that  it  is  sufficient  for  the  deep  crystalline  strata  to  be  reheated  only  a  few 
hundred  degrees,  and  the  emanation  of  volcanic  gases  with  their  composition  (com- 
bustible gases)  and  their  formidable  pressures,  will  be  the  necessary  result  of  this 
reheating." 

Dr.  Albert  Brun  in  his  Researches  sur  VExhalaison  Vokanique  gives 
many  interesting  analyses  of  the  gases  found  in  volcanic  rocks,  and  given 
off  at  volcanic  or  explosive  temperatures,  that  is  to  say,  above  600°  or 
800°  C,  which  he  recognizes  as  the  only  true  volcanic  gases.  These 
analyses  show  that  hydrocarbons  are  frequent  in  volcanic  rocks  all  over 
the  earth  and  that  they  are  sometimes  quite  abundant.  For  instance, 
in  an  obsidian  from  the  Plomb  du  Cantal,  France: 

"The  analysis  showed  that  the  vapor  which  is  distilled  is  slightly  ammoniacal  and 
carries  much  bitumen.  Heated  in  the  vacuum  its  fused,  vitreous  residue  is  perfectly 
black  with  carbon.  Moreover,  there  is  enough  bitumen  present  to  form  on  the  cold 
parts  of  the  apparatus  oily  striations.  These  oils  are  soluble  in  chloroform,  with  a 
brown  fluorescence,  and  are  combustible  with  a  clear  flame." 

Many  other  analyses  of  lava,  obsidian,  and  other  volcanic  rocks  are 
stated  by  Dr.  Brun  to  have  given  from  traces  of  hydrocarbon  to  quantities 
even  more  abundant  than  in  the  instance  cited  above,  and  out  of  67 
analyses  38,  or  57  per  cent.,  gave  hydrocarbons.^*  The  volcanic  rocks 
containing  the  petroleums  were  from  widely  distributed  localities,  such  as 
Mt.  Erebus  (antarctic),  Armenia,  Abyssinia,  Java,  Japan,  Peru,  Taman- 
faya,  Canaries,  Iceland,  Milo,  Vesuvius,  Stromboli,  Etna,  Arran  Islands, 
Scotland,  Sweden,  Germany,  Hungary,  Italy  and  France. 

In  view  of  these  and  other  evidences,  no  geologist  can  to-day  deny  that 
petrolemns  are  now  proved  to  be  abundantly  produced  in  the  phenomena 
of  vulcanism,  whether  recent  or  ancient. 

"  Comptes  Rendus  de  VAcadimie  dea  Sciences^  1901  to  1903. 
^*  Economic  Geology,  vol.  vii,  No.  1,  pp.  7,  8,  9  (Jan.,  1912). 
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2.  There  are  no  geological  phenomena  of  to-day  or  of  ages  past  in 
which,  through  organic  agencies,  petroleums — that  is  to  say,  the  mixtures 
of  hydrocarbons  known  as  petroleums — ^are  being  produced,  or  are  known 
to  have  been  produced.  The  gradual  decomposition  of  entombed  v^e- 
table  organic  matter  in  nature  to-day,  and  during  the  past  geological  ages, 
is  and  has  been  accomplished  in  the  sedimentary  strata  at  low  temperatures 
and  has  resulted  in  the  formation  of  peat,  lignite,  coal,  and  anthracite; 
that  is  to  say,  in  the  formation  of  oxygenated  fixed  carbon  compounds 
very  different  from  petroleums.  If  these  "coals"  had  been  distilled  it 
might  be  argued  that  "petroleums"  were  thus  formed,  but  it  is,  of  course, 
well  known  that  as  a  general  rule  they  have  not  been  distilled:  the  nec- 
essary heat  to  bring  about  distillation  was  never  attained  in  the  un- 
altered sedimentary  strata.  At  any  rate,  it  is  a  matter  of  geological 
record  that  the  "  coals"  are  found  everywhere  in  the  sediments  in  the  un- 
distilled  state  and  not  as  coke,  and  that  coal  and  petroleum  deposits  have 
no  genetic  connection  of  jmy  sort  one  with  the  other. 

It  is  equally  a  matter  of  geological  record  that  the  soft  tissues  of 
animal  organic  matter  were  not  finally  entombed  in  the  sediments,  where 
they  have  left  absolutely  no  trace  of  their  former  existence,  as  demonstrated 
by  the  billions  of  fossils  in  our  paleontological  museums  and  collections, 
and  in  the  impervious  rocks  everywhere,  without  the  slightest  trace  of 
any  carbon  compound  to  be  found  in  them.  The  former  animal  organic 
matter  of  what  is  to-day  the  fossil  animal  world  evidently  decomposed 
fully,  or  otherwise  disappeared  entirely,  before  the  final  entombment  of 
the  hard  part  of  the  animal;  and  therefore  no  petroleums  could  possibly 
be  formed  from  it. 

It  is  insufficient  to  argue,  against  such  evidence  to  the  contrary,  that 
petroleums  must  have  an  organic  derivation,  because  the  large  petroleum 
deposits  are  always  found  "associated"  with  sedimentary  strata  and 
fossiliferous  rocks.  This  word  "associated"  is  very  vague.  It  takes 
more  than  the  presence  of  water  in  a  cave  or  in  a  porous  rock  to  prove 
that  that  water  originated  there.  Are  not  volcanic  rocks  themselves 
thus  "associated"  with  sedimentary  strata — often  in  successive  hori- 
zontal flows  or  laccolitic  intrusions  interbedded  with  sediments,  or  in 
veins  and  masses  cutting  across  sediments?  Are  not  the  solid  petroleums 
thus  found  in  irregular  veins  or  masses  cutting  across  the  sediments? 
Are  not  the  liquid  or  gaseous  petroleum  deposits  themselves  local  and 
irregular  impregnated  spots  of  the  porous  sediments,  not  at  all  in  sheets 
like  coal  beds?  In  some  districts  (petroliferous  provinces)  they  occur 
in  many  sands  throughout  all  the  sequence  of  the  sediments  fromi  the 
earliest  Cambrian  to  the  latest  Quaternary,  entirely  irrespective  of  the 
fossiliferous  beds,  and  mostly  in  sharp  sands  without  fossils — sometime 
above  great  thicknesses  of  shale  strata,  sometimes  below  all  shales,  as,  for 
instance,  the  petroleums  in  the  Trenton  limestone  of  Ohio  and  Indiana, 
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while  in  other  districts  the  same  entire  series  of  sediments  is  abso- 
lutely barren  of  petroleimis. 

It  is  also  insufficient  to  say  that  because  volcanic  rocks  are  not  every- 
where to  be  seen  in  the  petroliferous  districts  a  solfataric  volcanic  origin 
cannot  be  attributed  to  the  petroleums.  As  I  have  already  quoted  several 
times  in  other  papers,  De  Launay  in  his  Science  of  Geology  remarks: 

"  The  dialocationB  of  the  earth  are  more  and  more  observed  to  have  taken  place  not 
alone  in  mountainous  regions  but  even  in  regions  of  plains."  .   .   . 

"AH  the  regions  of  the  earth,  probably  without  exception,  have  been  subjected  to 
dynamic  movements  to  which  are  connected  igneous  manifestations  of  internal  origin." 

These  disturbances  furnished  the  necessary  fissuring  of  certain  belts 
of  strata,  whether ,  much  disturbed  and  uplifted,  as  in  California, 
Roimiania,  and  Galicia,  or  sometimes  lying  still  comparatively  flat  and 
apparently  undisturbed,  as  along  the  Appalachian  belt  in  Pennsylvania 
and  West  Virginia.  In  all  cases,  however,  the  imperviousneas  of  the 
bulk  of  the  strata,  especially  the  shales,  and  the  fact  that  these  readily 
caved  in  and  sealed  the  fissures,  prevented  the  petroleimis  from  entirely 
escaping  to  the  surface.  Through  this  fissuring  of  the  strata  the  pent-up 
solfataric  hydrocarbon  emanations  came  up  from  the  interior,  losing  some 
of  their  pressure  as  they  forced  their  way  up  through  the  fine  minute 
fissuring  and  the  imperfectly  porous  sands.  Hence  the  differences  of 
pressures  recorded  in  the  different  sands  of  the  same  field  and  the  higher 
pressures  recorded  in  all  fields  as  the  petrolemns  are  found  in  deeper  and 
deeper  sands.  Hence  the  fact  that  in  every  field  or  district,  not  one  but 
a  number  of  different  sands,  belonging  to  a  number  of  different  geological 
formations,  sometimes  unconformable,  are  impregnated  with  the 
petroleums  in  irregular  spots,  here  and  there,  along  the  structural  lines 
of  disturbances,  while  much  larger  areas  of  the  same  series  of  sediments 
in  the  neighboring  districts  are  absolutely  barren. 

The  distribution  of  the  Mexican  and  of  the  Texas  and  Louisiana  oil 
fields  along  lines  of  fault  has  already  been  referred  to,  as  well  as  the 
evident  connection  of  the  oil  of  these  fields  with  vulcanism. 

Similarly  the  oil  fields  of  California  belong  to  much  disturbed  and 
fractured  belts  bordering  the  Coast  Range  on  each  side  for  many  miles. 
There  also  the  migratory  ascent  of  the  hydrocarbons  through  faults  and 
fissures  is  most  plainly  attested  by  numerous  asphalt  veins,  and  by  tar 
and  gas  springs.  That  these  faults  and  disturbances,  constantly  referred 
to  in  the  reports  of  Arnold  and  Anderson,  have  brought  up  the  hydro- 
carbon emanations  from  below  the  crystalline  gneisses  and  granite  is 
evidenced  by  the  fact  that  in  Placerita  canyon,  5  miles  east  of  Newhall, 
Lios  Angeles  county,  a  very  light  oil  (between  50°  and  60**  B.)  is  produced 
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from  crystalline  gneisses  which  overlie  the  San  Gabriel  granite.^'  Above 
these  crystalline  rocks,  the  oil  is  found  in  California  to  be  stored  in  the 
porous  reservoir-rocks,  or  in  the  seams  and  joints  of  any  and  all  the  strata 
affected  by  these  profound  disturbances  in  a  geological  column  of  some 
26,000  ft.  of  Cretaceous,  Tertiary,  Fernando,  and  Quaternary  sediments, 
those  of  each  period  lying  unconf ormably  on  the  next  lower,  and  the  lowest 
unconformably  on  the  crystalline  rocks.  It  cannot  be  imagined  that  the 
petroleums  contained  in  any  one  of  these  rock  series  can  have  originated 
from  organic  remains  in  the  underlying  unconformable  series,  since  they 
would  have  been  lost  at  the  surface,  if  they  had  migrated  at  all,  during  the 
long  intervals  marked  by  the  unconformities,  unless  a  still  more  improbable 
process  be  imagined:  namely,  that  in  each  case  the  organic  remains 
accommodatingly  waited  until  the  end  of  the  long  period  marked  by  the 
uncomfonnity,  before  beginning  to  be  decomposed  and  transformed  into 
petroleums,  and  to  migrate  upward.  .  There  is  only  one  possible  explana- 
tion: solfataric  volcanic  emanations  of  hydrocarbons  coming  up  from 
below  the  crystalline  rocks  along  the  fault  lines  and  in  the  zones  of  dis- 
turbance, at  repeated  periods  of  dynamic  movements  of  the  Coast  Range. 
Some  of  these  movements  must  have  been  very  recent  to  explain  the  oil 
in  the  gravels  of  the  Quaternary  and  the  large  seepages  often  found  at  the 
surface. 

If  the  other  oil  districts  of  America  are  considered  broadly  it  will  be 
seen  that  the  Appalachian  fields,  the  Northwestern  Ohio  and  Western 
Ontario  fields,  the  Illinois  fields  and  some  of  the  Indiana  fields,  and  the 
Mid-Continent  fields,  all  show  linear  distribution  of  their  petroleum  depos- 
its more  or  less  parallel  to  the  Appalachian  uplift,  except  some  of  the 
Oklahoma  pools,  which  follow  the  direction  of  the  Arbuckle  or  Wichita 
Mountain  uplifts.  Along  these  oil  belts  the  numerous  petroleum-bearing 
rocks  do  not  represent  fixed  geological  horizons — the  oil  and  gas  rising 
from  various  beds  of  different  ages;  and  outside  of  these  oil  belts, 
structurally  favorable  folds  are  barren  of  petroleums  in  the  same  geolog- 
ical horizons. 

Following  the  Appalachian  oil  belt,  for  instance,  from  Tennessee  and 
West  Virginia  through  Pennsylvania  to  New  York  State,  the  petroleums 
are  found  in  lower  and  lower  rocks  in  the  geological  scale,  until  they  are 
found  right  on  the  top  of  the  Archsean  in  the  Potsdam  sandstone.  The 
ArchflBan,  therefore,  or  the  igneous  magma  below  it,  must  be  the  final 
source.  It  would  be  puerile  indeed  to  assume  one  hundred  different 
sources  in  the  sediments  between  the  one  hundred  different  productive 
sands  of  this  oil  belt,  since  it  must  then  be  assumed  also  that  every  mem- 
ber of  the  sedimentary  series  separating  two  oil-bearing  sands  is  the  im- 


»  Bulletin  No.  309,  U.  S.  Geological  Survey,  pp.  100,  101  (1907). 
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pervious  cover,  and  cannot  therefore  be  considered  as  tlie  source,  of  the 
petroleums  in  the  sand  below;  and  since  it  has  to  be  admitted,  after  all, 
that  the  Archaean  rocks,  or  the  igneous  magma  below  the  Potsdam,  is  one 
at  least  of  the  sources. 

This  peculiar  occurrence  of  the  petroleum  deposits  in  the  sedimentary 
strata  of  all  ages,  yet  in  certain  districts  only,  along  zones  of  tectonic 
structural  disturbances  of  these  strata,  where  they  align  themselves  in 
"  petroliferous  provinces,"  as  do  the  metals  in  "metallogenetic  provinces," 
is  exemplified  not  only  in  North  America  but  all  over  the  earth.  In 
Russia  the  petroleum  deposits  follow  the  Caucasus  uplift  from  the 
Tamansk  peninsula  in  the  northwest  to  the  Apcheron  peninsula  in  the 
southeast  for  a  distance  of  750  miles.  In  Galicia  and  Roumania  they 
follow  the  Carpathian  range  and  turn  with  it  in  a  grand  sweep  of  more 
than  500  miles  from  a  northwest  to  southeast  direction  in  Galicia  to  an 
east-and-west  one  in  Roumania.  The  same  association  of  naphtha  to  a 
dislocated  zone  along  the  Kurdestan  chain  in  Persia,  has  been  well 
described  by  J.  de  Morgan.**  The  Tertiary  tectonic  and  igneous 
"girdles"  around  the  Pacific  and  the  Caribbean  sea  are  followed  by  an 
immense  Tertiary  "petroliferous  province,"  of  which  the  oil  fields  of 
California,  Alaska,  Japan,  Borneo,  Sumatra,  Java,  New  Zealand,  Peru, 
Colombia,  Venezuela,  Trinidad,  Mexico,  and  Texas  are  salient  points. 

The  constant  recurrence  of  hydrocarbons  in  volcanic  and  igneous 
rocks,  volcanic  emanations,  metallic  and  other  veins,  meteorites,  comets 
and  other  stellar  bodies,  clearly  demonstrates  that  petroleums  are  in- 
organic. The  hydrocarbon  emanations  sometimes  follow  closely  the 
volcanic  lava,  as  in  the  Mexican  and  other  oil  fields,  but  they  need  not  be, 
and  often  are  not,  accompanied  to  the  surface  by  volcanic  rocks.  They 
must,  notwithstanding,  everywhere  be  held  to  be  of  a  solfataric  volcanic 
nature,  as  shown  by  their  peculiar  position  along  the  tectonic  structural 
disturbances,  and  because,  moreover,  they  could  not  originate  in  the 
mass  of  the  impervious  sediments,  and  could  only  travel  through  these 
by  means  of  faults  or  fissures  from  deep  sources.  Besides,  with  their  as- 
sociated salt  and  sulphur  they  are  identical  with  solfataric  volcanic 
vapors  emanating  from  all  the  volcanic  districts  of  the  earth,  and  are 
absolutely  unlike  anything  else  in  nature  known  to  be  in  the  active 
process  of  formation  at  the  present  time.  Like  volcanic  vapors  these 
hydrocarbons  are  always  found  under  high  pressures,  often  giving  rise 
to  violent  explosions  and  sudden  outbursts  in  enormous  quantities, 
after  earthquake  shocks,  and  along  disturbed  dynamic  lines;  and,  like 
volcanic  vapor,  they  are  also  found  at  times  to  be  still  hot  and  associated 
with  hot  waters. 


^^Annales  des  Mines,  9th  ser.,  vol.  i,  227  to  238  (1892). 
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Discussion 

Hans  von  Hofer,  Vienna,  Austria  (communication  to  the  Secretary*). 
— I  will  confine  my  remarks  at  first  to  the  question  which  I  raised  in  my 
paper  as  to  the  volcanic  origin  of  petroleum,  following  thus  the  order  ob- 
served by  Mr.  Coste  in  his  reply,  which  now  lies  before  me. 

1.  Methane  is  always  the  same  chemically,  in  whatever  manner  it  may 
have  originated. 

2.  To  the  geology  of  petroleum  the  age  of  the  crystalline  schists, 
whether  gneiss  or  phyllite,  is  of  the  highest  significance.  The  occurrence 
of  oil  as  a  primary  deposit  in  a  crystalline  schist  of  Archsean  age,  would 
warrant  the  conclusion  that  it  could  not  have  an  organic  origin,  since  in 
that  age  no  organisms  existed.  But  this  inference  would  not  hold  good  as 
to  oil  from  a  crystalline  schist  of  Jurassic  age,  like  that  of  Newhall,  Los 
Angeles  county,  Cal.,  since  in  that  period  abundant  organic  life  inhabited 
the  earth,  and  therefore  such  oil  might  have  an  organic  origin.  Hence  the 
essential  point  in  the  present  discussion  is  not  the  crystalline  schist,  but 
its  geological  age. 

What  the  Newhall  crystalline  schists  were  originally,  t.e.,  immediately 
after  their  deposition,  we  do  not  know;  but  it  is  not  impossible  that  they 
are  the  product  of  the  metamorphosis  of  sand,  or  of  sandstone,  as  is,  for 
instance,  very  probable  for  many  gneisses. 

3.  Concerning  the  source  of  bitumen  in  the  quicksilver  deposits  of 
California,  I  spoke  with  reserve  in  my  paper,  leaving  the  question  to  my 
American  professional  colleagues.  I  am  now  fortimately  able  to  cite  a 
recent  American  authority  on  that  subject,  namely,  J.  Allen  Veatch,  who 
says,  in  his  very  interesting  paper  on  the  The  Genesis  of  the  Mercury 
Deposits  of  the  Pacific  Coast:^^ 

"The  theory  that  this  oil  originated  from  organic  matter  precipitated  into  the  open 
fissure  is  supported  by  the  fact  that  the  Sierra  dikes  do  not  contain  oiL" 

Mr.  Coste's  assumption  that  only  such  solutions  as  circulated  ex- 
clusively in  veins  and  fissures  impregnated  the  wall  rocks,  and  that  the 
opposite  course  would  be  impossible,  surprises  me  greatly;  since  we  mining 
geologists  have  for  more  than  half  a  century  recognized  this  opposite 
course  as  lateral  secretion. 

4.  On  the  strength  of  the  personal  observations  of  many  years,  as 
well  as  of  the  literature  accessible  to  me,  I  can  only  repeat  tilie  decla- 
ration that  gaseous,  liquid,  and  solid  bitumens  occur  in  ore-bearing  veins 
and  eruptive  dikes  very  seldom,  and  always  in  small  quantity.  I  believe 
that  I  was  one  of  the  first  to  collect  and  publish  the  data  concerning 

♦Received  July  2,  1914. 

"  BuUetin,  No.  86,  February,  1914,  p.  226. 
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the  occurrences  of  bitumen  in  ore  deposits.  *•  In  that  paper  Mr.  Coste 
will  find  more  examples  than  he  appears  to  be  acquainted  with.  He  as- 
sumes without  proof  that  the  bitumen  found  in  eruptive  dikes  is  of  vol- 
canic origin.  I  assume  that  the  bitumen  contained  in  the  intrusive 
magma  has  come  from  bituminous  or  carboniferous  strata,  through  breaks 
in  which  it  ascended.  The  two  hypotheses  face  each  other,  both  lacking 
direct,  positive  proof.  My  explanation  has  been  adopted  very  recently 
by  W.  W.  Arschinom^*  for  the  occurrence  of  anthraxolite  in  the  eruptives 
of  the  Crimea,  and  by  Falkenberg,*®  for  the  bitumen  found  in  the  pyrite 
deposit  of  Lilleboe,  Norway.  As  I  have  already  observed,  Mr.  Veatch 
confirms  it  for  the  California  quicksilver  deposits. 

The  etymological  argument  based  by  Mr.  Coste  upon  the  relation 
between  "distilling"  and  "driving  away"  escapes  my  apprehension.** 

5.  The  significance  of  the  volcanic  necks  of  Mexico  has  long  been 
•clear.    The  primary  oil  deposits  were  elevated  by  these  eruptions,  and 

acquired  thereby  a  dome-like  form,  which  (as  I  demonstrated  at  the  Petro- 
leum Congress  of  1903  in  Bucharest)  is  peculiarly  favorable  to  the  forma- 
tion of  oil.  The  latest  publication  concerning  the  Mexican  oil  fields — 
that  of  the  distinguished  American  expert,  I.  C.  White,**  confirming 
Villarello's  view,  establishes  the  organic  origin  of  the  oil,  and  shows  also 
that  primary  deposits  of  it  occur  in  the  Cretaceous  strata.  Mr.  White 
says: 

"There  can  be  practically  no  doubt  that  the  mother  rock  or  main  reservoir  of 
petroleum  along  the  GuH  coast  of  Mexico  is  the  Tamasopa  limestone  of  the  Mexican 
Cretaceous  terranes." 

It  is  thus  impossible  to  maintain  that  the  occurrence  of  oil  in  Mexico 
furnishes  "the  clearest  evidence  in  the  world  of  the  solfataric  volcanic 
origin  of  oil  in  enormous  quantities,"  as  Mr.  Coste  declares.  On  the 
contrary,  the  organic  origin  of  the  Mexican  oil  is  beyond  doubt. 

6.  I  object  to  Mr.  Coste's  volcanic  hypothesis,  that  if  it  were  true, 
then,  as  a  logical  consequence,  oil  ought  always  to  be  foimd  in  the 
neighborhood  of  volcanoes  and  deep  faults  and  fissures,  which  is  not  the 
case.  He  answers  this  objection  with  a  speculation  concerning  the 
Carpathian  oil  deposits,  which  seems  to  ignore  the  main  point — namely, 
the  occurrence  of  the  volcanic  rocks  in  the  inner,  oil-poor  Carpathian 


^*  In  my  Erdolstudien  (Studies  of  Petroleum) :  See  Sitzungsherichte  der  k,  k.  Akademie 
der  Wissenachaften^  maik.  nalurw,  Klaaae,  vol.  iii,  part  1. 

^^LUhogaea,  G.  60,  p.  15. 

"  Zeitsckriftfiir  prdktische  Geologie,  vol.  xxii,  No.  3  pp.  141,  152  (Mar.,  1914). 

**  Translator's  Note. — Dr.  Hafer  apparently  refers  here  to  the  actual  derivation 
of  "distil"  from  the  Latin  "stilla."  a  drop,  and  its  primary  meaning,  "to  faU,  or 
(transitively)  to  let  fall,  in  drops.*'  The  word,  therefore,  does  not  etymologically 
convey  the  notion  of  "driving  away." — R.  W.  R. 

•*  BuUetin  of  the  Geological  Society  of  America,  vol.  xxiv,  No.  2,  p.  253  (June,  1913). 
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circle — and  to  pursue  only  the  notion  of  a  possible  difference  in  the 
formation  of  fissures  on  the  two  sides  of  the  range.  My  knowledge  of 
the  Carpathians  for  30  years  past  enables  me  to  say  positively  that 
anticlines  and  fissures  are  found  occurring  in  the  same  maimer  on  both 
sides. 

With  regard  to  the  conditions  in  Pennsylvania,  and  the  occurrence 
of  volcanoes  far  distant  from  any  oil  deposits,  I  would  simply  refer  to 
what  I  said  in  my  former  contribution. 

Let  me  now  briefly  consider  the  objections  of  Mr.  Coste  to  the  organic 
origin  of  petroleum.     I  number  my  paragraphs  to  correspond  with  his. 

I.  To  the  question,  "Why  is  not  this  process  in  active  operation  in 
the  world  to-day?"  I  reply  that  during  the  last  century  immense  ae- 
ciTmulations  of  the  dead  bodies  of  marine  or  fresh-water  animals  have 
been  repeatedly  observed.  In  my  book  on  Petroleum*^  I  have  given  a 
brief  summary,  and  in  my  Petroleum-Studies,  already  cited,  a  more 
detailed  discussion  of  these  accumulations.  I  may  mention  as  an  ex- 
ample the  masses  of  dead  fish  in  Florida,  described  by  the  celebrated 
American  biologist,  Agassiz,  who  said  of  them  that  such  accumulations 
of  corpses  might  very  well  form  oil-bearing  deposits.  The  actual  develop- 
ment of  petroleum  from  the  soft  parts  of  moUusks  was  observed  by 
Bertels**  in  the  Guilaja  Balka,  on  the  north  side  of  the  Caucasus.  Where 
are  oil  deposits  formed  to-day  by  active  volcanoes?  I  would  be  grateful 
to  Mr.  Coste  for  a  few  instances. 

II  and  III.  In  the  formation  of  petroleum,  as  is  usual  in  processes 
of  decay,  carbonic  acid  is  generated,  and  when  prevented  from  escaping, 
effects  the  solution  of  the  calcareous  moUuscan  shells,  which  accounts  for 
the  absence  of  such  shells  from  oil  deposits.  Grzybowski  studied  the 
foraminifersB  accompanying  the  Carpathian  oil  deposits,  and  found  the 
siliceous  shells  to  occur  frequently  and  in  good  preservation,  while  the 
calcareous  shells  were  either  altogether  gone  or  present  in  scanty  amount 
and  corroded  condition. 

IV.  There  are  in  the  world  so  many  "tectonic  and  orogenic  dis- 
turbances," like  those  in  the  oil  regions,  and  yet  without  any  oil.  There 
must  be  first  a  primary  deposit,  and  only  afterward  can  such  disturbances 
specially  concentrate  the  oil  in  some  places,  excluding  it  from  others. 
Mr.  Coste  apparently  fails  to  make  sufficient  distinction  between 
formation  and  accumulation. 

V.  The  conditions  under  which  organic  material  is  preserved  in  bays 
are  by  no  means  vague.  Not  alone  I,  but  also  most  petroleum  geolo- 
gists, have  reached  the  conclusion  that  a  petroleum  deposit,  if  it  is  to  be 
productive,  must  have  clay,  clay-slate,  or  similar  material  as  a  hanging 


*'  Das  Erdol  und  seine  Verwandten^  3d  ed.,  pp.  256  to  260. 
**  Erdol  und  seine  Verwendung,  p.  246. 
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wall;  that  is  to  say,  the  buried  organism  must  have  been  excluded  as 
early  as  possible  from  the  air,  so  that  the  change  which  takes  place  shall 
be,  not  destruction  by  oxidation,  but  that  process  of  decay  which  plays 
a  leading  part  in  the  formation  of  mineral  oil.  The  air-tight  roof 
hinders  also  the  escape  of  the  oil  after  it  has  been  formed. 

VI.  That  in  chemical  processes  longer  periods  of  time  may  take  the 
place  and  produce  the  results  of  higher  temperatures,  is  beyond  doubt. 
I  may  be  permitted  to  remark,  in  passing,  that  in  the  transformation  of 
fatty  organisms,  a  heat  of  reaction  is  developed,  which  still  betrays  itself 
in  the  small  geothermic  scale  of  the  oil  fields.  The  formation  of  coal 
likewise  liberates  heat;  but  tliat  it  proceeds  diflferently  from  that  of 
petroleum  need  cause  no  surprise,  since  its  original  material — plants,  and 
particularly  cellulose — is  entirely  different  from  the  fats  out  of  which 
petroleum  is  formed. 

In  defending  the  theory  of  the  organic  origin  of  petroleum,  I  have 
been  necessarily  brief.  If  Mr.  Coste  finds  my  statement  inadequate,  I 
beg  him  to  study  without  prejudice  the  many  pages  of  my  books,  in  which 
I  have  given  proofs  of  this  theory,  based  upon  nearly  40  years  of  study 
of  the  subject. 

With  this  suggestion,  I  regard  the  present  discussion  as  closed,  be- 
lieving that  I  have  sufficiently  shown  Mr.  Coste's  position  in  favor  of 
the  volcanic  origin  of  petroleum  to  be  entirely  untenable. 
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Finishing  Temperatures  and  Properties  of  Rails 

BY   GEORGB   K.  BUBGESS,  J.  J.  CROWE,  H.   S.   RAWDON,   AND  B.   W.  WAI/TENBBRQ, 
U.  8.  BUREAU  OF  STANDARDS,  WASHINGTON,  D.  C. 

(Pittsburg  Meeting,  October,  1914) 

Note  by  the  Editor. — This  risumi  of  a  Technologic  Paper  which 
is  published  in  full  by  the  U.  S.  Bureau  of  Standards,  is  brought  before  the 
membership  of  the  Institule  with  the  object  of  affordirhg  an  opportunity  for 
the  open  discussion  of  resvits  of  an  investigation  by  the  avJthors  named  above, 
of  same  phases  of  the  manufacture  of  steel  rails  which  are  of  great  importance 
to  manufacturer  and  consumer  alike.  This  risumS  wiU  be  presented  at  the 
Pittsburg  Meetirhg  of  the  Institvie.  Discussion  is  invited,  by  either  members 
or  non^members  of  the  Institute.  The  discussion  may  be  sent  in  writing  to 
the  Editor,  in  advance  of  the  meeting,  or  should  preferably  be  presented  in 
person  at  the  meeting.  To  those  who  desire  to  discuss,  copy  of  the  full 
Technologic  Paper  {No.  38),  as  published  by  the  Bureau  of  Stanaards, 
will  be  sent  upon  request  addressed  either  to  the  Bureau  of  Standards, 
Washington,  D.C.,ortothe  Editor,  American  Institule  of  Mining  Engineers, 
29  West  Sm  Street,  New  York,  N.  Y. 

Summary  of  Researches  and  Conclusions 

The  main  objects  of  this  investigation  were  to  determine,  from  meas- 
urements taken  at  representative  rail  mills,  the  present  American  practice 
regarding  the  temperatures  at  which  rails  are  rolled;  to  demonstrate  the 
ease  and  accuracy  with  which  such  temperatures  may  be  measured, 
without  interfering  in  any  way  with  the  manufacture  of  the  product;  to 
find  out  what  the  '^ shrinkage  clause"  in  rail  specifications  really  means; 
and,  finally,  to  determine  some  of  the  physical  properties  of  rail  steels, 
particularly  those  of  interest  in  manufacture,  some  of  which  seem  to  be 
insufficiently  known  as  yet. 

1.  Ingd  Temperatures. — Measurements  made  in  four  mills  show 
that  ingots  for  rails  are  rolled  at  temperatures  ranging  from  1,075**  to 
1,150^  C.  (1,965**  to  2,1W  r.),  and  that,  in  a  series  of  20  to  40  ingots,  the 
variation  in  temperature  from  one  ingot  to  another  is  only  10°  to  20°  C. 

2.  Finishing  Temperatures. — Rails  are  finished  at  temperatures  rang- 
ing broadly  from  880°  to  1,050°  C.  (1,615  to  1,922°  F.),  but  usually  rang- 
ing within  50°  C.  of  935°  C,  and  occasionally  above  1,100°  C.^  , 
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3.  Finishing  Temperatures  of  Different  Rail  Sections. — With  uniform 
mill  practice,  the  rails  of  1004b.  section  will  be  finished  at  a  temperature 
about  10  to  20°  C.  hotter  than  rails  of  90-lb.  section,  and  about  50°  C. 
hotter  than  those  of  75-lb.  section. 

4.  Uniformity  of  Finishing  Temperaiures, — It  is  possible  to  roll  rails 
so  that  all  rails  from  the  same  original  position  in  the  ingot — as  A  or  B, 
etc. — will  be  finished  within  ±  10°  C.  of  the  same  temperature. 

5.  Temperature  Measurem^ents. — The  finishing  temperatures  of  each 
rail  may  be  measured  at  the  hot  saws,  by  means  of  suitable  optical  or 
radiation  pyrometers,  without  interfering  in  any  way  with  the  manufactur- 
ing operations. 

6.  '^Shrinkage  Clause''  in  Rail  Specifications, — A  comparison  of  the 
shrinkage  clause  in  American  rail  specifications  (for  example,  those  of  the 
A.  S.  T.  M.)  with  the  expansion  of  rail  steel  shows  that  this  clause  permits 
rails  to  be  finished  at  temperatures  as  high  as  1,120°  C.  (2,045°  F.),  which 
is  450°  C.  (840°  F.)  above  the  critical  range  of  rail  steel,  and  which  is  also 
above  the  temperature  at  which  many  ingots  for  rails  are  actually  rolled 
in  practice.  Such  a  shrinkage  clause,  therefore,  does  not  serve  the  avowed 
purpose  of  limiting  the  finishing  temperature  to  a  value  slightly  above  the 
critical  range. 

7.  Critical  Ranges, — For  the  10  samples  of  open-hearth  and  Bessemer 
steels  examined,  the  maximum  point  of  the  critical  range  on  heating  was 
determined  to  be  within  7°  C.  of  732°  C.  (1,350°  F.) ;  the  critical  range  on 
cooling  was  determined  to  be  between  the  limits  of  680°  and  650°  C 
(1,256°  and  1,202°  F.). 

8.  Melting  Range. — The  melting,  or  freezing,  range  for  rail  steels 
extends  from  about  1,470°  C.  (2,680°  F.)  to  nearly  the  melting  point  of 
iron,  located  at  1,530°  C.  (2,786°  F.). 

9.  Expansion, — The  expansion  for  open-hearth  and  Bessemer  steels 
is  not  the  same.  Above  800°  C .  (1 ,470°  F.)  the  expansion  of  both  increases 
linearly  with  temperature.  The  linear  coefficient  per  degree  centigrade 
has  the  following  mean  value  between  0°  and  1,000°  C: 

For  Bessemer  steel  (carbon  0.40  to  0.60  per  cent.),  a  =  0.0000146. 
For  open-hearth  steel  (carbon  0.65  to  0.70  per  cent.),  a  =  0.0000156. 

Shrinkage  measurements  on  open-hearth  rails  (C  =  0.71  per  cent.) 
gave  a  =  0.0000161. 

10.  Rate  of  Cooling, — A  rail  of  100-lb.  section,  cooling  freely  in  air 
from  a  uniform  temperature  of  1,070°  C.  (1,960°  F.),  reaches  its  re- 
calescence  point  (670°  C.  =  1,232°  F.)  in  about  8  min.  30  sec.  The 
maximum  difference  in  temperature  between  center  and  outside  of  head 
during  this  cooling  is  about  85°  C.  at  1,000°  C.  (1,832°  F.),  becoming  0° 
again  at  670°  C.  ^  . 
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11.  Other  Observations  of  Properties. — Chemical,  microscopic^  and 
mechanical  tests  were  made  on  a  number  of  samples  of  rails  whose 
temperatures  of  rolling  had  been  observed,  but  there  appears  to  be  an 
insufficient  degree  of  correlation  to  warrant  associating  very  specifically 
any  of  the  characteristics  defined  by  these  three  methods  of  examination, 
either  with  the  temperatures  of  rolling  here  observed,  or  with  each  other. 

Observations  on  the  Temperatures  of  Rolling 

The  results  of  the  observations  on  the  temperatures  of  rolling  at  the 
four  different  mills  is  summarized  in  Table  I,  The  only  considerable 
element  of  non-uniformity  of  the  measurements  at  the  several  mills  lies 
in  the  fact  that  the  distance  and  time  from  the  finishing  pass  to  the  hot 
saws,  at  which  latter  point  the  observations  were  made,  is  not  the  same. 
The  time  for  mill  D  is  about  one-half  of  that  for  mills  A,  B,  and  C,  whUe 
the  ratio  of  distances  is  roughly  A,  4;  J5,  5;  C,  3;  and  D,  1. 

Importance  and  Possibility  of  Temperature  Control  of  Rail  Rolling 

The  undesirable  effects  of  rolling  rails  too  cold  and  too  hot  were  very 
early  recognized,  and  have  been  stated  many  times  by  competent  au- 
thorities, although  it  should  be  pointed  out  that  there  is  not  complete 
agreement,  or  conclusive  evidence,  regarding  the  effects  of  finishing  rails 
too  hot.  The  argument  is  that  rolling  below  the  critical  range  distorts 
and  weakens  the  crystalline  structure,  while  rolling  and  finishing  at  too 
high  temperature  above  the  critical  range  produces  a  coarse-grained 
steel,  which  is  weaker  than  the  finer-grained  structure  obtained  by  doing 
work  continuously  down  to  the  critical  range.  Indeed,  the  researches 
of  Wickhorst^  showed  that,  with  increase  of  finishing  temperature,  there 
was  a  slight  decrease  in  ductility  and  a  notable  increase  in  the  size  of  the 
^rain. 

The  introduction  of  temperature  control  in  rail  mills  presents  no  un- 
usual difficulties  from  the  pyrometric  point  of  view.  What  is  desired  is  a 
measure  of  the  actual  temperature  of  each  of  the  rail  bars  as  they  emerge 
from  the  finishing  pass,  or,  better,  of  the  blooms  as  they  enter  the  rail 
mill.  The  present  shrinkage  clause  in  rail  specifications  has  no  signifi- 
cance whatever,  since  it  is  placed  so  high  as  practically  not  to  limit  the 
upper  rolling  temperature  at  all.  It  is  furthermore  an  imsatisfactory  and 
inaccurate  gauge,  and  does  not  permit  the  exercise  of  control  of  the 
operation,  because  it  can  only  be  used  after  the  rails  are  completed  and 
cold.  This  last  objection  also  applies  to  the  determination  of  the  tem- 
perature of  rolling  by  means  of  microscopic  examination. 

*  M.  H.  Wickhorst,  Influence  of  Rolling  Temperatures  on  the  Properties  of  Bessemer 
Rails,  Report  No,  21  ^  to  Rail  Committee ,  American  Railway  Engineering  Association, 
(November,  1911). 
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Table  I. — Summary  of  Ingot-Rolling  and  RailrFinishing  Temperatures 

in  Centigrade  Degrees 


1 
1 

^ill 

A* 

MiUB- 

MiUC 

MillD* 

Average    temperature 
rolling  ingots 

1140^ 

1 

082» 
121 

1102* 

1087^ 
71 

118* 

Average  time  in  bloom- 
ing mill,  sees 

120 

91 

37 

Average  temperature  of 

finUhinir  Tail 

924^ 
918* 

906« 

976^ 
964* 

942* 

988* 
962" 

939'* 
928' 

911 

928^ 

901 

920» 

883 

904< 

1047» 

992" 

Number  of  rails  observed 

Weight     of     rails,    Ib.- 

section 

120 
76 

70 
90 

80 

100 
O.H. 

312 

72 
O.H. 

171 

90 
O.H. 

186 

100 
Bess. 

TvDe  of  rail 

Bess.  1  O.H. 
Hot  saw 

O.H. 

■*■  J  Jr**  *'*  *  •*** 

Lgcation    of    point    of 
observation 

Hot  saw 

Cooling 
BedNo.l 

Hot  saw 

Distance  from  last  pass 
to  point  of  observation 
in  arbitrary  units 

4 

6 

3 

1 

Blooms  n 
reheatec 

I 

Blooms 
not  re- 
heated 

Blooms 
reheated 

Blooms 
reheated 

*  Observations  taken  on  20  ingots;  maximum  variation  from  average  ±  10° 
^  Observations  taken  on  19  ingots;  maximum  variation  from  average  ±  le"" 
'  Observations  taken  on  30  ingots;  maximum  variation  from  average  ±  12° 
^  Observations  taken  on  29  ingots;  maximum  variation  from  average  ±  17° 

*  Observations  taken  on  43  ingots;  maximum  variation  from  average  ±  15° 
/Rails  located  in  ingot  at  A  and  D 

'Rails  located  in  ingot  at  B  and  E 

*  Rails  located  in  ingot  at  C  and  F 

*  Rails  located  in  ingot  at  A  and  C 
"  Rails  located  in  ingot  at  B  and  D 

"  Rails  located  in  ingot  at  mean  of  ABCD 
"  Rails  located  in  ingot  at  mean  of  EFGH 
'  Blooms  not  reheated  before  rolling  into  rails 
'  Blooms  reheated  before  rolling  into  rails. 


Digitized  by 


Google 


FINISHIKG  TEMPBBATUBBS  AND   PROPEBTIBS  OF  RAILS  2437 

There  are  many  types  of  optical  and  radiation  pyrometers  available 
to  solve  the  problem  of  direct  temperature  control.  These  pyrometers 
have  given  excellent  service  on  other  technical  fields,  and  with  very  small 
cost  of  installation  and  maintenance.  In  the  researches  made  by  the 
authors  of  this  paper  all  observations  were  made  without  interference  with 
the  regular  operation  of  the  mills,  and  no  special  arrangements  or  in- 
installations  were  found  necessary  for  manipulating  the  pyrometric 
apparatus. 

Observations  an  the  Microstrudure  of  the  Rails 

In  nearly  all  the  cases  the  size  of  the  pearlite  grains  shows  that  the 
rolling  was  discontinued  at  a  temperature  well  above  the  critical  range, 
but  the  results  here  obtained  do  not  bear  out  the  contention  that  the 
finishing  temperature  is  equivalent,  so  far  as  grain  size  is  concerned,  to  the 
highest  temperature  of  objects  heated  but  not  rolled  or  forged.  On  the 
contrary,  the  grain  size  is  smaller  than  would  have  been  produced  by 
heating  the  same  steel  to  the  temperature  at  which  rolling  was  discon- 
tinued, and  then  allowing  it  to  cool  without  mechanical  work.  It  would 
appear  probable  then  that  the  restoration  of  the  crystalline  arrangement, 
which  is  so  badly  shattered  by  the  squeezing  action  of  the  rolls,  is  not  so 
rapid  as  is  generally  supposed,  and,  although  the  restoring  process  begins 
immediately  after  the  rolling  ceases,  it  is  not  complete  until  the  steel  has 
cooled  somewhat,  which,  in  fact,  produces  an ''  effective  finishing  tempera- 
ture" somewhat  below  the  observed  one. 

From  the  data  in  the  possession  of  these  authors  it  would  appear 
that  the  grain  size  of  the  steel  is  determined  as  much  by  the  total  amount 
of  reduction  in  the  rolls  as  it  is  by  the  finishing  temperature,  or  any 
other  factor. 

For  the  determination  of  any  numerical  relation  between  the  size  of 
grain  and  the  mechanical  properties  of  the  steel  a  study  of  the  same  steel 
under  varying  conditions  is  essential. 

The  effect  of  manganese  in  retarding  the  condition  of  equilibrium 
during  cooling  has  an  important  effect  on  the  structure  and  properties  of 
steel. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  revision) 

,  DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preeented  in  person  at  the 
Pittsburg  meeting,  October,  1914,  when  an  abstract  of  the  paper  will  be  read.  •  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  soecial  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Deo.  1,  I9I4.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Manganese  Steel  and  the  Allotropic  Theory 

BT   ALBERT  SAUVEUR,  CAMBRIDGE,   MASS. 
(Pittsburg  Meeting,  October.  1914) 

At  the  New  York  meeting  of  the  Institute,  February,  1914,  Pro- 
fessor Hopkinson  and  Sir  Robert  Hadfield  presented  an  important  paper 
entitled  Research  with  Regard  to  the  Non-Magnetic  and  Magnetic 
Conditions  of  Manganese  Steel. ^ 

Any  contribution  on  manganese  steel  by  its  discoverer  necessarily  car- 
ries with  it  much  weight  and  is  entitled  to  serious  and  close  consideration. 
The  momentous  discovery  of  that  alloy  by  Sir  Robert  Hadfield  some  30 
years  ago  was  the  signal  for  great  activity  in  the  field  of  alloy  steels;  and 
the  remarkable  results  obtained  in  the  last  two  decades  probably  con- 
stitute the  most  important  modern  advance  in  the  metallurgy  of 
steel. 

The  authors  of  the  paper  referred  to  above  are  unable  to  reconcile 
with  the  allotropic  theory  the  interesting  results  obtained  by  them  in 
heat  treating  manganese  steel.  When  they  speak  of  the  allotropic 
theory,  however,  I  understand  that  they  have  more  especially  in  mind 
the  existence  of  beta  iron.  It  is  not  my  understanding  that  they  question 
the  occurrence  of  iron  in  the  two  allotropic  varieties  known  as  gamma  and 
alpha.     If  I  am  wrong,  I  trust  they  will  correct  me. 

A  careful  consideration  of  the  experimental  results  reported  and  dis- 
cussed by  the  authors  leads  me  to  believe  that  on  the  contrary  they  can 
be  very  satisfactorily  explained  in  terms  of  allotropy  and  that,  in  the 
light  of  our  present  knowledge,  they  cannot  be  accounted  for  in  any  other 
way. 

The  physical  properties  of  non-magnetic  manganese  steel  described 
by  the  authors  are  those  pertaining  to  iron-carbon  alloys  in  which  iron 
is  present  in  the  gamma  condition,  or,  in  other  words,  to  austenite.  The 
metal  is  then  characterized  by  great  tenacity  and  ductility  and  low 
elastic  limit,  while  its  hardness,  mineralogically  speaking,  is  not  excess- 
ive, but  of  a  special  kind  termed  ''tough  hardness"  by  the  authors. 
Even  when  subjected  to  the  restraining  influence  of  a  large  amount  of 
manganese  and  of  considerable  carbon,  however,  relatively  rapid  cooling 
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is  necessary  to  produce  austenitic  manganese  steel  free  from  beta  and 
alpha  iron.  On  very  slow  cooling  from  a  high  temperature,  as  indicated 
by  the  authors,  manganese  steel  becomes,  to  some  extent,  magnetic, 
because  in  accordance  with  the  allotropic  theory  such  slow  cooling  per- 
mits the  formation  of  some  beta  and  alpha  iron.  The  mineralogical 
hardness  of  the  metal  is  then,  as  it  should  be,  somewhat  greater.  Non- 
magnetic, and,  therefore,  austenitic,  manganese  steel,  while  very  much 
more  stable  than  hardened,  high-carbon  steel,  is  nevertheless  in  an  un- 
stable condition,  as  evidenced  by  the  fact  that  relatively  quick  cooling 
is  required  for  its  production.  On  reheating  (shall  we  say  tempering?) 
manganese  steel,  therefore,  we  may  logically  anticipate  a  partial  trans- 
formation of  gamma  iron  into  beta  and,  possibly,  into  alpha  iron — and, 
indeed,  the  authors  show  that  reheating  non-magnetic,  austenitic  man- 
ganese steel  for  a  long  period  of  time  to  some  500°  C.  or  higher  causes  the 
return  of  considerable  magnetism  and  greatly  increased  hardness.  While 
they  consider  this  occurrence  fatal  to  the  allotropic  theory,  it  appears 
to  me,  on  the  contrary,  to  carry  with  it  a  striking  confirmation  of  the 
correctness  of  that  theory.  If  there  were  no  hard  allotropic  modifica- 
tions of  iron  between  the  soft  alpha  and  moderately  hard  gamma  varieties, 
the  transformation  taking  place  in  reheating  manganese  steel  could  only 
imply  the  formation  of  some  alpha  iron  and,  therefore,  decreased  hardness. 
The  fact  that  the  treated  steel  becomes  magnetic  also  points  to  the 
formation  of  some  alpha,  together  with  beta  iron.  This  is  also  con- 
sistent with  the  allotropic  transformation  observed  in  carbon  steel  when 
we  find  that  whenever  a  notable  quantity  of  beta  iron  is  formed,  causing 
hardness,  some  alpha  iron  also  forms,  imparting  magnetism  to  the 
n^tal;  hence  the  hardness  and  magnetic  properties  of  hardened  carbon 
steel.  It  does  not  seem  possible,  in  the  presence  of  carbon  at  least,  to 
produce  much  beta  iron  to  the  exclusion  of  alpha  iron.  These  two  allo- 
tropic varieties  probably  form  isomorphous  crystals  which  are  both  hard 
and  magnetic. 

The  authors  seem  to  have  some  difficulty  in  explaining,  in  accordance 
with  the  allotropic  theory,  the  fact  that  on  heat  treating  non-magnetic 
manganese  steel,  both  the  hardness  and  the  specific  magnetism  may 
increase,  their  argument  being  that  if  magnetism  is  due  to  the  formation  of 
soft  alpha  iron,  then  increased  magnetism  must  mean  increased  softness. 
This,  however,  is  only  an  apparent  inconsistency,  as  I  have  attempted>to 
show  graphically  in  Fig.  1.  We  may  assume  that  at  400**  C.  originally 
non-magnetic  manganese  steel  remains  non-magnetic,  the  iron  present 
being  wholly  in  the  gamma  condition.  After  a  long  heating,  say  at  450**  C, 
some  of  the  gamma  iron  is  converted  into  beta  and  into  alpha  iron.  Of 
the  iron  present,  AB  per  cent,  maybe  assumed  to  occur  now  as  alpha  iron, 
BC  per  cent,  as  beta  iron,  and  CD  per  cent,  as  gamma  iron.  Heating  to  a 
higher  temperature,  or  possibly  a  longer  heating  at  the  same  temperature, 
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causes  further  transformation^  both  beta  and  alpha  iron  increadngy  the 
metal  containing  now  A'B'  per  cent,  of  alpha  and  B'C  per  cent,  of  beta 
iron;  hence  its  increased  magnetism  and  increased  hardness. 

Some  beta  and  alpha  iron  having  now  been  formed,  it  is  evident  that 
on  heating  the  metal  Ito  a  sufficiently  high  temperature,  a  critical  point 
must  necessarily  be  found,  caused  by  the  return  of  alpha  and  beta  iron  to 
the  gamma  condition — ^the  only  one  stable  at  a  high  temperature.  The 
authors  have  located  this  point  at  about  675^  C,  as  shown  in  my  Fig.  1. 
On  again  cooling  the  metal  relatively  quickly,  no  critical  point  should  be 
detected,  since  the  steel  remains  non-magnetic,  that  is,  in  the  gamma 
condition. 
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The  fact  alluded  to  by  the  authors  that  manganese  steel  can  be  so 
softened  by  suitable  heat  treatment  as  to  make  it  machineable  is  another 
evidence  of  the  formation  of  alpha  iron. 

From  the  fact  that  cast  manganese  steel  is  much  less  ductile  than  the 
water-toughened  metal,  although  likewise  non-magnetic,  we  not  illogically 
infer  that  some  beta  iron  may  have  been  formed  during  the  relatively  slow 
cooling  of  the  casting,  while  the  usual  lack  of  ductility  of  steel  castings 
in  general  and  the  possible  separation  of  carbide  may  be  additional  reasons 
for  the  properties  of  cast,  untreated  manganese  steel. 

The  fact  that  manganese  steel  does  not  become  magnetic  on  cooling  it 
in  liquid  air,  while  non-magnetic  nickel-steel  with  some  22  per  cent, 
nickel  regains  its  magnetism  after  such  treatment,  does  not  point  to 
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different  influences  being  at  work.  It  can  be  satisfactorily  accounted  for, 
as  shown  in  Fig.  2,  in  which  it  is  reasonably  assumed  that  with  1  to  1.25 
per  .cent,  carbon  it  requires  some  7  per  cent,  of  manganese  to  lower  the 
critical  point  from  its  normal  position  (some  700°  C.)  to  atmospheric 
temperature,  whereas  some  18  per  cent,  nickel  may  be  required  to  cause 
the  same  depression.  Extending  below  atmospheric  temperature  the 
lines  indicating  the  lowering  of  the  critical  points,  it  is  seen  that  with  some 
12  per  cent,  manganese  the  critical  tranirformation  may  be  lowered  to 
some  — 400°  C,  while  nickel  steel  with  22  per  cent,  nickel  would  have  a 
critical  point  at  — 100°  C.  and  therefore  detectable  on  immersion  in 
liquid  air.  It  will,  of  course,  be  understood  that  no  claim  is  made  here 
in  regard  to  the  exact  position  of  the  lines  or  curves  indicating  the 


Fig.  2. 

depression  of  the  magnetic  change  with  increased  manganese  or  nickle. 
These  positions,  so  far  as  I  know,  have  never  been  accurately  deter- 
mined, but,  from  the  results  available,  the  diagram  of  Fig.  2  is  not 
altogether  a  fantastic  one. 

The  authors  quote  at  length  from  the  important  work  of  Pierre  Weiss, 
who  has  developed  a  new  theory  of  magnetic  transformation  in  metals. 

The  attitude  of  a  scientific  man  toward  new  theories  should  be  one 
of  open-mindedness  and  receptiveness — even  of  reverence — when  the  new 
thought  springs  from  an  exalted  source;  but  it  shbuld  also  be  one  of 
caution.  He  .should  guard  against  too  hasty  and  enthusiastic  acceptance. 
He  should  be  mindful  of  the  theoretical  scrap  heaps  lining  both  sides  of 
the  pathway  of  scientific  progress.  For  a  while,  at  least,  a  new  theory 
must  be  placed  on  probation,  while  being  subjected  to  searching  tests. 
It  is  the  present  position  of  Professor  Weiss's  theory. 
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With  a  view  to  securing,  if  possible,  additional  information  in  regard 
to  the  relation  bet\^een  the  heat  treatment  of  manganese  steel,  and  its 
critical  points,  structure  and  physical  properties,  some  experiments  were 
conducted  in  the  Metallographical  Laboratory  of  Harvard  University 
which  will  be  briefly  described  and  illustrated. 

Steel  Used 

The  manganese  steel  used  in  these  experiments  was  supplied  by  the 
Taylor- Wharton  Iron  and  Steel  Co.  of  High  Bridge,  N.  J.  in  the  shape  of 
cast  bars  §  by  f  in.  in  cross  section  and  about  12  in.  long.  The  steel 
contained  1.25  per  cent,  carbon  and  about  12.50  per  cent,  manganese. 


^^ 

%j&9?0^ 

■"'^flh.^-** 

Fig.  3. — Cast  Manganese  Steel.     Magnified  100  Diameters.    Cementito-Aus- 

TENiTic  Structure. 


Cast  Untreated  Manganese  Steel, — The  structure  of  the  cast  metal 
is  illustrated  in  Fig.  3.  It  consists  of  polyhedric  grains  of  austenite 
surrounded  by  a  considerable  amount  of  a  constituent  generally  held  to  be 
a  double  carbide  of  iron  and  manganese  (manganiferous  cementite),  or  a 
mixture  (possibly  a  solid  solution)  of  the  carbide  of  iron  FcaC  and  the 
carbide  of  manganese,  MuaC.  As  is  well  known  manganese  steel  in  this 
condition  has  a  low  tensile  strength,  low  elastic  limit  and  little  ductility. 
It  is  non-magnetic.  Its  Brinell  hardness  number^  was  found  to  be  196. 
In  the  light  of  the  allotropic  theory  the  absence  of  ferromagnetism  is  to  be 

*The  hardness  tests  mentioned  in  this  paper  were  made  at  the  Watertown 
Arsenal,  Watertown,  Mass.  They  will  be  found  tabulated  at  the  end  of  the 
paper. 
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ascribed  to  the  absence  of  alpha  iron  while  the  lack  of  ductility  of  the 
metal  may  be  accounted  for  through  the  formation  during  the  relatively 
slow  cooling  of  the  castings  of  some  beta  iron,  although,  undoubtedly, 
thf  presence  of  segregated  carbide  surrounding  the  austenite  grains 
and  the  usual  structural  coarseness  of  cast  steel  may  be  also  regarded  as 
causes  of  brittleness. 

Heat  Treaiments 

Some  of  the  steel  bars  were  subjected  to  the  following  treatments: 

Heating  to  1,100°  C.  and  quenching  in  water. 

Heating  to  1,100°  C.  and  cooling  in  furnace. 
Heating  to  1,100°  C.  and  quenching  in  water  followed  by: 

Heating  to  800°  for  2  hr.  and  cooUng  in  furnace. 

Heating  to  700°  for  2  hr.  and  cooling  in  furnace, 

Heating  to  600°  for  2  hr.  and  cooling  in  furnace, 

Heating  to  500°  for  2  hr.  and  cooling  in  furnace. 

Heating  to  400°  for  2  hr.  and  cooling  in  furnace, 

Heating  to  575°  for  90  hr.  and  cooUng  in  furnace. 


Fig.  4. — Manganese  Steel  Heated  to  1,100®  C.  and  Quenched  in  Watbb. 
Magnified  100  Diameters.    Axjstenitic  Structube. 

Before  subjecting  the  treated  specimens  to  microscopical  examina- 
tion and  to  the  Brinell  test  for  hardness  the  outside,  decarburized 
portion  was  removed  by  grinding. 

Bar  Heated  to  1,100°  C,  and  Quenched  in  Water, — The  structure  of 
this  bar  is  illustrated  in  Fig.  4.  The  steel  is  now  made  up  of  polyhedric 
grains  of  austenite,  quenching  from  a  high  temperature  having  caused 
the  disappearance  of  the  segregated  carbide  so  conspicious  in  the  struo- 
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ture  of  the  cast  metal  (Fig.  3).  We  naturally  infer  that  at  a  high  tem- 
perature this  carbide  or  mixture  of  carbides  dissolves  in  the  austenite  and 
that  rapid  cooling  does  not  permit  its  re-precipitation.  To  the  absence 
of  this  carbide  must  be  ascribed  in  part  at  least  the  much  greater  tough- 
ness and  tenacity  of  the  quenched  metal,  although  it  may  reasonably 
be  claimed  that  the  marked  change  of  properties  may  also  be  due  to  the 
now  complete  absence  of  beta  iron.  As  is  always  the  case  with  austenitic 
steel,  the  elastic  limit  remains  low.  Two  bars  subjected  to  water  quench- 
ing from  1,100®  were  tested  for  hardness  giving  respectively  as  factors 


Fig.  6. — Manganbsb  Steel  HisATBD  to  1,100**  C,  Quenched  in  Watbb,  Reheated 
at  700^  fob  2  hb.  8l0wlt  cooled  in  fubnacb.  magnified  100  diameters.  aub- 
tbnito-Martensitic  Structure. 

of  hardness  174  and  181.  This  slightly  decreased  mineralogical  hardness 
as  compared  to  the  hardness  of  the  untreated  metal  (196)  is  in  harmony 
with  the  conception  of  the  formation  of  some  beta  iron  during  the 
relatively  slow  cooling  of  the  cast  bars  and  complete  absence  of  it  in  the 
quenched  bars.  The  quenched  samples  because  of  the  absence  of  alpha 
iron  are  of  course  non-magnetic. 

Bar  Heated  to  1,100°  and  Slowly  Cooled  in  the  Furnace. — The 
structure  of  this  bar  was  similar  to  the  structure  of  the  cast  untreated 
metal  (Fig.  3).  This  was  to  be  anticipated.  Heating  to  1,100*^  caused 
the  segregated  carbide  or  carbides  to  dissolve  in  the  austenite  but  the 
very  slow  cooling  that  followed  resulted  in  its  being  again  precipitated. 
The  metal  was  brittle  and  lacking  in  tenacity.  Its  hardness  number  was 
found  to  be  212,  a  slight  increase  over  the  hardness  of  the  untreated 
metal  (196).    ^This  may  be  explained  on  the  ground  that  the  furnace- 
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cooled  bar  cooled  more  slowly  than  the  cast  bars  resulting  in  the  forma- 
tion of  a  greater  amount  of  beta  iron.  From  the  fact  that  this  bar  is 
non-magnetic  we  infer  that  although  slow,  the  cooling  was  not  slow  enough 
to  permit  the  formation  of  any  appreciable  quantity  of  alpha  iron. 

Bar  Heated  to  800°  for  2  hr.  and  Slowly  Cooled  in  the  Furnace. — The 
structure  of  this  bar  was  quite  similar  to  that  of  the  cast,  untreated  bar, 
but  from  its  greater  hardness,  which  is  now  245  as  compared  to  196,  we 
infer  that  the  long  exposure  to  800°  followed  by  slow  cooling  made 
possible  the  formation  of  a  greater  amount  of  beta  iron.  The  bar,  how- 
ever, is  still  non-magnetic  which  points  to  the  non-formation  of  any 
appreciable  quantity  of  alpha  iron. 


Fia.  6. — Same  as  Fig.  5.    Magnified  500  Diameters. 

Bar  Heated  to  700°  for  2  hr.  and  Slowly  Cooled  in  the  Furnace, — The 
structure  of  this  bar,  illustrated  in  Figs.  5  and  6  under  two  different 
magnifications,  clearly  indicates  the  formation  of  martensite  and  hence 
of  considerable  beta  iron.  From  our  knowledge  of  the  properties  of 
martensite  we  shall  expect  the  steel  to  be  ferro-magnetic  because  of  the 
usual  occurrence  of  an  appreciable  amount  of  alpha  iron  in  martensite. 
We  shall  also  expect  the  steel  to  be  now  mineralogically  harder  than  when 
in  an  austenitic  condition.  These  expectations  are  fulfilled.  Manganese 
steel  so  treated  is  very  appreciably  ferro-magnetic  and  its  hardness  is 
now  266,  or  70  points  higher  than  in  the  cast  condition  and  some  90  points 
higher  than  after  quenching  from  1,100°. 

Bar  Heated  to  600°  for  2  hr.  and  Slowly  Cooled  in  the  Furnace. — The 
structure  of  this  bar  was  similar  to  that  of  the  preceding  bar,  that  is, 
decidedly  martensitic  while  the   bar  is  ferro-magnetic  from  which  it 
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follows  that  the  heat  treatment  to  which  it  was  subjected  resulted  in  the 
production  of  beta  and  alpha  iron.  Its  hardness  number,  335,  indicates 
a  very  great  increase  of  hardness.  Evidently  this  bar  must  contain  more 
beta  iron  than  the  bar  heated  for  2  hr.  to  700°.  This  is  readily  ex- 
plained on  the  ground  that  700°  is  very  near  the  range  of  temperature  in 
which  gamma  iron  is  the  stable  condition. 

Bar  Heated  to  500°  for  2  hr,  and  Slowly  Cooled  in  the  Furnace, — The 
structure  of  this  bar  was  also  found  to  be  martensitic  while  the  metal  was 
ferro-magnetic  but  to  a  decidedly  less  degree  than  the  preceding  bar. 
Clearly,  at  500°  tempering  does  not  proceed  as  far  as  it  does  at  600  with 
the  result  that  less  beta  iron  and  less  alpha  iron  are  formed.  This  is 
perfectly  consistent  with  the  allotropic  theory.  The  hardness  number  of 
the  bar  was  255. 

It  seems  evident  that  a  temperature  of  600°  or  thereabout  is  the  most 
effective  .one  to  render  manganese  steel  martensitic  and,  therefore,  hard 
and  ferro-magnetic. 

Bar  Healed  to  400°  and  Slowly  Cooled  in  the  Furnace, — The  structure  of 
this  bar  was  practically  that  of  the  untreated  quenched  metal.  It  was 
non-magnetic  and  its  hardness  number  was  163.  Clearly,  heating  to  400° 
for  2  hr.  is  not  sufficient  to  cause  any  appreciable  tempering  of  the 
quenched  metal.  There  is  no  apparent  explanation  for  the  fact  that 
the  steel  is  now  somewhat  softer  than  in  the  quenched  condition. 

Bar  Heated  to  575°  for  90  hr,  and  Slowly  Cooled  in  the  Furnace, — Seeing 
that  magnetism  is  readily  produced  by  heating  in  the  vicinity  of  600°, 
while  the  structure  of  the  metal  becomes  decidedly  martensitic,  a  quenched 
bar  was  kept  for  90  hr.  at  a  temperature  of  575°.  The  structure  of  this 
bar  was  of  the  type  illustrated  in  Figs.  5  and  6;  its  hardness  was  356  and 
the  metal  was  so  magnetic  that  the  bar  could  be  readily  picked  up  by  a 
permanent  magnet. 

Conclusions 

From  the  above  data  it  appears  that  manganese  steel  of  the  Hadfield 
type  may  occur  under  three  distinct  conditions:  (1)  as  austenitic  steel 
mixed  with  a  considerable  amount  of  free  carbide,  a  condition  which  is 
produced  by  slow  cooling  from  a  temperature  exceeding  700°;  (2)  as 
austenitic  steel  practically  free  from  segregated  carbides,  a  condition 
produced  by  rapid  cooling  from  a  high  temperature  and  (3)  as  martensitic 
or  possibly  austenito-martensitic  steel,  a  condition  most  readily  produced 
by  reheating  austenitic  steel  for  a  sufficient  length  of  time  to  a  temperature 
exceeding  500°  but  not  700°. 

In  the  first  condition,  which  may  be  described  as  cementito-aus- 
tenitic,  the  metal  is  non-magnetic,  weak  and  lacking  in  ductility,  while 
its  hardness  number  is  in  the  vicinity  of  200.     In  its  austenitic  condition 
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BrineU  Hardness  Tests 


Marked  (Treatment) 

Readings  mm. 

Average  diameter 
mm. 

Hardness  Factor 

Untreated  unmarked 

4.30 
4.30 
4.30 

4.30 

196 

IIOOW 

4.40 
4.50 
4.55 

4.48 

181 

IIOOW  duplicate 

4.55 
4.55 
4.55 

4.55 

174 

IIOOF 

4.15 
4.15 
4.15 

4.15 

212 

800-2-F 

3.90 
3.85 
3.85 

3.87 

245 

700-2-F 

3.70 
3.70 
3.75 

3.72 

266 

600-2-F 

3.35 
3.30 
3.35 

3.33 

335 

500-2-F 

3.80 
3.80 
3.80 

3.80 

255 

400-2-F 

4.70 
4.70 
4.70 

4.70 

163 

575-90-F 

3.20 
3.25 
3.25 

3.23 

356 

1 

All  tests  were  made  under  load  of  3,000  Kg.  with  10-mm.  ball  presBure  held  for 
30  sec.  IIOOW  signifies  heated  to  1,100°  C.  and  quenched  in  ^water;  800-2-F 
signifies  heated  to  800^  for  2  hr.  and  furnace-cooled,  etc. 
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the  metal  has  a  high  tenacity,  great  ductility,  is  non-magnetic  and  its 
hardness  number  is  in  the  vicinity  of  180.' 

The  martensitic  condition  results  from  the  tempering  of  austenite 
as  previously  explained.  The  metal  is  now  ferro-magnetic  because  of 
the  presence  of  some  alpha  iron,  while  its  hardness  varies  between  250*^  and 
350/  an  increase  due  to  the  formation  of  a  considerable  amount  of  beta 
iron* 


*Sir  Robert  Iladfield  mentions  200  as  the  average  ball  hardness  of  quenched 
manganese  steel. 

*In  submitting  quenched  manganese  steel  to  similar  heat  treatments,  i.e.,  pro- 
longed heating  between  500  and  600^  C.  followed  by  slow  cooling.  Sir  Robert 
Hadfield  increased  its  hardness  to  as  much  as  495. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OP  MINING  ENGINEERS 
[subject  to  bevibion] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  peraon  at  the 
Pittsburg  meetms,  October,  1014,  when  an  abstract  of  the  paper  will  be  reiul.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  1, 1014.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Tin  and  Coal  Deposits  of  the  Fu  Chuan  District,  China 

BY  M.  B.  YUNG,  HONG  KONG,  CHINA 
(Pittsburg  Meeting.  October.  1014> 

Location 

The  Fu  Chuan  district  lies  near  the  eastern  boundary  of  Kwang  Si 
province  in  southern  China  and  is  connected  with  the  coast  by  the  West 
river  and  its  branches. 

The  Journey 

The  first  part  of  the  journey  from  the  coast  is  made  very  comfortably 
in  one  of  the  West  river  steamers  which  runs  to  Wuchow,  the  great  dis- 
tributing center  for  the  whole  province.  From  here  there  are  two  ways 
of  reaching  the  Fu  Chuan  district.  One  is  to  drop  down  the  West  river 
for  15  miles  and  ascend  the  Yuen  river  for  120  miles.  The  other  is  to 
ascend  the  Fu  river,  which  joins  the  West  river  at  Wuchow,  and  at  Ping 
Lok  take  chairs  across  country.  Of  the  two  the  former  is  the  more  direct 
and  shorter  but  for  other  reasons  I  chose  the  latter. 

At  Wuchow  one  must  provide  his  own  means  of  transportation,  which 
may  be  a  native  boat  anywhere  up  to  40  ft.  in  length,  but  not  over  18-in. 
draft. 

The  method  of  working  these  river  boats  against  the  swift  current  which 
in  many  places  develops  into  rapids  is  interesting  and  worthy  of  note. 
Tracking  along  the  bank  with  the  tow  Une  attached  to  the  mast  head  is  the 
most  common  procedure,  but  poling,  sculUng,  saiUng  and  winding  up 
the  rapids  by  a  windlass  are  used  as  the  case  may  require. 

The  boatmen  are  the  hardiest  set  of  fellows  I  have  ever  seen  often 
putting  in  15  hr.  of  the  most  exhausting  labor.  The  average  day's  run 
against  the  current  is  15  miles.  On  this  trip  one  should  have  his  own  food, 
bedding  and  servants,  and  a  guard  of  10  or  more  soldiers  is  almost  a 
necessity  as  certain  parts  of  the  river  are  infested  with  pirates. 

The  first  60  miles  of  the  Fu  river  are  all  through  sandstones,  above  here 
the  metamorphic  rocks  come  in,  mica  schists  and  quartzite  predominating. 
In  this  belt  of  metamorphic  rocks  are  several  alluvial  gold  areas,  both  in 
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the  river  itself  and  along  the  banks  where  the  valley  widens  out,  which 
are  worthy  of  further  investigation. 

Surface  samples  from  some  of  the  big  quartzite  ridges  gave  only  from 
30  to  50c.  per  ton  in  gold. 

In  this  belt  of  metamorphics,  which  is  about  60  miles  wide,  the  country 
becomes  much  more  mountainous.  Above  this  belt  the  river  enters 
the  most  marvelous  and  beautiful  scenery,  caused  by  the  erosion  of  a 
great  limestone  area  leaving  its  typical  topography  of  spires,  domes  and 
fantastic  shapes  which  rise  sheer  from  the  clear  waters  of  the  stream. 
Ping  Lok,  our  stopping  place,  lies  in  this  limestone  country.  The  journey 
from  Hong  Kong  to  Wuchow,  a  distance  of  about  300  miles,  takes  2 
days  by  steamer;  from  Wuchow  to  Ping  Lok,  a  distance  of  about  150 
miles,  about  8  days  by  boat,  and  from  Ping  Lok  to  the  mines,  a  dis- 
tance of  80  miles,  3  days  by  chair.  Going  by  the  Yuen  river  from 
Wuchow  the  trip  may  be  made  in  8  or  9  days. 

At  Ping  Lok  the  boat  was  abandoned  and  we  started  across  country 
in  sedan  chairs,  the  luggage  being  carried  by  porters. 

The  country  passed  over  the  first  day  was  all  limestone  and  sandstone 
but  the  second  day  we  began  paralleling  a  range  of  granite  mountains 
which  at  the  end  of  another  day's  journey  brought  us  to  the  tin  district 
which  lies  along  this  granite. 

The  Nam  Shan  Granite 

At  this  point  I  beg  to  digress  for  a  little  to  call  attention  to  this  granite 
and  to  make  a  tentative  proposition  with  regard  to  it  which  I  hope,  when 
the  opportunity  offers,  will  invite  further  research. 

Extending  along  the  coast  line  of  southwestern  Asia  from  the  Yangtze 
valley  to  the  Malay  Peninsula  and  for  a  distance  of  200  miles  inland  is  a 
great  mountain  system  covering  over  300,000  square  miles. 

Von  Richtofen  describes  this  system  in  one  of  his  letters  on  China, 
givingit  the  general  name  of  Nam  Shan.  Owing  to  its  being  so  broken 
up  and  to  its  absence  of  any  central  or  dominant  range,  the  existing  maps 
do  not  recognize  it  as  a  system. 

Granite  forms  a  very  important  part  of  the  rocks  which  go  to  make  up 
these  mountains,  especially  along  the  coast  of  China,  where  it  appears 
almost  continuously  in  the  white  barren-looking  hills  and  islands  seen 
from  the  steamer's  deck  on  the  run  from  Shanghai  to  Hong  Kong.  More- 
over, this  granite  does  not  end  with  this  mountain  system  proper  but 
appears  in  Japan  projecting  beyond  its  northwestern  limit.  The  moun*- 
tains  along  the  inland  sea  of  Japan  are  made  up  of  this  same  granite, 
which  with  its  white  weathering  and  characteristic  topography  presents 
strikingly  similar  appearance  wherever  seen. 

On  the  south,  the  granite  continues  far  into  the  Malay  Peninsula 
where  it  plays  an  important  part  in  the  tin  deposits  of  the  Malay  States. 
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Proceeding  inland  from  the  coast  line  of  China  the  granite  is  generally 
covered  by  metamorphics  and  sedimentaries,  being  itself  responsible  for 
much  of  the  metamorphism. 

For  several  hundred  miles  inland,  however,  wherever  erosion  has  cut 
deeply,  inliers  of  granite  are  found,  varying  in  size  from  a  few  acres  up  to 
many  miles  in  area. 

The  following  are  a  few  common  characteristics  noted  in  the  various 
areas  visited. 

1.  The  granite  is  always  found  underlying  older  bedded  deposits 
which  generally  show  contact  metamorphism. 

2.  Regional  metamorphism  is  also  extensively  developed  in  many 
places  by  the  granite  intrusion. 


Fig.  1. — Ideal  Section  op  Valley  at  Wang  Ka. 


3.  Its  composition  and  texture  while  varying  somewhat  is  fairly  con- 
stant in  its  manner  of  variation.  When  the  granite  is  fresh  and  removed 
from  any  contact  it  has  a  coarse  texture  with  large  phenocrysts  of  potash 
feldspar  associated  with  quartz  and  hornblende  and  with  mica  in  sub- 
ordinate quantities.  In  rare  localities  the  quartz  in  this  granite  has 
apparently  segregated  out  in  large  masses  of  many  acres  in  extent.  In 
different  localities  the  amounts  of  mica  vary. 

4.  Its  appearance  is  white  or  mottled  more  or  less  speckled  with  the 
dark  hornblende  or  mica. 

5.  Its  topography  is  quite  characteristic.  In  the  case  of  the  larger 
more  prominent  mountains,  generally  found  in  the  interior,  where  erosion 
has  kept  the  summits  clear  of  laterite,  a  massive  rounded  or  dome-like 
surface  is  formed  with  large  boulders  abundant  which  weather  to  a  black 
surface.  Where  the  hills  are  low  and  erosion  has  been  unable  to  keep  pace 
with  decomposition,  the  surface  crumbles  into  a  coarse  sand  which  scarcely 
supports  v^etation  and  gives  the  characteristic  white  appearance  seen 
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along  the  coast.  This  latter  phase  is  by  far  the  most  common.  In 
many  places  one  may  look  for  miles  over  a  homogeneous  mass  of  little 
mountains  or  hills,  which  appear  like  a  great  collection  of  ant  hills.  In 
this  material  are  found  boulders  buried  in  the  laterite  to  a  depth  of  50  ft. 
or  more,  due  to  concentric  weathering  of  which  they  are  the  core. 

6.  All  the  tin  properties  which  I  have  seen  or  heard  of  in  southeastern 
China  either  lie  in  or  contiguous  to  this  granite  and  I  understand  that  this 
is  generally  the  case  in  the  Malay  States  also,  so  that  this  granite  may  be 
regarded  as  the  ultimate  source  of  the  tin.  Furthermore,  a  considerable 
percentage  of  the  other  mineral  deposits  within  this  vast  area  invaded 
by  the  granite  owe  their  origin  to  the  contact  of  the  granite  with  the 
sedimentaries. 

Upon  these  general  characteristics  and  upon  its  geographical  and  geo- 
logical distribution,  I  have  felt  justified  in  advancing  the  opinion  that  this 
granite  has  come  from  one  parent  magma. 

Certainly  its  influence  upon  the  geology,  mineralogy  and  geography 
of  this  part  of  the  world  has  been  profound  and  it  is  therefore  worthy  of 
consideration  and  study. 

The  Fu  Chuan  Tin  Deposits 

The  tin  deposits  of  this  district  so  far  discovered  are  all  alluvial  and  lie 
scattered  over  a  range  of  these  granite  mountains  for  a  distance  of  more 
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Fia.  2. — Section  Showing  Typical  Contact. 

than  30  miles.  The  average  latitude  of  this  range  is  about  2,500  ft.  It 
is  flanked  by  limestone  which  forms  foot  hills  and  in  many  places  along 
the  contact  has  been  changed  to  a  pure  white  marble. 

This  contact  of  the  granite  with  the  limestone,  with  perhaps  a  little 
sandstone  intervening,  is  very  generally  mineralized  with  iron  existing  as 
both  oxide  and  sulphide.  (See  Fig.  2.)  In  one  place  there  is  a  hill  500 
yd.  long  by  100  yd.  wide  which  is  entirely  covered  with  good  iron  ore  in 
the  form  of  hematite  and  magnetite. 
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The  tin,  which  is  in  the  form  of  cassiterite,  is  found  in  tne  streams 
which  come  down  from  the  hills,  but  most  of  it  comes  from  the  hillsides 
where  it  lies  in  the  cuplike  depressions  of  the  limestone  and  can  be  easily 
gained  without  the  removal  of  much  overburden  or  interference  from 
water.  The  natives  dig  it  out  of  these  pits,  which  in  extreme  cases  are 
30  ft.  deep,  but  generally  much  less,  and  carry  it  in  baskets  to  the  nearest 
stream  where  it  is  washed  in  short  sluices. 

The  deposition  of  the  tin  high  up  on  these  hillsides  is  evidence  of  the 
erosion  that  has  taken  place  since  the  deposit  of  the  tin,  there  often  being 
a  Umestone  summit  between  these  pockets  and  the  granite  from  which 
they  came. 

There  are  many  level  valleys  among  the  foot  hills  ranging  from  300  ft. 
in  width  up  to  a  mile.  Nothing  is  being  done  in  these  valleys,  where  one 
would  expect  the  best  ground  to  be,  nor  is  anything  known  of  their  con- 
tents. This  is  due  chiefly  to  the  fact  that  the  only  parties  working  in 
this  district  are  native  miners,  each  working  for  himself,  who  depend 
upon  their  daily  product  of  concentrate  for  their  daily  rice.  It  is  entirely 
beyond  the  resources  of  these  people  to  prospect  or  work  these  valley  areas, 
because  in  the  first  place  cultivated  land  would  have  to  be  bought,  and 
drilling  and  dredging  used  to  prospect  and  work  the  ground,  as  the  ground 
water  level  is  only  a  few  feet  below  the  surface  in  most  cases.     (See  Fig.  1.) 

The  ground  worked  by  the  native  yields  cassiterite  from  3  lb.  per  cubic 
yard  up.     It  is  free  from  clay  and  boulders  and  is  ideal  ground  to  wash. 

No  veins  have  yet  been  found,  but  I  was  given  a  piece  of  cassiterite 
weighing  over  J  lb.  which  must  have  come  from  a  vein.  No  prospect- 
ing has  been  done  in  the  granite  which  is  not  recognized  by  the  natives 
as  a  source  of  the  tin,  but  they  have  devoted  considerable  time  to  looking 
for  pipes  in  the  Umestone,  which  always  furnishes  them  with  rich  ore,  in 
fact  a  very  considerable  percentage  of  the  tin  comes  from  this  class  of 
deposit,  which  is  worthy  of  description. 

Caves  are  of  frequent  occurrence  in  the  limestone;  these  vary  from 
cracks  up  to  caves  a  mile  in  length  and  of  variable  section  from  large 
rooms  to  spaces  through  which  it  is  difficult  to  crawl. 

The  streams  have  carried  the  tin  into  these  caves  and  deposited  it, 
together  with  a  soft  porous  lime  salt  in  a  more  or  less  stratified  deposit. 
These  deposits,  which  contain  from  3  to  5  per  cent,  cassiterite,  are  so 
solid  that  blasting  is  resorted  to  in  mining.  These  deposits  are  much 
sought  after  by  the  natives  and  to  their  minds  not  yet  mystified  by  the 
various  theories  of  ore  deposits  answer  all  the  requirements  of  ore  in  place. 

In  one  of  these  caves  about  60  men  were  working.  To  reach  the 
working  place  took  three-quarters  of  an  hour  crawling  through  passages 
where  cold  water  and  foul  air  divided  the  scant  space  and  kept  one  in 
constant  doubt  whether  the  best  chance  of  seeing  daylight  again  lay  in 
keeping  on  or  turning  back. 
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The  Government  Monopoly 

Up  to  the  present  the  industry  has  been  conducted  as  a  provincial 
government  monopoly.  The  government  has  established  stations  at  the 
various  localities  where  tin  is  being  washed,  where  the  concentrate  is 
bought  from  the  natives,  smelted  and  marketed.  The  government  itself 
does  no  mining.  Any  person  can  start  mining  without  any  formality 
whatever  but  he  is  obliged  to  sell  his  product  to  the  government  station. 
The  price  paid  is  generally  fair,  varying  from  360  to  450  cash  per  cattle 
which  is  equivalent  to  12  to  16c.  gold  per  pound  of  70  per  cent,  concen- 
trate. This  would  be  a  most  unreliable  figure  to  count  on,  however, 
should  a  company  commence  producing  tin  on  a  large  scale. 

Under  the  new  mining  laws  of  China  which  have  just  been  issued 
(April,  1914)  it  is  doubtful  what  will  become  of  this  monopoly,  since  no 
provision  seems  to  have  been  made  for  it.  It  deserves  to  pass  out  of 
existence  as  it  is  undoubtedly  holding  back  the  proper  development 
of  this  promising  field. 

Smelting 

The  smelting  is  done  by  contract,  the  smelting  contractor  guarantee- 
ing 64  catties  of  tin  bullion  out  of  every  100  catties  of  clean  concentrate 
he  receives,  and  his  profit  is  what  he  can  make  over  and  above  this  amount. 
He  is  also  the  man  who  buys  the  ore  from  the  miners,  which  serves  as  a 
remarkably  clever  check  on  the  manager  of  the  station. 

The  ore  is  bought  by  inspection,  no  assays  being  made,  and  a  certain 
percentage  is  deducted  for  moisture  as  the  ore  is  always  wet  when  sold. 

If  the  ore  is  not  up  to  the  required  standard,  it  is  washed  by  the  smelt- 
ing contractor,  who  returns  the  discard  to  the  miners. 

The  smelting  is  done  in  a  small  native  shaft  furnace.  The  base  of  the 
furnace  is  a  large  iron  pan  and  the  walls  are  built  up  of  brick  and  clay 
bound  with  iron.  The  blast  is  furnished  by  a  hand  bellows  made  from 
a  hollow  log  (Fig.  3).  Charcoal  is  used  in  the  proportion  of  1.3  to  1  of 
ore  and  a  small  charge  is  added  every  10  min.  The  spout  is  left  open  and 
the  blast  is  not  sufficiently  trapped  so  that  considerable  oxidation  of  tin 
takes  place  at  this  leak. 

Bullion  and  slag  run  continuously  into  a  forehearth  which  is  simply 
a  hole  dug  in  the  floor.  No  flux  is  used  and  very  little  slag  is  formed. 
It  is  skimmed  from  the  forehearth  and  divided  into  two  classes.  The 
top  skimmings,  which  comprise  the  greater  part,  are  granulated,  crusheil 
and  washed,  and  the  concentrate,  representing  about  one-tenth  of  the  lot, 
is  returned  to  the  furnace. 

The  skimmings  coming  from  next  to  the  bullion  are  returned  direct  to 
the  furnace.     Thus  the  two  sources  of  loss  are  the  oxidation  of  the  tin 
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and  the  discard  from  washing  the  slag.  The  capacity  is  700  catties  of 
ore  and  300  catties  of  slag  in  12  hr. 

The  life  of  a  furnace  varies  from  one  to  three  weeks  and  costs  to  rebuild 
about  $10. 

The  tin  bullion  generally  assays  over  98  per  cent,  and  is  used  by  the 
refiners  in  Hong  Kong  to  improve  the  grade  of  the  Yunan  tin.  The  yearly 
output  is  about  150  tons  of  tin  bullion. 
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Fig.  3. — Chinese  Furnace  for  Smelting  Tin. 

Labor  is  abundant  and  of  excellent  quality,  the  wages  averaging  about 
20c.  per  day. 

The  bullion  is  carried  10  to  20  miles  over  flat  country,  120  miles  in 
3-ton  boats  down  a  shallow  river  to  the  West  river  where  large  steamers 
pass  daily.  The  total  cost  of  transportation  from  the  mines  to  Hong 
Kong  does  not  exceed  $6. 

Should  the  numerous  valleys  prove  to  be  dredging  ground  this  district 
might  easily  become  a  very  important  source  of  production. 

Fu  Chuan  Coal 

Situated  a  few  miles  from  the  mountains  in  which  the  tin  is  found  and 
right  on  the  Yuen  river  a  fine  quality  of  coking  coal  is  being  mined  also 

Digitized  by  VjOOQ  IC 


2458      TIN  AND   COAL  DEPOSITS   OP  THE   FU  CHUAN  DISTRICT,   CHINA 

by  the  Kwang  Si  govermnent.  Three  seams  aggregating  24  ft.  in  thick- 
ness occur  in  a  black  shale  bed  not  over  75  ft.  thick,  which  in  turn  lies 
in  limestone.  Above  the  limestone  lies  a  sandstone  breccia  which  has 
been  impregnated  with  siliceous  and  iron-bearing  solutions  resulting  in 
the  iron  nodules  so  often  seen  about  coal  outcrops.  The  surface  weathers 
into  a  red  soil  which  may  be  taken  as  an  indicator  marking  the  extent  of 
the  coal  basin.  The  coal  is  developed  only  to  a  vertical  depth  of  160  ft. 
and  a  length  of  1,000  ft.,  but  judging  from  various  outcrops  and  from  the 
geology  of  the  surrounding  country  I  should  expect  to  find  a  coal  basin 
several  miles  in  extent. 

The  dip  of  the  beds  varies  from  vertical  to  almost  horizontal  with  the 
folding  of  the  strata. 

The  analysis  of  the  coal  is  as  follows: 

Per  Cent. 

Moisture 1.2 

Volatile  matter 18.5 

Carbon 65.0 

Sulphur 0.9 

Ash 14.4 

Coke 71 .0 

It  bums  easily  with  a  long  fiame  and  makes  an  excellent  quality  of 
coke. 

Transportation  is  the  factor  which  renders  this  coal  field  of  small 
importance  at  present.  The  same  conditions  of  transportation  exist  for 
the  coal  as  the  tin. 

To  exploit  this  coal  on  a  big  scale  a  railroad  would  have  to  be  built  to 
the  West  river  a  distance  of  120  to  130  miles  but  for  the  present  a  light 
railroad  from  the  mine  to  Ho  Yuen  a  distance  of  12  miles  would  cut  out 
the  worst  part  of  the  river,  and  from  Ho  Yuen  to  the  West  river  boats 
carrying  30  tons  might  be  used  if  the  narrow  channel  were  deepened  in 
a  few  places.  On  the  West  river  barges  of  any  size  can  be  used.  I  believe 
this  coal  could  be  put  into  Canton  or  Hong  Kong  for  a  total  cost  of  S3.50 
per  ton. 
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If  You  Start 

Your  Tunnel  Right- 

by  adopting  SULLIVAN  ROCK  DRILLS,  you  can  count  on  rapid 
progress  and  low  cost.  There's  a  Sullivan  Drill  just  suited  to  give 
maximiun  service  under  YOUR  conditions. 

We  are  eflBiciency  experts  in  tunnel  driving.  Our  services  are  at 
your  disposal.  Credentials  include  a  long  list  of  Sullivan-drilled 
tunnels,  among  them — 

"Ophelia,"  Colorado;  Santa  Fe  No.  2,  Raton,  New  Mexico;  "Gunnison," 
Colorado;  "Strawberry  Valley,"  Utah;  "Arrow  Rock,"  Idaho;  "Mauch 
.  Chunk,"  and  "Oneida"  and  "Sand  Patch,"  Penn.;  "Storm  King,"  Hud- 
son River;  Catskill  Aqueduct,  a  section  in  New  York  City;"Mt.  Royal," 
Montreal  (World's  Record),  etc.,  etc. 

Ask  far  Bulletin  866-H, 

DIAMOND  DRILLS  AIR  COMPRESSORS 

HAMMER  DRILLS  HOISTS  COAL-CUTTERS 

Sullivan  Machinery  Company 

122  S.  Michigan  Ave.  Ciiicago,  LUS.  A. 
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1845 


W.  &  L  E.  GURLEY 

TROY,  IN.  Y. 

LARGEST  MANUFACTURERS  IN  AMERICA: 


1914 


OF 


Field  Instruments  for  Mining  and  Civil  Engineers 


Also  makers  of  ACCURATE  THERMOMETERS 

PHYSICAL  AND  SCIENTIFIC  LABORATORY  APPARATUS 
STANDARD  WEIGHTS  AND  MEASURES 

BRANCH  FACTORY,  No.  3x5  MARITIMB  BUILDINO,  SBATTLB.  WASH. 
Send  for  Oorley'i  Maniud 
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Raising  with  tlie 

"BUTTERFLY"  STOPER 

in  the  Lake  Superior  County 

One  customer  in  the  Lake  Superior  District 
who  has  100  BC-21  ''Butterfly"  Stopers  re- 
cently drove  100  lineal  feet  of  raise  in  one 
month,   with-  two  ''Butterflys."     The   drills 
were  operated  by  one  man  each,  two  eight- 
hour  shifts  per  day  or  a  total  of  50  shifts. 
The  average  progress  per  day  was 
16  feet  or  4  feet  per  drill  per  shift. 
The  work  consisted  in  driving 
four  raises   100  feet   each.    The 
ground  was  sufficiently  hard  so 
that  timbering  was  unnecessary  other  than 
occasional  sprags  by  means  of  which  the  men 
got  to  the  working  places. 

The  report  covering  the  above  work  was  ac- 
companied by  the  following  comments: 

"This  record  is  so  far  ahead  of  any  other  that  it 
has  made  the  customer  a.firm  believer  in  "Butter- 
fly" Hammer  Drills." 

"Needless  to  say  there  were  no  delays  on  ac- 
count of  broken  parts,  or  the  progress  would  never 
have  been  made." 


Butterfly 
St«K  Drill 


'Butterfly"  Stopers  will  assist  you  in  getting 
results.  Let  us  send  you  Bulletin  4211  con- 
taining further  information. 


IINGERSOLL-RAIND  COMPANY 


NEW  YORK 

AIR  COMPRESSORS 


Offices  the  Worid  Over 
JACKHAMERS 
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LONDON 

ROCK  DRILLS 
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The 
Development 

of  Storage  Battery  Locomotives 
(or  use  in  mines  dates  from 
the  perfection  of  the  EDISON 
Nickel-Iron  Alkaline  Storage 
Battery. 

The  Edison  Battery 

will  work  anywhere — ^wet  or 
dry,  hot  or  cold — for  anyone — 
expert  or  non-expert.  It  is  the 
only  economical  battery  for 
practical  mining. 


Edison  Storage  Battery  Co. 

165  Lakeside  Avenue,  Orange,  IN.  J. 
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The   Slogan   of   fhe   Cameron — ^'Character:    The   Grandest  Thing" 

ECONOMICAL  and  DEPENDABLE  PUMPS 

In  the  mine  pumping  plant,  where  the  service  is  con- 
tinuous and  exacting,  you  need  pumps  that  are  not  only 
economical  in  operation  but  absolutely  dependable. 

Cameron  Centrifugals 

have  just  those  features  of  design  and  construction  which 
make  them  superior  for  this  class  of  work. 

Note  the  simplicity  of  the  Cameron  Multi-Stage  Tur- 
bine type,  illustrated.  The  horizontally  split  casing 
allows  quick,  easy  access  to  all  working  parts.  Unusual 
care  in  choosing  material  and  thoroughness  of  manufac- 
ture insure  low  upkeep  and  operating  costs. 

Get  your  pumping  done  at  the  least  expense — install 
the  Cameron. 

Ask  for  full  particulars  and  Bulletin  No.  151 


Cameron  Four  Stage  Centrifugal 


A.  S.  Cameron  Steam  Pump  Works 

1 1  Broadway,  New  York  offices  the  world  over 

Sept. 
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Members  of  the  American  Institute  of  Mining  Engineers 

are  cordially  invited  to  call  at  our  office  and  we  will  take  pleaS' 
are  in  showing  them  A  Kelly  Press  in  actual  operation  at  oar 
testing  works. 

All  Mining  Engineers  Should  Know 

THE  KELLY  FILTER  PRESS 

(The  last  word  in  filter  presses) 

Acid  proof  filters  and  Special  filter  cloth  for  all  uses. 

Filter  leaves  entirely  accessible. 

Dry  cakes  dumped. 

Especially  adapted  for  drying  oil  flotation  concentrates. 

Ask  us  for  our  new  Bulletin,  just  out, 

KELLY   FILTER   PRESS  CO. 

206  Feft  Building  E.  E.  LUNGWITZ 


Salt  Lake  City 


80  Maiden  Lane,  New  York 
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BLUE  ENAMELED  PIN                60LD  CROSS  HAMMERS 

SEAL  FOB 

Silver 

Gold 

Gold 

Silver             Gold 

$0.75 

$2.60 

$2.75 

$4.00  to  $4.50  $12  to  $20 

Badges 

of  the  above  designs  can 

be  obtained  on  appli- 

cation  to 

the  Secretary, 

AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

29  WEST  39TH  STREET 

NEW  YORK,  N.  Y. 
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A  Barsteel  Gathering  Locomotive  Tliat 
*  Will  Operate  in  a  29-inch  Clearance 

Here  is  an  illustration  of  a  Bald  win- Westinghouse  Bar- 
steel  electric  gathering  locomotive  that  operates  success- 
fully in  a  clearance  of  29  inches — 36  inches  was  heretofore 
considered  about  the  limit  for  locomotives. 

Great  care  has  been  exercised  in  keeping  the  overall 
weight  to  a  minimum,  as  is  shown  in  the  general  construc- 
tion of  the  locomotive  and  the  location  of  the  reel. 

There  is  not  a  projection  above  the  top  of  the  frame 
anywhere  and  ample  room  has  been  provided  to  permit 
the  operator  to  crouch  upon  his  seat. 

The  reel  is  driven  by  an  independent  motor  contained 
inside  the  reel  drum.  This  motor  is  in  effect  an  electrical 
spring.  It  tends  to  wind  the  cable  up  and  its  turning 
force  acts  as  a  brake  and  keeps  the  cable  taut  when  the 
locomotive  enters  the  room  and  promptly  takes  up  all 
slack  .when  the  locomotive  returns. 

With  this  type  of  reel  there  is  easy  access  to  the  loco- 
motive motors,  because  of  its  being  located  out  of  the  way 
on  the  rear  of  the  frame.  The  armature  of  the  reel  motor 
can  be  readily  removed  for  inspection  and  overhauling. 

Locomotives  of  this  type  have  successfully  solved  the 
problem  of  gathering  in  very  low  rooms.  Our  specialists  in 
mine  haulage,  who  make  a  careful  study  of  various  mining 
problems,  will  be  glad  to  assist  you  in  selecting  the  proper 
equipment  for  your  mines. 

Get  in  touch  with  them  by  writing  to  either  company. 

The  Baldwin  Locomotive  Worlcs 

Philadelphia,  Pa. 

Westingliouse  Electric  &  Mfg.  Co. 

Easl  Pittsburgh,  Pa. 
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Institute  Transactions  at  Reduced  Prices 
A  Set  of  45  Volumes  for  $25 

The  response  to  our  recent  offer  of  Institute  Transactions  at  reduced 
prices  was  so  immediate  and  enthusiastic  that  already  Volume  DC  has 
been  reduced  to  the  point  at  which  we  can  no  longer  offer  it  for  sale, 
except  at  an  advanced  price  of  $25.00  per  volume.  In  case  100  orders 
for  Volume  IX  at  $7.00  per  Volume,  bound  in  half  morocco,  are  re- 
ceived, a  second  edition  will  be  published. 

The  Board  of  Directors,  meanwhile,  has  ordered  the  issuing  of  an 
edition  of  the  Transactions  bound  in  cloth,  and  the  complete  schedule 
of  prices  is  given  below. 

Half-Morocco     Cloth         Pap€r 

Volumes  I — XLIV,  inclusive  (except  Vol.  IX)  and  In- 
dexes for  Volumes  I— XXXV  and  XXXVI— XL  $61        $35        $25 
*Any  30  Volumes,  except  Vol.  IX  -------  48          28          20 

fAny  20  Volumes,  except  Vol.  IX-------  35          21          15 

{Any  10  Volumes,  except  Vol.  IX 20          14          10 

Any    5  Volumes,  except  Vol.  IX 9           6            4 

Reproduction  of  Vol.  X-- 6                        5 

Reproduction  of  Vol.  IX  (in  case  100  orders  are  received)  7                        6 

Volumes  IX  and  X  First  Editions,  per  Volume-    -    -  25 

Index  for  Vol.  I— XXXV     ----..---  6           5 

Index  for  Vol.  XXXVI— XL 2.50       1.50 

*0r  28  volumes  and  two  indexes;    for  18  volumes  and  two  tndexes;     ^or  8 
volumes  and  two  indexes. 

All  above  prices  f .  o.  b.  New  York,  N.  Y. 

When  the  number  of  copies  of  any  volume  is  reduced  to  50,  the  price  of 
that  volume  will  rise. 

Make  checks  payable  to  American  Institute  of  Mining  Engineers.  For- 
eign members  are  requested  to  remit  exchange  on  New  York  City  and  not 
personal  checks. 

AMERICAN   INSTITUTE   OF   MINING   ENGINEERS 
29  West  39th  Street.  New  York,  N.  Y. 
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Weston  Ammeters  &  Voltmeters 

FOR  A.  C.  MINING  SERVICE 

Tkese  insfammenb  are  of  the  same  standard  quality  and  possess 
the  same  features  of  durability  and  workmanship  as  the  weD- 
lmo¥fn  Weston  standard  D.  C  instruments.  They  are  so  low 
in  price  as  to  be  within  the  reach  of  aU  users  of  electrical 
measurmg  mstruments* 

Weston  A.  C.  instruments  are — 

Dead  Beat 

Extremely  Sensitive 

Practically  hd^endent  of 

Wave  Form  and  Temperature 

Error,  and  require  very  litde 

Power  to  operate 


Ecfipw  Switchboafd 
Om  C*  Ifulrifiiicot 


FOR  D.C.  CIRCUITS  OF  SMALL        SwHchBoatd  A.  C 
MINE  PLANTS  Instrameot 

Weston  Eclipse  Ammeters,  Milliammeters 
AND  Voltmeters 

are  well  suited.  They  are  of  the  ''softiron*'  orEIectro- 
tns^etic  type,  remarkably  accurate,  well  uade^  nicely 
finished,  ana  espedallv  low  in  price.  Woslon  Edipse  in- 
struments are  far  in  advance  of  all  prececUag  forms  of  the 
softJron  i3rpes. 

Write  for  catalogue  and  information. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  park,  Newark.  N.J.,  u.  s.  a. 

N«w  York  Offle*  ;  114  Liberty  Street. 

Lendon  Branoh  :  Audrey  House,  Ely  Place,  Holbom. 

Paris,  Franea  x  E.  H.  Cadiot,  12  Rue  St  Georges. 

Borlln  :  European  Weston  Instrument  Co.,  Ltd.,  Schoneberg,  Genest  Str.y  5* 
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Winning 
Features  of 
Vulcan  Hoists 


No.  5. — Drums 


The  diameter  and  width  of  Vulcan 
drums  is  calculated  from  rope  diam- 
eter, number  of  feet  to  be  wound  and  the 
loads  and  speeds  that  will  be  encoun- 
tered. The  heavy  cast  iron  shells  in 
Vulcan  drums,  with  their  end  flanges, 
are  fitted  with  stiff  cast  iron  spiders. 
The  spiders — cast  separately — are  joined 

VULCAN  IRON  WORKS.  1744  Main  St..  WILKES-BARRE.  PA. 

New  York,  50  Church  Street.  Chicago,  913  McCormlck  BMg. 


by  fitted  bolts  in  reamed  holes  to  the 
end  flanges.  A  study  of  the  illustration 
reveals  the  sturdiness  of  Vulcan  drums 
that  makes  possible  the  high-grade  and 
reliable  service  for  which  Vulcan  Hoists 
are  noted.  Let  us  assist  ¥ath  your 
hoist  problems.    No  obligation. 


Star  Portable  Drilling  Machines 


Built  In  m«nj  ^li««  h&ih  trACtiaa  mnd  Don'trficttaa 
for  drilUni  aL!  dtptlia  to  4^00  fe^t. 


BQUIPPBD.FOR  STEAM,  GAS  OR  BLBCTRICAL  POWER 

For  Water  WcUs — Oil  and  Gas  Wells — Mineral  Prospecting — Railroad  and  Canal 
Excavations — Cement  and  Crushed  Stone  Quarries — Bridge  Soundings — Coal  Mine 
Ventillatioii — Irrigation,  Etc.  Write  for  Illustrated  Catalog. 

THE  STAR  DRILLraO  MACHINE  COMPANY, 

General  Offices:  Akron,  Ohio.    Branch  Office:  2  Rector  St,  New  York  Citj. 

Works:  Akron,  Ohio. — Chanttte,  Kanias. — ^Portland.  Orefon. — Lone  Beach,  Cat 


L-oogle 
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JEFFREY  BELT  CONVEYERS 

make  possible  quick   and  economical  transportation  of  ores,   coal, 

stone,  gravel,  etc. 

The  Design  and  Con- 
struction of  our  STAND- 
ARD Pulleys,  Carriers, 
Rollers,  Tr'ppers,  etc.,  are 
the  result  of  years  of  ex- 
perience and  are  superior 
in  every  detail. 

Send  for  Belt  Conveyer 
Bulletin  No.  67-D,  also 
for  information  about  our 
STANDARDlAnt  of  Elevating,  Conve)dng,  Screening,  Crushing,  Pul- 
verizing and  Power  Transmission  Machinery  for  Coal  and  Metal  Mines. 

JEFFREY  MFG.  COMPANY,         COLUMBUS,  OHIO 


TRAYLOR«"A^'^rEVp  CRUSHING  ROLLS 


12"  X  30'  AA  TYPE  HEAVY  DUTY  ROLLS. 

ARE  IN  A  CLASS  BY  THEMSELVES.  OWING  TO  THE  FOLLOWING 
EXCLUSIVE  FEATURES  :— 

Automatic  Lateral  Adjustins  Device  which  eliminates  corrugations  entirely  and  allows  you 
to  wear  your  roll  shells  down  to  less  than  1/2"  without  in  any  way  interfering  with  the  operation 
of  the  machine. 

Absolute  Dust  Proof  Bearings,  lined  with  the  best  genuine  hard  babbitt,  and  thoroughly 
lubricated  insuring  Long  Life  and  Smoothe  Operation. 

Positive  Hold  Down  Mechanism,  which  reduces  vibration  to  a  minimum  thus  eliminating  wear. 

Extra  Heavy  Construction,  of  the  Frame,  Shafts  and  Bearings,  making  the  Traylor  Crushing 
Rolls  the  BEST  DESIGNED  ROLL  to  stand  up  under  the  hardest  kind  of  service. 
Catalogue  «G-a"  describes  our  Rolls.    SEND  FOR  IT. 

TRAYLOR  EINGIINEERIING  &  MANUFACTURING  CO., 

MAIN  OFFICE  AND  WORKS— ALLENTOWN,  PA. 

New  York  Offlce,  30  Church  St.  WMtern  Offlce,  S«lt  Lake  City 
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"PEERLESS''  means  "WITHOUT  A  PEER'' 

Fortune  Conveyor  Belt        Peerless  **97**  Elevator  Belt 
Rainbow  Friction  Surface  Transmission  Belt 


These  brands  of  belt  represent  the  highest  quality  attainable  in  their  respective  types. 
DURABLE  RELIABLE  EFFICIENT 

PEERLESS  RUBBER  MANUFACTURING  COMPANT 

IS  WARRSN  8TRBBT,  NBW  YORK,  K.  T. 

Manufacturers  of  Rainbow  Packing,  Peerless  Packing  and  Eclipse  Sectional  Gaskets. 
Also  valves,  air  drill  hose  and  all  other  mechanical  rubber  goods. 

Write  for  samples  and  prices  Technical  catalogue  for  the  asking 


The  true  test  of  economy  in  the  use  of 
a  mechanical  appliance  is  not  so  much 
price  as  service. 

By  such  test  you  should  judge 


Roebling  Wire  Rope 


From  the  steel  furnace  to  the  finished 
rope  every  process  of  manufacture  is 
conducted  so  as  to  result  in  a  service- 
able rope. 


John  A.  Roeblmg's  Sons  Co.         -|jjg- " 


Trenton,  N.  J. 
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Goodrich  Goods 

Bausch  &  Lomb  Engineers'  Precise  Level 

Exclusively  our  own  design 
— capable  of  the  most  accu- 
rate diflferential  leveling— can 
be  used  for  establishing  or 
observing  grades  up  to  3%, 
also  for  the  estimation  of  dis- 
tances by  the  gradienter 
method — provided  with  a 
powerful  telescope,  having 
exceptional  light-gathering 
power. 

This  imique  instriunent  is  characteristic  of  our  unusually  complete 
line  of  transits,  tachymeters,  theodolites,  levels,  alidades,  etc.  Send 
for  Catalog  Metro  m,  describing  many  distinctive  features  of  our 
manufacture. 

Bausch  ^  Ipmb  Optical  (5. 

HEW    YORK         WASHINGTON  CHICAGO  SAN    FRANCISCO 

LONDON    ROCHESTER,.  N.Y.    rRANKrORT 

nir,iti.»Hh»CnOOOlf 
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nPHE  MAN  who  is  so  prejudiced  that  he  always  buys 

'^    one  kind  of  belting  is  cutting  off  his  nose  to  spite 

his  face 


Schieren's  Duxbak  Waterproof  Leather  Belting  should 
be  tried  by  those  who  are  sure. 

They  are  now  using  the  kind  they  need.     lo  to  i  they 
will  find  Duxbak  better  and  more  economical — 

Send  for  price  list— 

CHARLES  A.  SCfflEREN  COMPANY 

89  FERRY  STREET  NEW  TORE  CUT 


Parral  Tank  System  of  Slime  Agitation 

For  Pulp  undeif^oing  Treatment  in 
Cyanide  or  Add  Solutions 


Theoretically  Perfect  Agitation 
Obtained  in  Practice 


Full  Information  on  Request 
Bernard  MacDonaldi  Mgr.    South  Pasadena,  Calif. 


COMPLBTB  GRAPHIC  SOLUTION  FOR 

KUTTER'S  FORMULA 

FOR  THB  FLOW  OF  WATBR 
By  L.  I.  HBVBS  and  J.  W.  ROS,  Shefleld  Scientific  School,  Tale  UniTeraity. 

By  the  use  of  this  diagram  and  a  ■traisht-edce,  a  complete  aolution  of  Kutter'a  Formula 
for  any  given  conditions  can  be  obtained  in  30  seconds,  without  the^  tedious  ealeulatiooa 
otherwise  necessary. 

Printed  on  cloth.  16  by  16  inchea.    Suitable  for  office  or  field  use. 

PRICB.  SO  CBNTS. 
Sent,  postpaid,  on  receipt  of  price,  by 

The  American  Institute  of  Mining  Engineers, 

29  W.  89th  street,  New  York,  N.  T. 


KEEP  UP  TO  DATE. 

REVUE  DE  LMNQENliuR  &  INDEX  TECHNIQUE  aotli  Year) 

An  Bngineering  Journal  and  Complete  Record  of  the  World*!  Technical  litetature,  which 
indexes,  dassines  and  publishes  monthly  rteumte  of  hundreds  of  technica]  periodicala. 
Annual  Subscription,  94/  -.    Belgium  and  Prance,  90/  -.    Or  Better  Still  oy  Joining 

THE  TECHNICAL  AND  INDUSTRIAL  INSTITUTES 

Comprising:  Division  A. — Indexed  Technical  and  Industrial  literature,  current  and 
retrocpective.  Division  B. — Raading  Room  and  Referenee  library.  Mining,  Proapectisg. 
Spedncations  of  Inventions.  Division  C. — ^Laboratories  for  Analyeea.  Practical  Chem- 
istry, Students  admitted.  Laboratories  for  Invcntofa.  Division  D  — ^ladnttrial  Juris- 
prudence. Division  B. — Tranalataons  in  all  Languages  and  facilities  for  the  aofaitaon  of 
various  engineering  problems. 

Subscription  for  Membership,  40/  •  per  annum.    Further  particularB  on  Reqneac 


Offices:  70,  Boulevard  D'Anderlecht,  Bruxelles 

Telephone:  B3300  Telegramst  ITI 
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Efficient  Equipment 

The  Dorr  Classifier 

Tlie  Dorr  Continuous  Tlilckener 

Tlie  Dorr  Agitator 

In  use  by  Institute  Members  all  over  the  world. 
The  Dorr  Cyanide  Machinery  Co. 

NEW  YORK  DENVER,  COLORADO  LONDON 


BEER,  SONDHEIMER  C®,  CO. 

Frankfort-on-IVIaln»  Qernnany 

NEW   YORK   OFFICE       -       -       6i    BROADWAY 

Zinc  Ores,  Carbonates,  Sulphides  and  Mixed  Ores,  Copper  Ores, 
Copper  Matte,  Copper  Bullion,  Lead  Bullion,  Lead  Ores,  Anti- 
mony Ores,  Iron  and  Manganese  Ores,  Copper,  Spelter,  Antimony, 
Antimonial  Lead,  Sulphate  of  Copper,  Arsenic,  Zinc  Dust. 

Own  Smelting  and  Refining  Works 


L.  VOGELSTEIN  C®,  CO. 

43  Broadway  NEW  YORK 

BUYERSi  SMELTERS 
AND    REFINERS    OF 

Ores  and   Metals  of  All  Classes 

Agents  for: 

Aron  Hlrseh  A  Sohn,  Halberstadt,  Germany, 

United  States  Metals  Refining  Co.,  Chrome,  N.  J.  and  OrasselU,  Ind. 

American  Zinc,  Lead  A  Smelting  Co.,  Caney  and  Dearing,  Kansas. 

Kansas  Zinc  Co.,  La  Harpe,  Kansas. 

Tlie  Blectroiytic  Refining  *  Smelting  Co.  of  Australia,  Ltd.,  Port  Kembla,  N.  S.  W. 


ACCURACY  IN  MEASUREMENTS 

is  best  obtained  through  the  use  of 


fUFKJN 

MEASURING  TAPES 

1  The  more  serere  the  tert.  the  better  their  showing. 
For  sale  by  aO  dealers.    Send  for  Catalogue. 

nf£/iffXIAf/?tfL£/?0.     SAGINAW,  MICH.,  U.  S.  A. 

>ON.  BNO  ^ 
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A  DIRECTORY  OF  MINING  AND 


MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALLIS-CHALMERS  MANUFACTURING  CO. 

Milwaukee,  Wisconsin* 
MINING    MACHINERT   of  Eveiy    lype.    Complete 
Power  and  Electrical  Equipments.    For  all  Canadian 
business  refer  to  Canadian  Allis-Chalmers,  Limited, 
Toronto,  Ont 


ANSON  G.  BETTS 

NEW 

Troy,  N.Y. 

Electrolytic    Lead    Refining;      Zinc    Recoveiy    from 

PROCESSES 

Complex  Ores;     Laboratories  for  Metallurgical  Re- 

search. 

PUMPS 


A.  S.  CAMERON  STEAM  PUMP  WORKS. 

11  Broadway,  New  York. 

CAMERON  VERTICAL  PLUNGER  8INRINQ 
PUMPS,  for  shaft  sinking.  CAMERON  HORIZON- 
TAL PLUNGER  STATION  PUMPS,  for  handling 
gritty  water. 


ASSAYERS 

AND 
CHEMISTS 
SUPPLIES 


THE  DENVER  FIRE  CUY  CO. 

Denver,  Celo.  Salt  Lake  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIPIBRS,  MufiBes,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass -hlo wing,  etc.  Write  to-day  for  Cata- 
logue. 


ROCK  DRILLS 

DRILL 
SHARPENERS 

AIR  METERS 

STEEL  HOSE 

ETC. 


DENVER  ROCK  DRILL  MANUFACTURING  CO. 

Denver,  Colo.        El  Paso,  Tex.        New  York  City. 
Salt  Lake  City,  Utah.  San  Franeieeo,  Cai. 

MANUFACTURERS  OP  WAUGH  DRILLS. 


CLASSIFIERS 

THICKENERS 

AGITATORS 


THE  DORR  CYANIDE  MACHINERY  CO. 

New  York  DENVER,  COLO.  London 

Machinery  in  use  for  Cyaniding.  Wet  gravity  Concen- 
tration, Flotation,  Leaching  Copper  ores  'and  many 
non-metallurgical  industrial  processes. 
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METALLURGICAL  EQUIPMENT 


EDISON  STORAGE  BAHERY  Ca 

Orange,  N.  J. 
Mano^tarers  of  tiie  EDISOK  STORAGE  BATTERT 
for  Mine  Haulage.    Write  for  descriptiTe  bulletin. 


EDISON 
STORAGE 
BATTERY 


GENERAL  ELECTRIC  CO. 

Soh^neetady,  N.  Y. 

ELECTRIC 
MII^E 

ELECTRIC  MINE  LOCOMOTIVES.     ELECTRIC 

LOCOMOTIVES 

MOTORS  for  Operating  Mining  Machinery. 

GOODMAN  MANUFACTURING  CO. 

Chicago,  Illinois. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


THE  B.  F.  GOODRICH  CO. 

Akron,  Ohio. 

Goodricb  "Longlife"  *<  Mazecon"  ft  ''Grainbelt"  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 
cost  than  any  other  belts  made. 


CONVEYOR 
BELTS 


HARBISON-WALKER  REFRACTORIES  CO. 

Pittsburgh,  Penna. 

Refractories  of  highest  grade  for  Blast  Furnace  and  the 
Open  Hearth,  Electrical  Furnaces,  Copper  Smelting 
plants.  Lead  Refineries,  Nickel  Smelters,  Silver  Slimes 
and  Dross  Furnaces,  Alloy  Furnaces,  as  well  as  all 
other  types  in  use  in  the  various  metallurgical  processes. 


BRICK 

FIRE  CLAY 
SILICA 
MAGNESIA 
CHROME 


ILLINOIS  ZINC  CO. 

Peru,  III. 

Manu&cturers  of   SPELTER,    SHEET    ZINC    and 
SULPHURIC   ACID. 


SPELTER 

SHEET  ZINC 

SULPHURIC 
ACID 


Googk 
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COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Breadway,  Naw  York. 
*'Return-Air"  Pumps,  Coal  Shearers,  Pneumatic  Hoists, 
'•Electric- Air"  Drills,  Coal  Punchers,  Pneumatic  Tools, 
•«Calyz"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


COAL 

MINING 

MACHINERY 


THE  JEFFREY  MFG.  CO. 

Coltimbua,  Ohio. 

Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,,  Crushers,  Elevators,  Conveyvs,  Pans,  Hoists, 
Pumps,  etc. 


KELLY 
FILTER 
PRESS 


KELLY  FILTER  PRESS  CO. 

206  Felt  Building  £.  £.  Lungwitz 

Salt  Lake  City,  Utah  80  Maiden  Lane,  New  York 

Manufacturers  of  the  KELLY  FILTER  PRESS.  Is 
most  efficient  and  reliahle  for  all  filtering  requirements. 
Especially  adapted  for  drying  oil  flotation  concentrates. 
Send  for  huUetin  of  our  latest  machines. 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


LEAD  LINED  IRON  PIPE  CO. 

Wakeffleid,  Mass.. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — for  Acids  and  Corrosive  Waters. 


WIRE  ROPE 
AERIAL 

WIRE  ROPE 
TRAMWAYS 


A.  LESCHEN  &  SONS  ROPE  CO. 


RMrT«fc      Okas*       St.  Lotils,  Ms. 

Producing  WIRE  ROPE  of  qualities  and  construcu  . 
adapted  to  every  condition  of  wire  rope  service,  includ- 
ing the  celebrated  Hercules  Brand  and  Patent  Flattet>ed 
Strand  and  Locked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramways  for  the  economicid  transportation 
of  any  material. 


BRIQUETTING 
MACHINERY 


MASHEK  ENGINEERING  CO. 

90  Wast  St.,  Now  York. 
Complete  plant  equipments  4,  8,  x6  and  35  tons  of  s  to 
S  oz.  smokeless  and  odorless  briquettes  per  hour.   Com- 
plete plants  designed  and  erected. 
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NORDBERG  MANUFACTURING  CO. 

MilwankM,  Wis. 

High  Ei&ciency  Steam,  Air  and  Electric  Hoists,  Air 
Compressors,  Blowing  Engines,  Pumping  Engines,  Cor- 
liss Engines  and  other  machinery 


MINING 
MACHINERY 


OTIS  ELEVATOR  COMPANY 

Eleventh  Ave.  and  Twenty- Sixth  St.,  New  York. 

OPPICCS   IN  ALL  PRINCIPAL  CITIES  OP  THE  WORLD. 

BuUd  and  erect  all  types  of  Freight  and  Passenger  Ele- 
vators— for  all  kinds  of  power; — including  Furnace 
Hoists,  Incline  Railways,  and  Special  Hoisting  Equip- 
ments and  Machines  for  Mining  use.  Correspondence 
invited. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


PARRAL  TANK  SYSTEM  OF  SLIME  AGITATION 

Bernard  MacDonald,  South  Pasadena,  Calif. 

Mannfactnrer  of  the  Parral  Tank  System  of  Slime 
Agitation  for  pulp  undergoing  treatment  in  cyanide 
or  acid  solutions.    Full  information  on  request 


PARRAL 
TANK 
SYSTEM 
OF 
SLIME 
AGITATION 


PEERLESS  RUBBER  MFa  CO. 

Hew  York 

Manufacturers  of  Conveyor,  Elevator  and  transmission 
h^ts;  packing,  valves,  air  driU  hose  and  all  other  me- 
chanical ruhher  goods.    Write  for  catalogue. 


CONVEYOR 
BELTS 

PACKING 

VALVES 

AIR  DRILL 
HOSE 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  Row,  New  York. 

Messiter  ORE  BEDDING  Systems^FURNACE 
FEEDERS;  SORTING  BELTS,  and  many  other 
special  applications  of  wbat  was  the  Pioneer  and  is  the 
Standard  Belt  Conveyor;  Coal  Handling  Systems; 
Electric  Locomotives;  Hoisting  Machinery. 


ROBINS 

BELT 

CONVEYORS 


JOHN  A.  ROEBLING'S  SONS  CO. 

Trenton,  N.  «l. 

WIRE  ROPE  for  mining  work.    Stock  shipments  ft-om 
agencies  and  hranches  throughout  the  country. 


WIRE 
ROPE 


Googk 
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POSITIVE 

PRESSURE 

BLOWERS 

P.  H.  &  F.  M.  ROOTS  CO. 

C«nii«r«vill«,  End. 

VACUUM  AND 
ROTARY  PUMPS 

GAS 

Manu&cturera  of  the  Roots  Positive  Pressure  Blowen 
for  Smelting,   Foundry  and  Filtration  Work.    Write 

EXHAUSTERS 

lor  CaUlogue. 

WATERPROOF 
LEATHER 
BELTING 


CHARLES  A.  SCHIEREN  COMPANY 

39  Ferry  Street,  New  York 

Manufacturers  of  SCHIBREH'S  DUXBAK  WATER- 
PROOF LEATHER  BELTING.  The  belting  is  water- 
proof and  chemical  proof,  perfect  in  material  and 
workmanship. 


DRILLING 
MACHINERY 


THE  STAR  DRILLING  MACHINE  COMPANY 

General  OfBices:  Akron,  O. 

Branch  Office:  2  Rector  St,  New  Toik  City* 

ivts  Mm.  Wk-dMle.  bML— VMM  •n|M.-4«i  tad,  UL 

Manufacturers  of  Portable  Wen  DrillLig  Machinery, 

traction  or  non-traction  for  drilling  all  depths  to  4000 

feet,  equipped  for  Steam,  Gas  or  Electric  Power. 


ROCK   DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


SULLIVAN  MACHINERY  CO. 

122  South  Michigan  Ave.,  Chicago,  HL 
Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Fans. 


MINING 

MILLING 

SMELTING 

CRUSHING 

MACHINERY 


TRAYLOR  ENGINEERING  &  MANUFACTURING  CO. 

Main  Office  and  Works— Allentown,  Pa. 
New  York  Office,  Western  Office, 

SO  Church  Street  Salt  Lake  City 

Manufacturers  of  MINING,  MILLING,  SMELTING 
and  CRUSHING  Machinery.  TRAYLOR  Products  pos- 
sess Quality.    Our  Expert  Engineers  are  at  your  service. 


AIR  LOCOIOnVES 
BBEAKER  lACHINERY 
COALWASHIhG  PUNTS 
COfflfEYIMi  MAOIIhERY 
CRUSHING  MACHINERY 
GASOLINE  lOCOMTIVES 
HOISTING  ANR  HAULING  MA- 
CHINERY 
IWM  LOCOMOTIVES 
VBITIUTING  FANS 


VULCAN  IRON  WORKS 

Wilkes- Barro,  Pa. 
Vulcan  Electric  Mine    Hoists,   Steam  Hoists,  Hoist- 
ing and   Haulage    Engines,   Mining    Machinery,  etc. 
Nicholson  Device  for  Prevention  of  Overwinding. 

(20)  Digitized  by  Google 


METALLURGICAL  EQUIPMENT 


WESTINGHOUSE  ELECTRIC  &  MFG.  CO. 

East  Pittsburgh,  Pa« 
THE  BALDWm-WESTmGHOUSE  ELECTRIC  MINE 
LOCOMOTIVES.    For  full  informAtion  write  either  to 
above  address   or  THE  BALDWIN   LOCOMOTIVE 
WORKS,  Pbiladelphia,  Pa. 


ELECTRIC 

MINE 

LOCOMOTIVES 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark,  N.J. 

Weston  Eclipse  AMMETERS,  MILLIAMMETERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  CircuiU 
of  email  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 


HENRY  R.  WORTHINGTON 

PUMPS 

116  Broadway,  New  York. 

CONDENSERS 

Works:  Harrison,  N.  J. 

WATER   METERS 

Steam  Pumping  Machinery  for  every  service.    Jet,  Sur- 

WATER WORKS 

face  and  Barometric  Condensers.    Water  Meters  and 

PUMPING 

Water  Works.    Pumping  Engines. 

ENGINES 

ALPHABETICAL  AND  ANALYTICAL 

INDEXES 

To  the  Transactions  of  the  American  Institute  of  Mining  Engineers 

VOLUMES  I  to  XXXV— 1871  to  1904 
706  pages,  6  by  9  inches. 

Bound  in  cloth, SS.00 

Bound  in  half-morocco, 90.00 

VOLUMES  XXXVI  to  XI^1905  to  1909 
186  pages,  6  by  9  inches. 

Bound  in  doth, $1.60 

Bound  in  half-morocco, •       •       $2.60 

Taken  together  these  two  indexes  furnish  in  convenient  form  for  ready  reference 
eversrthing  of  importance  contained  in  the  Transactions,  and  give  to  both  member 
and  non-member,  whether  possessing  a  set  of  the  Transactions  or  not,  the  means  of 
ascertaining  at  a  minimum  expenditure  of  time  and  trouble  the  exact  contents  of 
the  volumes  on  any  given  subject  of  special  interest. 

Sent,  prepaid,  on  receipt  of  price  by 

The  American  Institute  of  Mining  Engineers, 

29  West  39th  Street,  New  York 

.jiiLLUu^CoorgJe 
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ALDRI06E,  WALTER  H. 

Conniltiiig  Mining  and 

MeteOiirgieal  BnginMr 

14  Wall  Street  NSW  TO&X 


ARMSTEAD,  Henry  Howell 

Consalting  Engineer 

20  Broadway 

NEW  YORK 

Apartado  65,  Guanajuato,  Mezioo 


CHANNIN6,  J.  PARKE 

CensnltlRg  Engineer, 
48  Broadway,  NEW  YORK. 


BEATTY,  A.  CHESTER 

Centttlting  Mining  Engineer, 

71  Broadway, 

NEW  YORK,  N.  Y. 

Cable  AddM: 

Qranttle. 

BREWER,  WM.  M. 

ContuUing  MinwQ  Bnain49r 

and  O^olooiti, 

P.  O.  Box  701,  VICTOBIA,  B.  a 

Conneoted  with  the  Tyee  Copper  Co.,  Ltd. 


COULDREY,  PAUL  S. 

Mining  Engineer 

General  Mining  Superintendent 
Cebso  db  pAaco  Mining  Co. 

CERRO  de  PASCO,  PERU 


BROWN,  H.  B. 

Mining  Engineer 

Britiah  Columbia  minea  bought,  aold  and 
operated.    Correapondenoe  aotkited 

7a»  Pacific  Block,     VANCOUVBR,  B.  C. 
PRUTCB  RUPBRT 


HAMMOND,  JOHN  HAYS. 
CeMiltlBf  EHlMer , 
71  Bioadway.  NEW  YORK, 


BURCH,  H.  KENYON 

Meckaitcal  ai4  Mdatlorgical  ERfiieer 
Care  Inapiration  ConroHdated  Copper  Co. 
MIA.;il,  GIU  COUNTY,  ARIZONA 
Deeigner  and  Builder  of 
Power,  Hoiatinf.  Pummng, 
Crushing  and  MtUing  Pianta. 

Speoialtiea  Concentration  of  Orea. 

Eoonomio  Handling  of  Materiala. 


HANKS.  ABBOT  A. 

Cbenist  and  Aeeayer 

EstabUshed  k866 

Control  and  Umirfre  Asaaya,  Supervi- 
sion of  Sampling  at  Smelters,  Chemical 
Analyses  of  Ores,  Minerals,  Minciml 
Waters,  etc. 

OO  Sienuseiu  St.    San  FniBoieee,  Cal. 
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HARDMAN,  JOHN  E. 

CoMuHlog  Wniiig 
Boom  601,  Boyal  Tmat  BuUdlng, 

MONTREAL.  CANADA. 
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HOYLE,  CHARLES 

MhilRO  Eiiflfiiaer, 

Apartado  8,  £1  Oro» 

ESTADO  DE  MEXICO,  MEXICO. 

LEDOUX  &  COMPANY 
Assayert  and  Sanpiert 


99  John  Streeti 


NEW  YORK 


Independent  Sampling  Works 

New  York  and  Jersey  City 

Bepiesentatives  at  all  refin<Bries  and 

smelters  on  Atlantic  seaboard 


LOWE,  HENRY  P. 

Cooaulting  and  Mining  Engineer, 
CENTRAL  CITY,  COLORADO. 

Bedford  MoNeiU  Code, "  Lows.  Bbntkb." 

MYERS,  KSMX  B. 

Mining  Engineer 
321  Btoiy  Buildixig  LOS  ANGBLBS 


Row  AMD  POILLON  C  H.  POIRIBB 

POILLON  &  POIRIER 

Mining  Engineers 
63  Wan  Street 

NEW  YORK  CITY 


RATES' 


FOR   PROFESSIONAL   CARDS 

QUOTED  ON  Application. 


RAYMOND,  ROSSITERW. 

Mining  Engineer  and  Metallnrglst 

29  West  Thirty-Ninth  Street 

NEW  YORK 


REVETT,  BEN  STANLEY 

Mining  Engineer 

Alluvial  Mining 

AND  Installations 

BRECKENRiDGE,  COLORADO 

Cibk:  *« Dredger" 

Code:  Bedford-McNeii 


RICHARDS,  ROBERT  H. 

On  Dntting 
MaflMchnietts  Institiite  of  Technolocy 
BOSTON t  MASS. 


RIOBDAH,  D.  M. 

CoruuUino  Engineer 
liOninff  TnTeBtigationB  especially  carefully 
madelor  revponsible  intending  investon. 

City  livcsHif  M^  1(5  Brta*ray.  New  YkL 


RICKETTS  &  BANKS, 

80  Maiden  Lane,  New  York, 

Mining,  Metollnrgioal  and 

Chenloal  Englneert, 

ExMoinadoB  of  Propcrtiet.  Testing  of  Oret 
for  Best  PreceM  of  Treatment.  Coasaludon 
in  Mining,  Metallurgical  and  Milling  Practice. 


PORTER  W.  SHIMER  &  SON 

Metallurgical  Chemists 

ESTABLZSHXD   1885 

AMiyses  of  Iroi,  steel,  ai4  otlKr  metals,  alloys, 
•res,  minerals,  coal  w6  calce,  cemeit,  water,  etc 


CONSULTATION 
INVESTIGATION 
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EASTON,  PERN'A 
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SPILSBURY,  E.  GYBBON, 

ST0U6HT0N,  BRADLEY 

and  KttaUnrgtoal  Engineer, 

CoiiMittiiig  McMuisloa  Engfnecr 

45  Broadway.              NEW  YORK. 

29  West  39th  Street 

Gable  AddreH:  '^apUr^e/*  Nmo  Tarh. 

NEWYOm 

PROPOSALS    FOR    MEMBERSHIP,   A  blank  proposal  (or  membership 

is  included  in  each  Year  Book  and 
Bulletin.  In  the  event  o{  not  being  able  to  secure  such  a  one,  applica- 
tions for  membership  can  be  made  out  on  any  blank  piece  of  paper,  pro- 
vided they  include  the  class  to  which  the  candidate  is  proposed,  wh^er 
member,  associate  or  junior  member;  the  signature  of  three  members  or 
associates  (junior  members  must  also  have  the  endorsement  of  two  of  their 
instructors);  a  brief  history  of  the  candidate,  including  date  and  place  of 
birth,  his  education  and  technical  record,  and  finally  a  signed  statement  by 
the  applicant  that  he  desires  to  become  a  member. 
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EMMONS'  ORE-DEPOSITS 

A  continuation  of  the  "Posepny*  Volume 
Comprising  Papers  Descriptive  of  Ore-Deposits  and  Discussions  of 
their  Origin,  Edited,  with  an  Introduction,  by  Dr.  S.  F.  Emmons. 

Contents, 

Genena  of  Certain  Ore-Deposits.     By  8.  F.  Emmons. 

Structural  Relations  of  Ore-Deposits.     By  S.  F.  Emmons. 

Geolosical  Distribution  of  the  Useful  Metals  in  the  United  States.  By  8.  F.Emmons.  Dis- 
cussion by  John  A.  Church,  Ahthtth  Winblow,  S.  F.  Emmonb,  and  Wiluam  Hamii^- 
TON  Mbrsftt. 

Torsional  Theory  of  Joints.  By  Gbobob  F.  Bbcxxb.  Discussion  by  H.  M.  Howa,  R.  W. 
Raymond,  C.  R.  Botd,  and  GsoBaa  F.  Bxckxb. 

Allotropism  of  Gold.    By  Hbnbt  Lotna. 

Superficial  Alteration  of  Ore-Deposits.     By  R.  A.  F.  Pxnbobb,  Jb. 

Some  Mines  of  Rosita  and  Silver  Cliff,  Colorado.     By  S.  F.  Emmons.' 

Genesis  of  Certain  Auriferous  Lodes.  By  John  R.  Don.  Discussion,  by  Joseph  Lb  Contb, 
8.  F.  Emmons,  Q.  F.  Bbckbb,  Abthub  Wxnblo-w,  W.  P.  Blakb,  and  J.  R.  Don. 

Influence  of  Country^Rock  on  Mineral  Veins.     By  Waltbb  Habvbt  Wbbd. 

Igneous  Rocks  and  Circulating  Waters  as  Factors  in  Ore-Deposition.     By  J.  F.  Kbmp. 

Consideration  of  Igneous  Rooks  and  Their  Segregation  or  Differentiation  as  Related  to  the 
Occurrence  of  Ores.     By  J.  E.  Spubb.     Discussion,  by  A.  N.  Winchbxx. 

Ore-Deposits  near  Igneous  Contacts.  By  Wazjtbb  Habybt  Wbbo.  Discussion,  by  W.  L. 
Austin. 

Ore-Deposition  and  Vein-Enrichment  by  Ascending  Hot  Waters.  By  Waitbb  Habvbt 
Wbbd. 

Basaltic  Zones  as  Guides  to  Ore-Deposits  in  the  Cripple  Creek  District,  Colorado.  By  E.  A. 
Stbvbns. 

Geological  Features  of  the  Gold-Production  of  North  America.  By  W.  Lxndobbn.  Discus- 
sion, by  W.  G.  MiLLBB,  and  W.  L.  Austin. 

Osmosis  as  a  Factor  in  Ore-Formation.     By  Hausbbt  Powbbs  Gii<lbttb. 

Ore-Deposits  of  Sudbury,  Ontario.    By  C^ablbs  W.  Dickbon. 

Genesis  of  the  Copper-Deposits  of  Clifton-Morend,  Arisona.     By  W.  Lindobbn. 

Coppex^Deposits  at  San  Jose,  Tamaulipas.  Mexico.     By  J.  F.  Kbmp. 

Magmatio  Origin  of  Vein-Forming  Waters  in  Southeastern  Alaska.     By  A.  C.  Spbncbb. 

Genetic  Relations  of  the  Western  Nevada  Ores.     By  J.  E.  Spubb. 

Are  the  Quarts  Veins  of  Silver  Peak,  Nevada,  the  Result  of  Magmatac  Segregation?  By 
J.  B.  Habtinqb. 

Occurrence  of  Stibnite  at  Steamboat  Springs,  Nevada.    By  W.  Lindobbn. 

Summary  of  Lake  Superior  Geology  with  Special  Reference  to  Recent  Studies  of  the  Iron- 
Bearing  Series.     By  C.  K.  Lbith. 

Geological  Relations  of  the  Scandinavian  Iron-Ores.     By  H.  SjOobbn. 

Formation  and  Enrichment  of  Ore-Bearing  Veins.  (With  Supplementary  Paper.)  By 
Gbobgb  J.  Bancboft. 

Distribution  of  the  Elements  in  Igneous  Rocks.    By  H.  S.  Washington. 

Agency  of  Manganese  in  the  Superficial  Alteration  and  Secondary  Enrichment  of  Gold-De- 
posits of  the  United  States.    By  W.  H.  Emmonb. 

Cognate  Papers. 

Bibliography  of  the  Science  of  Ore-Deposits.     By  J.  D.  Ibvxng,  H.  D.  Smith,  and  H.  G.  Fbb- 

OUSON. 

The  volume  contains  also  a  Biographical  Notice  o!  Dr.  Emmons  by  his  asso- 
ciate and  friend.  Dr.  George  F.  Becker,  and  a  comprehensive  Biographical  Index 
of  the  Science  of  Ore-Deposits,  prepared  by  Prof.  John  D.  Irving,  of  the  Sheffield 
Scientific  School  of  Yale  University. 

Pricei  bound  in  clothi  $5;  in  half  moroccOy  S6. 

AMBSICAN  IN STITUTB  OF  MIIONO  BNOINBBRS 

39  West  39th  St.,  New  Tork,  N.  T. 
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PAMPHLET  COPIES  OF  PAPERS 

The  pamphlets  m  the  following  list  will  be  sold  at  the  reduced  prices  un- 
til the  present  stock  is  exhausted.  Prices  to  Members,  one-half  those  listed. 
The  minimiun  charge  for  each  order  will  be  2  5  cents.  Please  remit  by  money- 
order,  New  York  ckaft,  stamps  or  coin.  Add  10  cents  for  exchange  on  out- 
of-town  checks. 

MINING  Nunher 

File  No.  Methods  Price.  vanUti. 

994  Shaft^nking  Methods  of  Butte.    By  Norman  B.  Braly 20  

1043     The   Injection  of  Cement   Grout  into   Water>Bearins   Fbauree.     By   Francis 

Donaldson 10  

1063  Drilling  Performance  at  the  Kensico  Dam.  Catskill  Aqueduct,  New  York.    By 

W.  L.  Saunders 10  

1003  Rock-Drilling  Economies.     By  W.  L.  Saundera 20  

918     A  Problem  in  Mining,  together  with  Some  Data  on  Tunnel-Driving.     By  F.  M. 

Simonds  and  £.  Z.  Bums 20  
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Two-Drum 

NORDBERG 

Electric  Hoists 

THE   above   photograph    shows    a   typical   medium   sized    Nordberg 
Electric*  Hoists,  driven  by  600    r.p.m.    induction  motor  through  cut 
herringbone  gears.  ' 

The  load  is  4000  lbs.  of  water  and  the  total  rope  pull  10,200  lbs.     The  drums 
are  6  it  in  diameter  and  56  in.  face,  with  a  capacity  or  2000  ft  of  one-inch  rope. 
The  hoist  has  post  brakes  of  the  Nordberg  parallel  motion  type,  operated  by 
hand  lever  with  sector. 

The  clutches  are  of  the  Nordberg  axial   plate  type,  operated   by  worm  and 
hand  wheel. 

NORDBERG  ELECTRIC    HOISTS  ARE  BEING  BUILT  IN 
all'   SIZES    TO    SUIT     ALL     HOISTING     CONDITIONS. 


NORDBERG 


NACHINERiri 


For]  further  information  send  for  our  new  Electric  Hoist 
Bulletin.  24. 

NORDBERG  MANUFACTURING  CO. 

Milwaukee,   Wisconsin 

Manufacturers  of  High  Efficiency  Corliss  Engines;  Uniflow 
Engines;  Poppet  Valve  Engines;  Air  Compressors;  Blowing 
Engines;  Hoisting  Engines;  Pumping  Engines;  and  other 
machinery. 


NORDBERC 
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EXTRACTS  FROM  THE  CONSTITUTION. 

ARTICLE  II.— MEMBKR& 

Sec.  1.  The  membership  of  the  Institute  shall  comprise  four  classes,  namely :  1.  Membeca;  2.  Hon- 
orary Members ;  3.  Associates ;  4.  Junior  Members.  *  *  * 

Sec.  2.  The  following  classes  of  i>ersons  shall  be  eligible  for  membership  in  the  Institute,  namely :  as 
Members,  all  professional  mining  engineers,  geologists,  metallurgists,  or  chemists,  and  all  persons 
actively  engaged  in  mining  and  metallurgical  engineering,  geology,  or  chemistry ;  as  Associates,  all 
persons  desirous  of  being  connected  with  the  Institute  who  in  the  opinion  of  the  Board  of  Direetoca 
are  suitable. 

As  Junior  Members,  all  students  in  good  standing  in  engineering  schools  who  have  not  taken  their 
degrees  and  who  are  nominated  by  at  least  two  of  tht;ir  instructors.  *  *  * 

Erery  candidate  for  election  as  a  Member,  Associate,  or  Junior  Member  must  be  proposed  for  election 
by  at  least  three  Members  or  Associates,  must  be  approved  by  the  Committee  on  Membership,  as  pre- 
scribed in  the  By-Laws,  and  must  be  elected  by  the  Board  of  Directors. 
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BULLETIN  ADVERTISING 

In  view  of  the  critical  condition  of  business  due  to  the  European  war, 
advertising  appropriations  are  liable  to  be  severely  cut.  As  the  advertis- 
ing pages  of  the  Bulletin  provide  a  considerable  income  to  the  Institute 
we  feel  justified  in  suggesting  several  methods  by  which  you  can  help 
the  Institute  to  retain  its  present  body  of  advertisers: 

1.  By  purchasing  machinery  or  supplies  from  our  advertisers.  If  the 
materials  are  not  advertised  in  the  Bulletin  can  you  not  suggest  to  the 
manufacturer  that  you  and  other  members  of  the  Institute  would  be 
interested  in  seeing  his  products  advertised  in  the  Bulletin, 

2.  By  instructing  your  order  clerk  to  note  on  all  purchasing  orders 
that  you  are  a  member  of  the  A.  I.  M.  E.,  in  order  that  manufacturers 
may  appreciate  the  purchasing  power  of  our  membership. 

Either  of  these  methods  wUl  bring  to  the  attention  of  the  advertisers 
the  fact  that  the  large  body  of  Institute  members  purchase  in  the  aggre- 
gate an  immense  amount  of  machinery  and  supplies. 

3.  If  you  are  a  manufacturer  why  not  place  some  of  your  advertising 
in  the  Bulletin,  thereby  keeping  your  products  before  your  fellow  members. 

You  will  readily  appreciate  the  importance  of  maintaining  the  BuUeiin 
on  its  present  plane.     Your  co-operation  is  essential. 


THE  EUROPEAN  WAR  AND  AMERICA'S  INDUSTRIAL 
INDEPENDENCE 

In  view  of  the  handicap  under  which  many  of  the  industries  of  this 
country  are  laboring  at  the  present  time  because  of  lack  of  sufficient 
supplies  to  carry  on  manufacturing  processes,  Dr.  George  Otis  Smith, 
Director  of  the  U.  S.  Geological  Survey,  has  prepared  Bulletin  No.  599, 
entitled,  "Our  Mineral  Resources:  How  to  Make  America  Industrially 
Independent."  This  Bulletin  will  be  sent  to  the  members  of  this  Institute 
who  make  application  addressed  to  the  Director,  U.  S.  Geological  Survey, 
Washington,  D.  C,  the  object  of  the  Survey  in  this  instance  being  to 
disseminate  information  in  order  that  our  resources  may  be  more  fully 
developed,  and  that  our  industrial  enterprises  may  become  independent 
of  foreign  sources  of  supply. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

A  member  of  the  Institute  who  has  had  many  years'  experience  in 
oflSice  management  for  prominent  mining  engineering  and  metallurgical 
companies,  and  who  is  now  located  in  the  West,  would  like  to  secure  an 
executive  position  with  a  firm  or  company  engaged  in  mining  or  metal- 
lurgy, located  in  the  East,  and  preferably  in  New  York.     No.  139. 

Member,  aged  36,  married,  graduate  mining  engineer,  14  years' 
active  experience  as  engineer,  superintendent,  and  manager  of  large  coal- 
mining operations.     Wide  experience  in  development  and  operation  of 
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mines,  construction  and  operation  of  modem  coal  washeries  and  coke 
ovens.  Best  of  references  and  reasons  for  desiring  change.  Speaks 
Spanish  fluently.  Desires  position  of  responsibility  with  coal-mining 
company.     No.  140. 

Member,  aged  45,  technical  graduate  and  metallurgist,  with  20  years' 
experience  in  steel  works  arxd  rolling  mills,  eight  years  as  general  super- 
intendent, desires  to  make  a  change.     No.  141. 

Technical  graduate,  aged  27,  desires  position  in  steel-testing  labo- 
ratory. Some  experience^n  metallography  and  chemical  analysis. 
No.  142. 

Member,  aged  30,  technical  graduate  with  eight  years'  experience  in 
steel  rolling-mill  work,  last  position  as  mill  superintendent,  desires 
position  along  similar  lines.     No.  143. 

Member,  technical  graduate,  aged  35,  with  extensive  experience  in  all 
phases  of  steel-plant  design  and  construction,  in  coal  and  clay  mining  and 
refractories,  desires  position  in  steel  plant,  engineering  or  operation. 
No.  144. 

Chemist,  metallurgist,  aged  28,  college  graduate,  with  four  years' 
experience  as  chemist  in  charge  of  research  laboratory  of  steel  works, 
desires  position.  Familiar  with  general  steel-works  analyses,  metaJlo- 
graphy,  and  physical  testing  of  steel.     Best  references.     No.  145. 

Member,  aged  29,  unmarried,  technical  graduate,  four  years'  experi- 
ence in  blast-furnace  operation,  desires  position  as  assistant  superintend- 
ent. With  present  employers  ten  years.  Best  references  furnished. 
No.  146. 

Member,  aged  30,  technical  graduate,  with  seven  years'  experience  in 
surface  and  underground  surveying,  desires  position  as  engineer.   No.  147. 

Member,  aged  27,  technical  graduate,  with  experience  as  assayer, 
surveyor,  and  mine  superintendent  and  in  mine  examination;  desires 
position  as  mine  superintendent,  chief  engineer,  or  geologist.     No.  148. 

Metallurgist  with  15  years'  experience  as  foundry  superintendent 
desires  position  as  instructor  in  foundry  practice  in  college  or  high  school. 
Good  references.     No.  149. 

Young  man,  with  one  year's  experience  as  assistant  in  laboratory  of 
a  zinc  smelting  plant,  desires  position  as  a  chemist's  assistant  or  assayer. 
Speaks  Spanish,  Italian,  French  and  some  German.     No.  150 

Member,  aged  44,  with  over  23  years'  experience  in  the  design,  build- 
ing, and  maintenance  of  blast  furnaces,  steel  works,  and  rolling  mills. 
Experience  acquired  with  best  of  engineers  and  at  most  successful  steel 
works.     No.  151. 

Member,  at  present  general  manager  of  large  copper  mining  and  smelt- 
ing concern,  will  be  at  liberty  Nov.  1.  Over  25  years'  experience. 
Speaks  several  languages,  including  Spanish.     No.  152. 

Experienced  mining  construction  accountant,  aged  45,  with  good 
knowledge  of  handling  construction  work,  including  commissary  depart- 
ment, some  knowledge  of  Spanish,  would  consider  any  position  in 
accounting  department.     Best  references.     No.  153. 

Graduate  engineer,  aged  24,  with  two  years'  experience  as  chemist, 
desires  position  in  connection  with  metallurgy  of  non-ferrous  metals. 
Si>eaks  German  and  has  reading  knowledge  of  French.     No.  154. 

Member,  technical  graduate,  aged  28,  with  six  years'  experience  in 
mining,  milling  and  assaying,  desires  position  in  mill,  smelter,  or  labora- 
tory offering  good  chances  for  advancement.     No.  155.  r^^^r^Tr> 
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PERSONAL 

(Members  are  urged  to  send  in  for  this  column  any  notes  of 
interest  concerning  themselves  or  their  fellow-members.) 

Members  and  guests  who  registered  at  Institute  headquarters  during 
the  period  Aug.  10  to  Sept.  10,  1914: 

WiUiam  Huff  Wagner,  Milford,  Del.  Stanley  C.  Harold,  San  Jose,  Gal. 

Charles  W.  Hamilton,  Tampioo,  Mexioo  IL  J.  Grant,  Denver,  Colo. 

A.  M.  Van  Rensselaer,  New  London,  Conn.  John  Lloyd,  Wilkes-Barre,  Pa. 
Henry  C.  Carr,  New  York,  N.  Y. 

D.  M.  Riordan  has  been  appointed  to  act  as  special  adviser  to  the 
Secretary  of  the  Treasury  and  has  sailed  on  the  U.  S.  S.  ''Tennessee" 
for  Europe,  where  he  will  assist  in  aiding  Americans  in  returning  to  the 
United  States. 

S.  M.  Marshall,  formerly  Chief  Engineer  of  the  Cambria  Steel  Co., 
Johnstown,  Pa.,  has  resigned  as  Assistant  General  Manager  of  A.  J.  Haws 
&  Sons,  refractory  manufacturers,  Johnstown. 

Stanley  A.  Easton  has  been  re-elected  President,  and  Charles  McEinnis 
Secretary,  of  the  Caledonia  Mining  Co. 

Clarence  M.  Schwerin  has  been  elected  President,  and  Warren 
Delano  Chairman  of  the  Executive  Committee,  of  the  Vinton  Colliery  Co. 

J.  R.  Buchanan  has  been  made  General  Superintendent  of  the  Im- 
perial Reduction  Co.,  at  Ogilby,  Cal. 

Dr.  C.  W.  Hayes,  who  resigned  the  office  of  Chief  Geologist  in  the 
United  States  Geological  Survey  in  1911  to  take  a  position  as  Vice- 
President  and  General  Manager  of  the  Mexican  Eagle  Oil  Co.,  with 
headquarters  at  Tampico,  has  left  Mexico  for  England.  He  retains  his 
connection  with  the  Eagle  Co.  as  First  Vice-Pros  dent,  but  will  not 
longer  act  as  General  Manager.  He  will  be  occupied  chiefly  as 
geological  adviser  to  S.  Pearson  &  Son,  Ltd.  Dr.  Hayes's  permanent 
address  will  be  47  Parliament  St.,  Westminster,  London,  England. 

D.  L.  H.  Forbes  has  accepted  the  position  of  Chief  Construction 
Engineer  for  the  Chile  Exploration  Co.,  at  Chuquicamata,  Chile. 

L,  H.  Underwood  has  been  appointed  Assistant  Superintendent  of  the 
by-product  coke  department  of  the  Gary,  Ind.,  works  of  the  Illinois 
Steel  Co. 

W.  M.  H.  Woodward  has  been  appointed  mineral  examiner  of  the 
U.  S.  Forest  Service,  District  No.  6,  with  headquarters  at  Portland,  Ore. 

L.  Selmi  has  accepted  the  position  of  Chief  Chemist  and  Metallurgist 
with  the  Otis  Steel  Co.,  Cleveland,  Ohio. 

Lloyd  B.  Smith,  of  the  Associated  Geological  Engineers,  sailed  on 
Aug.  12  for  Colombia,  where  he  will  be  engaged  in  the  examination  of  oil 
territory  for  a  couple  of  months. 

A.  B.  Emery  has  been  appointed  General  Manager  for  the  Messina 
(Transvaal)  Development  Co.,  Ltd.,  and  has  gone  to  Messina  to  take  charge. 

Francis  Church  Lincoln  has  been  appointed  Professor  of  Mining  and 
Metallurgy  at  the  Mackay  School  of  Mines,  University  of  Nevada,  Reno, 
Nev. 

Herbert  C.  Hoover  is  chairman  of  a  committee  in  London,  England, 
looking  after  the  interests  of  Americans  stranded  in  Europe. 

Percy  A.  Seibert  is  taking  an  extended  vacation  in  France  and  ex- 
pects to  continue  his  holiday  in  the  United  States,  where  his  address  will 
be  Hagerstown,  Md.  ^  I 
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PENNSYLVANIA  ANTHRACITE  SECTION 

Executive  Committee 
R.  V.  NoRRis,  Chairman, 
Charles  F.  Huber,  Vice-Chairman^  W,  J.  Richards,  Vice-Chairman, 
Edwin  Ludlow,  Vice-Chairman,        Arthur  H.  Storrs,  Vice-Chairman. 
Charles  Enzian,  Secretary-Treasurer,  U.  S.  Bureau  of  Mines, 
Wilkes-Barre,  Pa. 
Douglas  Bunting,        Frank  A.  Hill,  Albert  B.  Jessup, 

RuFUS  J.  Foster,  John  M.  Humphrey,     Robert  A.  Quin. 

The  Pennsylvania  Anthracite  Section  held  its  second  regular  meeting 
at  the  Pottsville  Club  House,  Pottsville,  Pa.,  July  25, 1914.  The  meeting 
was  attended  by  more  than  90  members  and  guests. 

Vice-Chairman  W.  J.  Richards  presided.  Following  an  informal 
dinner,  W.  G.  Whildin,  Mining  Superintendent,  Lehigh  Coal  &  Naviga- 
tion Co.,  Lansford,  Pa.,  presented  a  paper  on  Steep  Pitch  Mining  of 
Thick  Coal  Seams,  illustrated  by  numerous  drawings.  This  paper  will 
be  printed  in  the  November  number  of  the  Bulletin.  A  lively  discussion 
followed  the  reading  of  the  paper. 

At  the  conclusion  of  the  discussion,  short  addresses  were  given  by 
Judges  Bechtel,  Koch,  and  Wilhelm,  and  Messrs.  Norris,  Allison,  Lamb, 
Lewis,  Ludlow,  Rhoads,  and  Enzian. 

Vice-Chairman  Ludlow  extended  an  invitation  to  the  Section  to  hold 
its  fall  meeting  at  Lansford,  Pa.,  suggesting  that  a  full-day  session  be 
arranged  for  members  and  guests  to  inspect  the  engineering  features  of 
interest,  especially  the  new  electric  power  plants  and  electrical  installa- 
tions in  and  about  the  mines  at  that  place. 

Charles  Enzian,  Secretary, 
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AFFILIATED  STUDENT  SOCIETIES 

Any  society  of  undergraduates  at  a  technical  school,  comprising  stu- 
dents in  any  branch  of  engineering,  metallurgy,  chemistry,  geology,  etc., 
may  be  recognized  by  the  Board  of  Directors  in  its  discretion  as  an 
Affiliated  Student  Society.  A  circular  giving  details  of  the  plan  of  affilia- 
tion may  be  obtained  on  application  to  the  office  of  the  Secretary  of  the 
Institute. 

The  following  societies  have  been  placed  by  authority  of  the  Board  of 
Directors  on  the  above  list: 

Affujated  Student  Societies 

The  Mining  Society  of  the  Sheffield  Scientific  School,  Yale  University,  New  Haven, 
Conn.    President, ;  Secretary, . 

The  University  of  XUinois  Student  Branch  of  the  American  Institute  of  Mining 
Engineers,  Urbana,  HI.    President,  M.  L.  Nebel;  Secretary,  Willis  Leriche. 

The  Engineering  Society  of  the  University  of  Nevada,  Reno,  Nev.  President,  P. 
E.  Raymond;  Secretary,  R.  M.  Seaton. 

The  University  of  Wisconsin  Mining  Club,  Madison,  Wis.  President,  Rudolph  J. 
Stenjgl;  Secretary,  Mack  C.  Lake. 

Tiie  Mining  and  Geological  Society  of  Lehidh  University,  South  Bethlehem,  Pa.. 
President,  Robert  C.  Mickel;  Secretary,  Edward  B.  Snyder. 

The  School  of  Mines  Society  of  the  University  of  Minnesota,  Minneapolis,  Minn. 
President,  C.  A.  Walker;  Secretary^  A.  C.  Bierman. 

The  Minins  Engineering  Society  of  the  Massachusetts  Institute  of  Technology. 
President,  Ralph  E.  Welb,  Jr.;  Secretary,  Louis  W.  Currier. 

The  Student  Auxiliary  Society  of  the  American  Institute  of  Mining  Engineers  of 
the  University  of  Kansas,  Lawrence,  Kan.  PresiderU,  Walter  E.  Rohrer;  Secretary, 
H.  R.  Brown. 

The  Associated  Miners  of  the  University  of  Idaho,  Moscow,  Idaho.  President, 
Walter  P.  Scott;  Secretary,  Bert  F.  Smith. 

The  State  College  of  Washington  Mining  and  Geological  Society,  Pullman,  Wash. 
President,  John  F.  Foran*  Secretary,  Tliomas  C.  Puckett. 

The  Tejas  Technical  Society,  School  of  Mines.  University  of  Texas,  Austin,  Tex. 
President.  G.  C.  Cartwright;  Secretary,  David  S.  Alley. 

The  Ohio  State  University  Student  Branch  of  the  American  Institute  of  Mining 
Enjcineers,  Columbus,   Ohio.    PresiderU,  Hugh  B.  Lee;  Secretary,  E.  P.  Elliott. 

The  Stanford  Geology  and  Mining  Society,  Stanford  University,  Cal.  PresiderU, 
B.  E.  Parsons;  Secretary,  E.  D.  Nolan. 

The  Senior  Mining  Society  of  Columbia  University,  New  York,  N.  Y.  President, 
;  Secretary, . 

Mining  Association  of  the  University  of  California,  Berkeley,  Cal.  President, 
D.  M.  Drumheller,  Jr.;  Secretary,  J.  B.  Orynski. 

Tufts  College  Chemical  Society,  Tufts  College,  Mass.  President,  F.  D.  Whitte- 
more;  Secretary,  E.  W.  Hays. 

University  of  Washington  Mining  Society,  Seattle,  Wash.  PresiderU,  L.  H.  Cogs- 
well; Secretary,  E.  T.  Godbe. 

Student  Branch  of  the  American  Institute  of  Mining  Engineers,  Iowa  State  College, 
Ames,  Iowa.    PresiderU,  Lyle  A.  Butler;  Secretary.  A.  J.  Crawford. 

Missouri  Mining  Association  of  the  Missouri  School  of  Mines,  Rolla,  Mo.  Presi- 
derUjli.  S.  Copelin:  Secretary,  L.  J.  Boucher. 

The  Pick  and  Shovel  Club  of  the  Ca^e  School  of  Applied  Science,  Cleveland,  Ohio. 
PresiderU,  M.  T.  Whelan;  Secretary,  Lloyd  A.  Collier. 

Colorado  School  of  Mines  Scientific  Society,  Golden,  Colo.  PresiderU,  Alan  Kis- 
sock;  Secretary,  George  Wilfley. 

Mining  Engineering  Society  of  the  University  of  Arizona,  Tucson,  Ariz.  PresiderU, 
J.  Gary  Lindley ;  Secretary,  H.  O.  Coles. 

Kentucky  Mining  Society,  College  of  Mines  and  Metallurgy,  University  of  Ken- 
tucky, Lexington,  Ky.    PresiderU,  Ofiveir  W.  Smith;  decretory,  Charles  E.  Straub. 

Mining  Society  of  Pennsylvania  State  College,  State  College,  Pa.  President, 
Ralph  E.  Kirk;  Secretary,  Willard  M.  Lindsey. 
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LIBRARY 

American  Institute  of  Electrical  Engineers 
American  Society  of  Mechanical  Engineers 
American  Institute  of  Mining  Engineers 
United  Engineering  Society 

William  P.  Cutter,  Librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to 
10  P.M.  on  all  week-days,  except  holidays,  from  September  1  to  June  30, 
and  from  9  a.m.  to  6  p.m.  during  July  and  August.  The  Library  contains 
about  55,000  volumes,  including  sets  of  technical  periodicals  and  the 
publications  of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a 
portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library  can  render  valuable  service  through  correspondence; 
letters  requesting  information  will  receive  special  attention.  The 
Library  is  prepared  to  furnish  references  and  copies  of  articles  on  mining 
and  metallurgical  subjects;  to  determine  the  existence  of  mining-maps, 
and  to  furnish  general  information  as  to  the  geology  and  mineral  resources 
of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  th6  information  will  be  sent  more 
promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining-reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that  mem- 
bers while  in  the  city  will  use  the  Library  freely,  and  assurance  is  given 
that  most  careful  service  will  be  rendered  to  them. 

Library  Accessions 

Partial  List  Classified  by  Subjects 
Mining  and  Metallurgy 

Accidents  prom  Falls  op  Rock  or  Orb.     Miners'  Circular  17,  U.  S.  Bureau  of 
Mines.     Washington,  1914. 

EiSEN  UND  Stahl.     By  A.  Ledebur.     Berlin,  1890. 

EiSEN  HtJTTEN  KiTNDE.     Das  Schmiedeisen.     2  vols.       By  A.  Krauss.    Leipzie, 
1905,  1911. 

Handbook  op  Milling  Details.     Compiled  from  the  Engineering  and  Mining 

Journal  by  the  Editorial  Staff.     New  York,   McGraw-Hill  Book  Co.,   1914. 

Price  14.     (Gift  of  Publishers.) 

[Note. — This  book  is  a  collection  of  articles  that  have  appeared  in  the  Engineering 

and  Mining  Journal  during  the  last  two  or  three  years  under  the  general  head  of 

''Details  of  Metallurgical  Practice,"  a  department  of  the  Journal  that  has  been  appre- 

Digitized  by  VjOOQ  IC 


X  Monthly  Bulletin,  No.  94,  October,  1914 

ciated  hiehly  by  its  readers,  many  of  whom  have  expressed  the  wish  that  a  collection 
in  book  ^rm  be  made,  which  has  now  been  done.  The  character  of  this  book  is  in  all 
respects  the  same  as  "Handbook  of  Mining  Details,"  published  in  1912,  and  it  is 
dimcnlt  therefore  to  add  anything  to  what  was  said  of  its  forerunner.  Among  the 
important  matters  treated  of  in  this  volume  we  should  mention  the  subjects  of  sam- 
pling, crushing  and  grinding,  washing,  separating  and  concentrating,  apparatus  for 
ore  dressing,  metallurgical  plant  equipment,  hydro-metallurgical  processes,  smelt- 
ing, and  remiing.     An  index  completes  the  volume.] 

Iron  Ores  of  Laks  Superior.  Ed.  2.  By  Crowell  &  Murray.  Cleveland,  Penton 
Publishing  Co.,  1914.     (Gift.) 

[Note. — This  useful  compilation,  issued  by  a  firm  of  chemists  and  metallurgists 
in  Cleveland,  now  appears  in  a  second  edition;  revised  and  brought  to  the  end  of  1913 
as  to  its  technical,  statistical  and  commercial  features.  It  is  not  only  valuable  to 
persons  connected  with  the  Lake  Superior  industry,  but  also  interesting  to  the  general 
reader,  desiring  to  gain  a  correct  notion  of  the  nature,  methods,  and  relations  of  that 
industry.  The  principal  features  impressed  upon  the  reader  by  an  examination  of 
it  are:  (1)  the  vast  extent  of  the  Lake  Supmor  iron-ore  deposits,  their  enormous 
product  hitherto,  and  their  still  greater  reserves  for  the  future;  (2)  the  gradual  decline 
m  the  grade  of  the  ore  shipped ;  (3)  the  ^reat  improvements  in  mining,  handling  and 
transportation,  and  in  general  eneineermg  efficiency  which  have  accompanied  this 
change;  and  (4)  the  appearance  and  steady  advance  in  the  commercial  field  of  methods 
of  concentration,  which  will  undoubtedly  maintain  the  profitable  productivity  and 
prolong  the  life  of  the  mines.  These  features  are  clearly  set  forth,  and  compose  a 
picture  of  this  ^at  business  calculated  to  reassure  the  intelli^nt  advocates  of  "con- 
servation,'' while  it  discourages  those  pessimists  and  alarmists  who  are  so  fond  of 
predicting  imminent  ruin. 

Besides  its  general  account  of  the  geology,  mineralogy,  methods  of  mining,  shipping, 
classifying,  sampling,  analysis,  etc.,  the  book  contains  a  catalogue  of  the  mmes  in  each 
range,  givmg  the  location,  description,  ownership,  operating  management,cales  agenc>', 
and  annual  product  of  each  from  the  beginning — ^usually  also  the  average  analysis  of 
the  ores  of  each  class.  There  are  also  original  maps  of  the  ranges;  and  an  index  con- 
taining the  names  of  the  mines  completes  the  value  of  the  work. — R.  W.  R.] 

Recent  Copper  Smelting.  Edited  by  Thomas  T.  Read.  San  Francisco,  Mining 
and  Scientific  Press,  1914.  Price  $2.50.  (Gift  of  Publishers.) 
[Note. — This  volume  is  made  up  of  a  number  of  valuable  papers  on  subjects  which 
are  of  first  importance  in  the  metallurgy  of  copper  at  the  present  time.  It  deserves 
to  be  called  "Recent  Copper  Metallurgy"  ratner  than  "Recent  Copper  Smelting," 
because  it  includes  sections  devoted  to  mechanical  handling,  converter  practice, 
electrolytic  and  other  refining,  leaching,  problems  connected  with  fume  treatment, 
chemistr}^,  salesmanship,  markets,  and  cost  of  production;  besides  discussing  copper 
smelting  in  general,  including  pvritic  smelting,  electric  smelting,  reverberatory  smelt- 
ing, and  smelting  under  special  conditions.  The  articles  which  make  up  this  book 
have,  with  some  exceptions,  appeared  in  the  pages  of  the  Mining  and  Scientific  Press, 
during  the  past  four  years.  Several  papers  presented  before  the  American  Institute 
of  Mining  Engineers  have,  because  of  their  importance,  been  included.  The  volume 
is  far  too  important  and  valuable  to  be  omitted  from  the  shelves  of  any  person  inter- 
ested in  the  metallur^  of  copper.  Even  to  those  who  possess  all  of  the  papers  in 
their  original  form,  this  volume  is  important  because  of  its  admirable  compilation  and 
convenience. — B.  S.] 

Sampling  and  Assay  op  the  Precious  Metals.     By  E.  A.  Smith.    London,  1913. 

Geology  and  Mineral  Production 

Pracjtical  Instrucjtions  in  the  Search  for.  and  the  Determination  of,  the 
Useful  Minerals.  Including  the  Rare  Ores.     By  Alexander  McLeod.     New 
York,  J.  Wiley  &  Sons,  1914.    Price  $1.25.    (Gift  of  Publishers.) 
[Note. — A  pocket  manual  for  prospectors.     The  tests  are  very  simple,  and  the 

apparatus  and  chemicals  are  easily  obtainable. — W.  P.  C] 

Queensland  Mineral  Index  and  Guide.  By  B.  Dunstan.  Publication  241, 
Queensland  Geological  Survey.  Brisbane,  1913.  (Gift  of  Queensland  Geolog- 
ical Survey.) 

Stanley  River  Tin  Field.  Bull.  15,  Tasmania  Geological  Survey,  with  man. 
Tasmania,  1914.     (Gift.)  ^ 
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Non-Metallic  Minerals 

Bald  Hill  Osmiridium  Field.     Bull.  17,  Tasmania  Geological  Survey.    Tasmania 

1914.     (Gift.) 
Coal  Resources  of  Queensland.    Publication  239,  Queensland  Geological  Survey. 

Brisbane,  1913. 
Geoloot  op  the  Phosphate  Deposits  Northeast  of  Georgetown,  Idaho.    Bull. 

577,  U.  S.  Geological  Survev.     Washington,  1914. 
Waste  of  Oil  and  Gas  in  the  Mid-Continent  Fields.     Technical  Paper  45,  U.  S. 

Bureau  of  Mines.    Washington,  1913. 

Chemistry  and  Physics 

Enqineerino  Chemistry.     Ed.  3.    By  H.  J.  Phillips.    London,  1902. 
Principles  of   Chemistry.     Ed.  3,  2   vols.    By   D.  Mendel^ff.    London,  New 
York,  1905 

General 

"The  Ironmonger''  Metal  Market  Year  Book,  1914.    London,  1914. 

Metallbank  und  Metalluroischb  Gesellschaft.  Statistische  Zusammen- 
stellungen  Ober  Blei,  Kupfer,  Zink,  Zinn,  Aluminium,  Nickel,  Quecksilber  und 
Silber.  20  jahrgang  1904-1913.  Frankfurt  am  Main,  1914.  (Gift  of  Metall- 
bank, etc.) 

Mining  Manual  and  Mining  Year  Book,  1914.     By  W.  R.  Skinner.    London,  1914. 

Mining  World  Indbx.     Vol.  5,  1914.     Chicago,  Mining  World  Co.,  1914.     (Gift 
of  Publishers.) 
[Note. — It  is  scarcely  possible,  and  it  is  certainly  not  necessary,  to  sav  anything 

new  about  this  Index,  well  known  as  it  is  already  to  the  j>rofessional  public.     Like 

f>revious  volumes,  this  one  covers  more  than  350  technical  joumab  and  society  pxih- 
ications,  to  sav  nothing  of  many  books  issued  during  the  period.  The  convenient 
arrangement  of  topics,  the  numerous  double  entries  and  cross-references,  and  the  full 
authors'  index»  promote  its  convenient  and  rapid  use.  But  these  and  other  excellent 
features  it  had  before.  The  only  salient  improvement  to  be  observed  in  this  particular 
volume  is  the  use  of  a  somewhat  larger  type  (S-point,  instead  of  6-point),  which  is 
indeed  a  boon,  especially  to  old  eyes — ^and  will  be  appreciated  even  by  young  eyes, 
which  desire  not  to  become  old  before  their  time. 

Everybody  knows  the  value  of  such  an  index  when  one  wishes  to  learn  what  has 
been  reoentiy  said  on  a  given  question,  and  b^  whom,  or  to  be  reminded  where  an  im- 
portant article,  already  perused,  but  lost  to  sight  and  to  memory  vague,  can  be  found 
for  further  studv.  But  apart  from  these  obvious  utilities,  it  is  good  to  turn  the  pages 
and  gain  from  them  some  notion  of  the  wonderful  activity  of  this  generation  in  the 
arts  and  sciences  here  represented;  of  the  multiplication  of  branches  and  of  twigs 
upon  each  branch;  of  the  nost  of  youn^  men  winnmg  recognition  as  investigators  and 
administrators.  And  I  may  be  permitted  to  add  that,  although  this  Index  records 
the  oontributions  to  technical  knowledge  from  all  civilissed  countries,  an  American 
examines  it  with  just  pride  in  the  achievements  of  his  own  countrymen.  Our  schools 
and  societies  are  exhibiting  a  grand  harvest  of  results,  which  we  need  not  fear  to  com- 
pare with  those  of  older  nations  and  institutions. — R.  W.  R.] 

Company  Reports 

Broken  Hill  Proprietary  Co.,  Ltd.    Prospectus,  Iron  and  Steel  Industry.    London, 

n.  d.     (Gift  of  Broken  Hill  Proprietary  Co.) 
MoxTNT  Morgan  Gold  Mining  Co.,  Ltd.    Reports  and  Statements  of  Accounts  for 

the  year  ended  May  31,  1914.     (Gift  of  B.  Magnus.) 

Trade  Catalogues 

Chicago  Pneumatic  Tool  Co.,  Chicago,  111.  Bull.  No.  34-W.  Class  A-0  "Giant" 
Fuel  Oil  Engines.     July,  1914. 

Inoersoll-Rand  Co.,  New  York,  N.  Y. 

Form  No.  3024.     Ingersoll-Rogler    Valves    for    Air    Compressing    Cylinders. 

May,  1914. 
Fo/m  No.  3030.     Ingersoll-Rogler  Class  "ER-1"  Air  Compressors.     May,  1914. 

Step  HENS- Ad  AMSON  Mfg.  Co.,  Aurora,  111.  "  S-A"  Elevating  and  conveying  machin- 
ery.    General  Catalogue. 

Word  Bros.,  San  Francisco,  Cal.     Drill  Sharpener  Book. 
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MEMBERSHIP 

New  Members 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Aug.  10  to  Sept.  10,  1914: 

Members 

Alley,  Harry  McCammon,  Mill  Foreman Churchill  Mining  Co.,  Wonder,*!  Nev. 

Ambler,  J.  Owen,  Met Calumet  and  Arizona  Mining  Co.,  Douglas,  Ariz 

Anderson,  James  Willoughby,  Duell,  Warfield  and  Duell,  2  Rector  St., 

New  York,  N.  Y. 

Antisell,  Frank  L.,  Asst.  Supt Raritan  Copper  Works,  Perth  Amboy,  N.  J. 

Carrinqton,  Frank  Gamble,  Sec'y  and  Asst.  Mgr.,  Standard  Foundry  Co., 

Anniston,  Ala. 
CoNKEY,  Charles  Holland,  Structural  Draftsman,  Bamett  McQueen  Co., 

Ft.  William^  Ont.,  Canada. 
Cook,  Paul  Richardson,  Mill  Shift  Boss,  Buckhom  Mill  and  Cyanide  Plant, 

Buckhom,  Nev. 
Cortese,  Emilio,  Cons.  Engr.,  Societa  Egiziana,  per  Testrazione  ed  il 

commercip,  dei  Fosfate,  Koseir,  via  Keueh,  Egypt. 
Cunningham,  Walter  H.,  Consulting  Engr.,  Cunningham  &  Conner, 

Huntington, W.  Va. 
D|:rn,  George  H.,  Genl.  Mgr.,  Mines  Operating  Co.,  Box  1418, 

Salt  Lake  aty,Utah. 
Elphinstone,  William  Spencer,  Min.  Engr.,  Tata  Iron  &  Steel  Co.,  Ltd., 

Bhelatand  House,  Sijua,  E.  I.  Ry..  India. 
Evans,  Alfred  Winter,  Genl.  Mgr.  and  Consulting  Engr.,  Consolioated  Gold&elds 

of  New  Zealand,  Ltd.,  Reefton,  New  Zealand. 

Fitch,   Cecil,   Supt Chief  Consolidated  Mining  Co.,  Eureka,   Utah. 

Fitch,  Walter,  Jr.,  Asst.  Supt.,  Chief  Consolidated  Mining  Co.,  Eureka,  Utah. 
Ford,  Harold  Percy,  Metallurgical  Experimental  Work,  Box  281, 

Lake  Linden,  Mich. 

Haupt,  Lewis  IL.  Mech.  Engr New  Jersey  Zinc  Co.  of  Penn.,  Palmerton,  Pa. 

Heise,  Henry  C.,  Chem Weedon  Mining  Co.,  Weedon,  P.  Q.,  Canada. 

Heizer,  Ott  Fleming,  Genl.  Mgr.,  Argo  Reduction  &  Ore  Purchasing  Co., 

Idaho  Springs,  Colo. 

HoHNB,  Percy  Edward Instructed  to  hold  all  mail. 

Holt,  Theodore  P.,  Supt Mines  Operating  Co.,  Park  City,  Utah. 

Lewis,  Clinton  R.,  Mm.  Engr.,  Canadian  Klondike  Min.  Co., 

Dawson,  Y.  T.,  Canada. 
MiLWARD,  Miles  S.,  Care  W.  D.  Blackmer,  929  Central  Bldg.,  Los  Angeles,    Cal. 

Parsons,  Arthur  B.,  Mill  Supt Candor  Mines  Co.,  Candor,  N.  C. 

Prouty,  William  F.,  Prof.  Geology Univ.  of  Alabama,  University,  Ala! 

Redd,  Samuel  C,  Engr Detroit  Copper  Mining  Co.,  Morenci,   Ariz. 

Reno,  Charles  A.,  Assayer Pioneer,    Nev! 

RowE,  Jesse  P.,  Prof.  Geology Univ.  of  Montana,  Missoula,  Mont! 

Scott,  Samuel  A.,  Genl.  Mgr New  River  Co.,  Macdonald,  W.  Va! 

Sedivy,  Miles,  Foreman,  Fine  Crushing  Dept., Chino  Copper  Co.,  Hurley,  N.  m! 

Seidel,  Victor  B.,  Min.  Engr.,  Care  IngersoU-Rand  Co.,  11  Broadway, 

New  York,  N.  Y. 
Taylor,  John  C,  District  Mgr.,  Denver  Rock  Drill  Mfg.  Co.,  Houghton,   Mich. 

Thompson,  William  Boyce 14  Wall  Street,  New  York,  N.  Y*! 

Waters,  George  W Casilla  627,  Santiago,    Chile! 

Winther,  Arno  S.,  Mining  Engr.,  . .  Utah  Consolidated  Mining  Co., 

Bingham  Canyon,  Utah. 
WoLPSON,  Tobias,  Vice-Pres.,  United  Metals  Selling  Co.,  42  Broadway, 

New  York,  N.  Y. 
Worrell,  Steve  Howard,  Dean,  School  of  Mines,  State  Univ.,  Fort  Bliss  P.  O 

EL?aso,  Texas. 
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Associate  Members 

Dean,  William  Tucker,  Sales  Mgr General  Electric  Co.,  Chicago,  Dl. 

GooDEiCH,  Charles  Cross,  Pres.,  Pozo  Gilpin  Co.,  and  Millcreek  Gas  Co., 

60  Broadway,  New  York,  N.  Y. 
McBride,  John  William S-11  Post  St.,  Spokane,  Wash. 

Junior  Members 

HoGOBooM,  William  Cortell,  Asst.  GeoL,  Missouri  Bureau  of  Geology 

and  Mines,  Holla,  Mo. 
Marshall,  Holm  an  Thompson,  Vanner  Man Magna  Club,  Garfield,  Utah. 

Change  of  Status — Associate  to  Member 
Marshall,  Emory  M Box  1651,  Globe,  Ariz. 

Candidates  for  Membership 

The  following  persons  have  been  proposed  during  the  period  Aug.  10 
to  Sept.  10,  1914,  for  election  as  members  of  the  Institute.  Their  names 
are  published  for  the  information  of  members  and  associates,  from  whom 
the  Committee  on  Membership  earnestly  invites  confidential  communi- 
cations, favorable  or  unfavorable,  concerning  these  candidates.  A 
sufficient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the 
Committee.  After  the  lapse  of  this  period,  the  Committee  will  recom- 
mend action  by  the  Board  of  Directors,  which  has  the  power  of  final 
election. 

Members 

Louis  Benjamin  Abbott,  Jenkins,  Ey. 

Proposed  by  Howard  N.  Eavenson,  John  G.  Smyth,  Frank  Haas. 

Bom  1877,  Flushing,  L.  I.  1896-1900,  Lehigh  Univ.;  C.  E.  1900,  Gillette- 
Herssog  Bridge  Co.,  Minneapolis,  Minn.  1900-01,  Instructor  in  Civil  Engineering 
at  A.  &  M.  College,  Raleigh,  N.  C.  1901-02,  Transitman,  D.,  L.  &  W.  R.  R.,  Newark, 
N.  J.  1902-03.  Transitman  on  railroad,  preliminary.  1903-05,  Transitman.  Le- 
high Valley  Coal  Co.,  WUkes-Barre,  Pa.  190&-06,  Div.  Engr.,  and  1906-11,  Chief 
Enffr.,  Maryland  Div.,  Consolidation  Coal   Co^Frostburg,  Md. 

Present  position:  1911  to  date,  Chief  Engr.,  Elkhorn  Div.,  Consolidation  Coal  Co. 

Michael  Abramovitch,  Baku,  Russia. 

Proposed  by  Anthony  F.  Lucas,  E.  W.  Parker,  A.  Adiassewich. 

Bom  1884,  Baku,  Caucasus,  Russia.  1900,  Knowledge  at  Baku.  1909,  Imperial 
School  of  Mines  of  St.  Petersburg:  M.  E.  1903,  While  a  student,  pron)ecting for  coal 
on  behalf  of  the  Coast  Mining  Co.,  near  Vladivostok.  1904r-06,  While  a  student, 
geological  research  in  the  oil-bearing  territories  of  the  Apsheron  Peninsula,  on  the 
Caucasus,  and  of  the  Ferghana  district  in  Russian  Central  Asia.  1907,  Hydro- 
geological  investigations  in  Western  Siberia.  1908-09,  Asst.  geological  research  in 
the  oil  fields  of  Balakany.  1910-13,  Geological  research  in  the  oil-bearing  territories 
of  the  Apsheron  Peninsula. 

Present  position:  Geologist,  Geological  Bureau,  the  Bacu-Russian  Petroleum  Co., 
Ltd. 

Joseph  Josiah  Beeson,  Stanford  University,  Cal. 

Proposed  by  D.  A.  Lyon,  E.  H.  Perry,  G.  H.  Clevenger. 

Bom  1890.  Mankato,  Kan.  1911,  Univ.  of  Utah.  1913-14,  Stanford  Univ.  1911, 
Carpenter,  Magna  Plant,  Utah  Copper  Co.  1912,  Mucker,  Highland  Boy  mine, 
Bingham  Canyon;  timberman,  sampler,  Boston  mine,  Utah  Copper  Co.;  Nev.  Mining 
Co.,  Nev.     1913,  Pacific  Mines  Corp.,  Stagg,  Cal. 

Present  position:  Driller  (Chain  Drill),  Utah  Copper  Co.,  Bingham  Canyon. 
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Robert  M.  Betts,  Cornucopia,  Ore. 

Proposed  by  F.  A.  Ross.  L.  K.  Armstrong,  Roy  H.  Clark. 

Bom  1879,  Chicago.  Hi.  1898,  Spokane  High  School.  1900,  Studied  assayinff 
at  Spokane  Business  College.  1904-05,  Studied  with  Gelasio  Caetani,  mill  work  and 
assaying.  1902-04,  Atlas  Mining  Co.,  Buffalo  Hump.  1905-06,  Bunker  HiU  & 
Sullivan  M.  &  C.  Co.,  Kellogg,  Idaho.  1906-08,  Frank  C.  Loring,  Home  life  Bldg., 
Toronto,  Ont. 

Present  position :  1908  to  date,  Mgr.,  Cornucopia  Mines  Co. 

George  S.  Blair,  Blair,  Nev. 

Proposed  by  C.  T.  Griswold,  F.  Crabtree,  L.  L.  Beeken. 

Bom  1888,  Pittsburg,  Pa.  1904-09,  Pittsburg  Central  High  School.  1909-13, 
Carnegie  Institute  of  Technology;  B.  S.in  Mining.  1913,  Yard  boss,  D.  Blair  &  Co. 
1913,  Mucker,  and  1914,  Sampler,  Pittsburg-Silver  Peak  Minin  g  Co. 

Present  position:  Engr.,  Mary  mine,  Pittsburg-Silver  Peak  Mining  Co. 

John  William  Bole,  Port  Jones,  Siskiyou  Co.,  Cal. 

Proposed  by  John  J.  Hamlyn,  Newton  Cleaveland,  E.  B.  Kimball. 

Bom  1865,  California.  1899-1905,  Studied  engineering  under  L.  J.  Hohl,  C.  E. 
1900-01,  Secy,  and  Asst.  Mgr.,  Cherokee  Hydraulic.  1902-05,  Supt.,  Cherokee 
Gold  Dredging  Co.  1906-09,  District  Mgr.,  Feather  River  Development  Co.  and 
Natomas  Consolidated. 

Present  position:  1910  to  date,  Supt.,  Siskiyou  Dredging  Co. 

Walker  T.  Boudwin,  Salt  Lake  City,  Utah. 

Proposed  by  W.  G.  Swart,  Ernest  Gayford,  J.  M.  Callow. 

Bom  1888,  Philadelphia,  Pa.  To  1903,  Common  School.  1903-05,  Spring 
Garden  Institute,  Philadelphia,  Pa.  1905-10,  Scranton  Correspondence  Course. 
1905-09,  Draftsman;  1909-11,  Chieef  Draftsman;  1911-14,  Constructing  Eng., 
General  Engineering  Co.,  Salt  Lake  City,  Utah,  designing  and  constructing  met^- 
lurgdcal  plants. 

Present  position:  Constructing  Engineer. 

Linn  Bradley,  New  York,  N.  Y. 

Proposed  by  F.  G.  Lasier,  Robert  H.  Bradford,  C.  W.  Merrill. 

Bom  1880,  Burlington,  Iowa.  1904,  Univ.  of  Minn.;  Ph.  C.  1904-12,  Chemical 
and  engineering  work. 

Present  position:  1912  to  date.  Engr.,  Research  Corpn.,  engaged  in  suppressing 
and  collecting  fumes  at  smelters,  renneries,  etc.,  by  the  CottreU  processes. 

Albert  Dudley  Brokaw,  Chicago,  HI. 

Proposed  by  W.  H.  Emmons,  H.  Foster  Bain.  John  W.  Finch. 

Bom  1880,  Granville,  Dl.  1908,  Univ.  of  Chicago;  S.  B.  1913,  Univ.  of  Chicago; 
Ph.  D.  1910,  Summer.  U.  S.  Geological  Survey.  1910-11,  Two  3-month  seasons  un- 
der direction  L.  D.  Ricketts.  1912-14,  Instructor  in  Mineralogy  and  Economic 
Geologv,  Univ.  of  Chicago.  1914,  Asst.  Prof.  ibid.  1914,  Field  season  for  Nevada 
Central  Copper  Co. 

Present  position:  Asst.  Prof.,  Univ.  of  Chicago. 

George  Grant  Bvwater,  Salt  Lake  City,  Utah. 

Proposed  by  Robert  H.  Bradford,  D.  A.  Lyon,  G.  H.  Clevenger. 

Bom  1886.  Logan,  Utah.  1903-05,  Univ.  of  Utah  Prep.  School.  1905-09,  Univ. 
of  Utah;  B.  S.  1911,  Grad.  work  in  geology.  1909,  Draftsman,  Westem  Pacific 
R.  R.,  Salt  Lake  Div.  1909-10,  Draftsman  and  surveyman  for  the  Newhouse  Realty 
Co.,  Salt  Lake  City.  1910-11,  Asst.  Supt.,  Nephi  Plaster  &  Mfg.  Co.,  Nephi,  Utah; 
Surveyman  for  A.  A.  Miller,  Eureka^  Utah.  1911,  Univ.  of  Utah.  1911-13,  Straw- 
berry Reclamation  Project;  taught  High  School,  Mt.  Pleasant,  Utah. 

Present  position :  Engr.,  Rocky  Mt.  Copper  Co. 

Edwin  Leon  Carpenter,  Black  Hawk,  Utah. 

Proposed  by  G.  W.  Riter,  R.  S.  Lewis,  Leonard  Wilson,  L.  D.  Ricketts. 

Bom  1889,  Pueblo,  Colo.  1911,  Sheffield  Scientific  School,  Yale  Univ.;  Ph.  B. 
1911-12,  Mch.  Man,  Alaska  Treadwell  Gold  Min.  Co.,  Treadwell,  Alaska.  1912, 
Mammoth  Copper  Min.  Co.,  Kennett,  Cal.  1912-13,  Consolidated  Fuel  Co.,  Salt 
Lake  City. 

Present  position:  1913  to  date,  Supt.,  Black  Hawk  Coal  Co. 
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James  Riehardson  Carpenter,  Black  Hawk,  Utah. 

Proposed  by  G.  W.  Riter,  R.  S.  Lewis,  Leonard  Wilson,  L.  D.  Ricketts. 

Bom  1885,  Winter  Quarters,  Utah.  1894-1901,  Salt  Lake  City  Public  Schools. 
1901-02,  Salt  Lake  City  High  School.  1902-03,  Univ.  of  Utah  Prep.  School.  1903-04, 
New  York  High  School  and  Tutor.  1904r^,  Yale  Univ.;  Ph.B.  1910-11,  Mass. 
Institute  of  Tech.     1905-07,  Stag  Cafion  Fuel  Co.,  Dawson,  N.  M.,  inside  surveying, 

S3wer  house  installation,  general  mine  work.  1908,  Drafting  ana  designing,  J.  C. 
uckbee  Co.,  Consulting  l&igrs.,  Chicago.  1909,  Stag  Cafion  Fuel  Co^  Cons.  En^., 
building  and  designing  mine  structures  of  all  kinds.  1911,  Mammoth  Copper  Minmg 
Co.,  Kennett,  CsQ.,  Cons.  Engr.,  at  smelters,  various  work  in  electrical,  mechanical 
and  civil  engineering^  experience  with  bag  house  operation.  1912,  U.  S.  Smelting  Co., 
Salt  Lake  City,  makmg  reports,  designing,  visiting  all  mines  and  smelters  in  Utah  of 
this  company  to  take  care  of  their  enjopneering  works. 

Present  position:  1912  to  date.  Chief  Engr.,  Consolidated  Fuel  and  allied  com- 
panies. 

Paul  Hamilton  Carpenter,  Lark,  Utah. 
Proposed  by  Alfred  Frank,  Ernest  Ga}rford,  D.  MacVichie. 
Bom  1886,  New  Castle,  Pa.     1904r-05.  Pa.  State  CoUege,  State  College,  Pa. 
1906-10,  Colo.  School  of  Mines,  Golden,  Colo.;  E.  M.     New  Castle  and  Sharon,  Pa., 

?ublic  schools  and  high  school.  1902-04,  National  MaUeable  Castings  Co.,  Sharon, 
a.  190^-09,  Portland  Gold  Mining  Co.,  Victor,  Colo.  1908,  Strong  Gold  Mining 
Co.,  Victor,  Colo.  1911^  Assayer,  ^logul  Mming  Co.,  Pluma,  S.  D.  191.1-13,  Step- 
toe  Valley  Smelting  &  Mming  Co.,  McGill,  Nev. 

Present  position:  1913  to  date.  Draftsman,  Ohio  Copper  Co. 

Joseph  A.  Carson.  Milwaukee,  Wis. 

Proposed  by  G.  T.  Hansen,  J.  W.  McKim,  E.  M.  Dunn. 

Bom  1887,  Church  HUl,  Md.     1911,  S.  S.  S..  Yale  Univ.,  Mining. 

Present  position:  1911  to  date,  Allis-Chalmers  Mfg.  Co.     Now  in  Mining  Dept. 

William  W.  Clark,  Seymour,  Conn. 

Proposed  by  Arthur  Howe  Carpenter,  F.  Crabtree,  Samuel  A.  Taylor. 
Bom  1879,  Pennsylvania.     1908-14,  Chief  Chemist  and  Metallurgist. 
Present  position:  Met.,  Seymour  Mfg.  Co. 

Alexander  Fielder  Clarke,  McKeesport,  Pa. 

Proposed  by  Fred  Crabtree,  William  A.  Cornelius,  A.  R.  Ledoux. 

Bom  1884,  Boston,  Mass.  1907,  Lawrence  Scientific  School,  with  special  courses 
in  Chemistry  and  Metallurgy.  1908,  Laboratory  experience  and  research  at  Firth 
Sterling  Steel  Co.,  McKeesport,  Pa.  1909,  Practical  metalliurgical  experience  at  Thos. 
Firth  &  Sons  Steel  Works,  Sheffield,  Endiand.     Special  course  at  Sheffield  Univ. 

Present  position:  1910  to  date,  Works  Mgr.,  Firth  Sterling  Steel  Co. 

Clinton  Hoadley  Crane,  New  York,  N.  Y. 

Proposed  by  J.  R.  Finlay,  H.  P.  Henderson,  Richard  H.  Vail. 

Bom  1873,  Englewood,  N.  J.  1894,  Harvard;  A.  B.  Glajsgow  Univ.,  Department 
Naval  Architecture.  Columbia  School  Mines,  one  year  Engineering  Courses.  1894- 
96,  Wm.  Cramp  Ship  &  Engine  BIdg.  Co.  Partner  Tams,  Lemome  &  Crane  imtil 
Jan.  1,  1914. 

Present  position:  1913  to  date,  Pres.,  St.  Joseph  Lead  Co. 

John  F.  Cregan,  Embreeville,  Tenn. 

Proposed  by  Knox  Taylor,  Adolphe  E.  Borie,  W.  S.  Stothoff. 

Bom  1878,  Schenectady,  N.  Y.  1896—1900.  Princeton  Univ.;  B.  S.  1900-11, 
New  Jersey  Zinc  Co.     1911-13,  Ozark  Smelting  &  Min.  Co. 

Present  position:  1913  to  date,  Supt.,  Tennessee  Zinc  &  Lead  Co.;  Genl.  Supt., 
Embree  Iron  Co. 

Burton  Leigh  Cunningham,  Palo  Alto,  Cal. 

Proposed  by  Joseph  A.  Taff,  Lee  Hager,  E.  T.  Dumble. 

Bom  1876,  Leavenworth,  Kan.  1904-08,  Oregon  Agricultural  College,  Min. 
School;  B.  S.  1908-09,  Post-graduate  work  at  Colorado  School  of  Mines,  Golden, 
Colo. 

Present  position  1910  to  date,  Asst.  Geologist,  Southern  Pacific  Co. 
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Fred  B.  Ely,  Superior,  Ariz. 

Proposed  by  Henry  Krumb,  G.  B.  Wilson,  Ernest  Gayford. 

Born  1880,  Hoosick  Falk^.  Y.  1904,  Harvard  Univ.;  S.  B.  in  Mining.  1905. 
Chemist,  So.  Chicago  Steel  Wks.;  Engineer  of  Tests,  Rock  Island,  R.  R.  1906-07, 
Engrg.,  Hermiosa  Copper  Co.,  N.  M.  1908-10,  Energ.,  Arizona  Copper  Co.  1910- 
Engrg.,  Chino  Copper  Co.     1911-12.  Met.,  (9)  months,  Ohio  Copper  Co. 

Present  position:  1912  to  date.  Field  Engrg.,  Gunn-Thompson  Co. 

Cadwallader  Evans,  Jr.,  Stellarton,  N.  S.,  Canada. 

Proposed  by  Howard  Eckfeldt,  Thomas  T.  Read,  George  G.  Crawford. 

Bom  1880,  Pittsburg,  Pa.  Public  and  high  schools,  Pittsbuig.  1896,  Prepared 
for  entrance  to  college  by  Rev.  A.  D.  Hefiferr.  1897-1901,  Lehigh  Univ. ;  M.E.  1902, 
Oliver  Iron  &  Steel  Co.,  Pittsburg,  Pa.,  as  "Trouble  Hunter"  and  as  foreman  of  forge 
shop.  1903-05,  Blaine  Coal  Co.,  Inspector  of  construction  and  later  Supt.  of  Blaine 
Mine,  Elizabeth,  Pa.  1906-07,  Genl.  Mgr.,  Pittsburg  Surmine  Gold  Dredging  Co., 
operating  a  dredge  in  Dutch  Guiana.  1908-11,  Estate  of  Henry  W.  Oluri,  Pittsburg, 
A^st.  and  later  Supt.  of  Central  Power  Plant. 

Present  position :  1911  to  date,  Genl.  Mgr.,  Acadia  Coal  Co.,  Ltd. 

George  Douglass  Evans,  Pottsville,  Pa. 

Proposed  by  E.  C.  Luther,  A.  W.  Sheafer,  Eli  T.  Conner. 

Bom  1869,  Pottsville,  Pa.  1888,  Grad.  Pottsville  High  School.  188&-89,  Chain- 
man,  Girard  Estate.  1889-1903,  Transitman,  Phila.  &  Reading  Coal  &  Iron  Ck). 
1903-04,  Asst.  Chief  Engr.,  Westmoreland  Coal  Co.  1904-06,  Engr.,  in  charge  of 
strippings  P.  &  R.  C.  &  I.  Co.  1906-08,  Supt.,  New  River  Collieries  Co.  1908-11, 
Enpp.  and  Supt.,  E.  E.  White  Coal  Co. 

Present  position:  1911  to  date,  general  contracting  business. 

Samuel  Evans,  Johannesburg,  So.  Africa. 

Proposed  by  W.  L.  Honnold,  Palmer  Carter,  Thomas  T.  Read. 

Bom  1869,  Wrexham,  North  Wales.  Wrexham  British  School.  1879-82,  Jour- 
nalist. 1883-86,  Private  Secy,  to  Sir  Edgar  Vincent^  Financial  Adviser  to  the  Egyp- 
tian Government.  1887-88,  Chief  Controller,  Egyptian  Coast  Guard  Service.  1889- 
91,  Inspector  General,  Imperial  Ottoman  Bank,  Turkey.  1892^95,  Mgr.,  Turkish 
Tobacco  Regie.  1896-98,  Represented  Sir  Edgar  Vincent  on  the  Witwatersrand. 
1898-1902,  in  the  employ  of  H.  Eckstein,  Ltd.,  Johannesburg.  1902-^,  partner  in 
the  firm  of  H.  Eckstem,  Ltd. 

.Present  position:  1909  to  date.  Chairman  and  Managing  Director,  Crown  Mines, 
Ltd.;  Chairman  of  the  Council  of  the  South  African  School  of  Mines  and  Technology. 

Andre  Formis,  Iron  River,  Mich. 

Proposed  by  Felix  A.  Vogel,  A.  M.  Tweedy,  Elmer  F.  Brown. 

Bom  1878,  Stuttgart,  Germany.  1899,  B.  S.,  and  1900,  E.  M.,  Michigan  College 
of  Mines.  1900-07,  Chief  Engr^  Marquette  Range,  Oliver  Iron  Mining  Co.,  Ish- 
peming,  Mich.     1907-13,  Supt.,  Ojibway  Mining  Co.,  Ojibway,  Mich. 

Present  position:  Supt.,  Bates  iron  Co. 

Albert  E.  Gartside,  Salt  Lake  City,  Utah. 
Proposed  by  D.  A.  Lyon,  E.  H.  Perry,  G.  H.  Clevenger. 

Bom  1890,  Davenport,  Iowa.  *  1913,  B.  S.,  Univ.  of  Okla.  1914,  M.S.  in  Metal- 
lurgy, Univ.  of  Utah. 

Present  position:  1913  to  date.  Student,  Dept.  of  Met.  Research,  Univ.  of  Utah. 

William  Frederick  Gelger,  Morenci,  Ariz. 

Proposed  by  L.  D.  Ricketts,  David  Cole,  Julius  Bergman. 

Bom  1885,  Troy,  N.  Y.  1909,  Grad.,  Rensselaer  Polytechnic  Institute,  Troy, 
N.  Y. ;  C.  E.  1909-10,  Rensselaer  Polytechnic  Institute.  1910-14,  Cananea  Consoli- 
dated Copper  Co.,  Cananea,  Mexico;  metallurgical  accounting,  experimental  work  and 
practical  operating  in  various  departments  of  smelter. 

Present  position:  Experimental  work  at  Detroit  Copper  Mining  Co.*s  smelter, 
Morenci,  Ariz. 

Robert  Judson  Goodwin,  Salt  Lake  City,  Utah. 

Proposed  by  D.  C.  Jackling,  C.  W.  Whitley,  R.  C.  Gemmell. 

Bom  1888,  Lisbon,  N.  D.  1910.  Grad.,  Utah  State  School  of  Mines.  1911,  Ten 
months,  Ray  Con.  Copper  Co.,  in  Engineering  Dept.  1911-12,  Four  months,  Gold 
Springs  Mining  &  Milhng  Co.,  Gold  Springs,  Utah,  as  Chemist.  1912,  Post-graduate 
course  at  Utah  State  School  of  Mines.  Held  School  of  Mines  fellowship.  Degree  of 
M.  S.  in  Metallurgy.     1913,  Mines  Operating  Co.,  Park  City,  Utah. 

Present  position:  Experimental  metallurgist  at  Arthur  Plant  of  Utah  Copper  Co 
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Staart  Hazlewood,  Saa  Francisco,  Cal. 

Proposed  by  Alfred  Frank,  R.  J.  Glendinning.  C.  H.  Jones. 

Bom  1880,  Grand  Rapids,  Mich.  1899,  Grad.,  Grand  Rapids  High  School.  1903, 
Grad.,  Cornell  Univ.,  Mech.  Engr.  1900,  Draftsman,  Jenks  Shipbuilding  Co^  Port 
Huron,  Mich.  1901,  U.  S.  Army  Engineer's  Inspector  on  concrete,  Buffalo  Break- 
water.    1903-06j  Asst.  Engr.,  and  1906-13,  Sales  Engr.,  Midvale  Steel  Co. 

Present  position:  Pacific  Coast  Rep.,  Midvale  Steel  Co.,  Philadelphia,  Pa. 

Richard  R.  Hice,  Beaver,  Pa. 

Proposed  by  E.  W.  Parker,  David  T.  Day,  H.  A.  Wheeler,  H.  A.  Buehler. 

Bom  1865.  Beaver,  Pa.  1886,  Grad.,  Geneva  College:  B.  S^'  Sc.  D.  1886-89, 
Bridgewater  Gas  Co.,  field  work.  1890-1910,  Fallston  Fire  Clay  Co^  general  charge 
mining  and  manufacturing.  1904-10,  Member  Topographic  and  G^logic  Survey 
Commission  of  Pennsylvania. 

Present  position:  1911  to  date,  State  Geologist  of  Pennsylvania. 

Albert  John  Jones,  Torres,  Sononu  Mexico. 

Proposed  by  Robert  Linton,  R.  M.  Atwater,  Jr.,  Rene  dp  Sallier  du  Pin. 

Bom  1885,  Emporia,  Kan.  1891-97,  Public  Schools  at  Emporia,  Kan.  1897- 
1900.  Normal  School  at  Emporia.  1906-08,  Texas  Univ.,  entered  as  special  student 
in  Min.  Engrg.     1904,  Asst.  Assayer,  Torreon  Sampling  Works,  Chihuahua,  Mexico. 

1905,  Assayer,  Guaynopita  Copper  Co.,  Greene  Gold  &  Silver  Co.,  Chihuahua,  Mexico. 

1906,  Assayer,  Greenley  &  Crawford,  Portland,  Ore.  1909-10,  Asst.  Engr.,  Cande- 
laria  Mining  Co.,  San  Pedro,  Chihuahua,  Mexico.  1910-12,  Assayer  and  Asst.  on 
Examination  Work,  Sierra  Mining  Co.,  Ocampo,  Chih.,  Mexico.  1912,  Chemist, 
Cananea  Consolidated  Copper  Co. 

Present  position:  Sampler  and  Examining  Engr.,  Creston  Colorado  Co. 

James  EUwood  Jones,  Switchback,  W.  Va. 

Proposed  by  William  D.  Ch-d,  John  J.  Lincoln,  Thomas  H.  Clagett,  Howard  N. 
Eavenson. 

Born  1872,  Trevarton,  Pa.     1895,  Columbia  College,  New  York;  M.  E. 

Present  position:  1898  to  date.  Mining  engineering  and  General  Mgr.  of  Roffe  C. 
&  C.  Co.:  Norfolk  C.  &  C.  Co.;  Pocohontas  Consolidated  Co.;  Pocohontas  Consoli- 
dated Collieries  Co.  of  Virginia  and  West  Virginia. 

Knights  Starr  Jordan,  Provo,  Utah. 
Proposed  by  D.  A.  Lyon,  E.  H.  Perry,  G.  H.  Clevenger. 

Bom  1888,  Bloomington,  Ind.  1911,  A.  B.,  Mining  and  Metallurgy,  Stanford 
Univ.  ... 

Present  position:  Mgr.,  Knight-Christensen  Metallurgical  Co. 

Glenn  A.  Keep,  Park  City,  Utah. 

Proposed  by  J.  H.  Winwood,  David  Lemmon,  Ernest  Gayford. 
Bom  1886,  Rodney,  Mich.     1910,  Utah  State  School  of  Mines;  B.  S.,  and  1912, 
M.  S.     1910hll,  Engr.,  Scranton  Mining  &  Smelting  Co. 

Present  position :  1912  to  date.  Mill  Foreman,  Mines  Operating  Co. 

David  J.  KeUy,  Salt  Lake  City.  Utah. 

Proposed  by  J.  A.  McCaakell,  A.  K.  Tiernan,  John  Van  N.  Dorr. 

Bom  1878,  Salt  Lake  City.  1895,  Grad.,  Salt  Lake  High  School.  1896-98,  Univ. 
of  Utah.  1899-1900,  Amer.  Smelting  &  Refining  Co^  Salt  Lake.  1900-01,  Horse- 
shoe G.  M.  Co.,  Fay,  Nev.  1901-02,  Sunshine  G.  M.  Co.,  Sunshine,  Utah.  1902-03, 
Dexton  Mining  Co.,  Tuscarora,  Nev.     1903-04,  Carinzal  G.  M.  Co.,  Michoacan,  Mex. 

Present  position:  Western  Ore  Sep.  Co.;  Director  and  Mgr.,  Kelly  Filter  Press  Co. 

Thomas  M.  Kekich,  Spassky  Zavod,  Siberia. 

Proposed  by  Carr  B.  Neel,  Charles  V.  Drew,  Thomas  T.  Read. 

Bom .     1904,  Tapper  at  Boston  &  Montana  Smelter,   Great  Falls,   Mont. 

1905-08,  General  Smelter  Foreman,  Cerro  de  Pasco  Mining  Co.,  Pern,  South  America. 
1909-12,  General  Smelter  Foreman,  Teziutlan  Smelting  Co.,  Teziutlan,-  Mexico. 
1913,  AflBt.  Supt.j  Great  Western  Smelting  &  Refining  Co.,  Chicago,  HI. 

Present  position:  General  Smelter  Foreman,  Spassky  Smelter,  Spassky  Copper 
Mines  Co. 
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Herbert  D.  Kynor,  Lansford^s. 

Proposed  by  Edwin  Ludlow,  H.  M.  CrankshaWjW.  G.  Whildin. 

Bom  1887,  Stockton,  Pa.  1905,  Pottsville  High  School.  1906,  Mercersburg 
Academy.  1910.  Lehigh  Univ.;  E.  M.  1910-11,  Eng.  Dept.,  Lehigh  Coal  &  Navi- 
gation Co.,  Lansford,  Pa.  1911-12,  Supt.,  Penn.  Tunnel  Co.,  Lykens,  Pa.  1912-13. 
Asst.  Div.  Enp-.,  Lehigh  Valley  Coal  Co.,  Mahanoy  City,  Pa.  1913,  Chief  Coal 
Inspector,  Lehigh  Coal  &  Navigation  Co. 

Present  position:  Asst.  Dist.  Supt.,  Lehigh  Coal  &  Navigation  Co. 

Clarence  Leo  Larson,  Waseca,  Minn. 

Projwsed  by  D.  A.  Lyon,  E.  H.  Perry,  G.  H.  Clevenger. 

Born  1889,  Waseca,  Minn.  1902-06,  Waseca  High  School.  1906-10,  School  of 
Mines,  Univ.  of  Minn.;  E.  M.  1910,  C.  E.  Van  Bameveld.  1910^11,  C.  &  A.  Min. 
Co.,  Bisbee,  Ariz.  1911,  Instructor,  Polytechnic  College,  Nanking,  Cmna.  1912-13, 
Engr.  and  Mine  Supt.,  Chiksan  Mines,  Korea.  1914,  Instructor  Metallurgy,  Univ. 
of  Idaho. 

Present  position:  Met.  Research  Fellow,  Univ.  of  Utah. 

Alexander  Grant  MacGregor,  Globe,  Ariz. 

Proposed  by  L.  D.  Ricketts,  U.  H.  Camahan,  L.  O.  Howard. 

Bom  1880,  Kansas.  1902,  Univ.  of  Mont.;  B.  S.  in  Min.  Engrg.  1902-05, 
Power  plant  draftsman  and  Asst.  Supt.  of  Power  Plants,  Anaconda  Copper  Mining 
Co.,  Anaconda.  Mont.  1905-06,  Testing  Engrg.  1906-08,  Designing  and  erecting 
engr.,  high  voltage  transmission  mine,  mstalling  electrical  and  heavy  machinery; 
engr.  in  charge  hydro-electric  station.  1909-10,  International  Smelting  &  Refining 
Co.,  Mech.-and  Elec.  Engr.,  design  and  construction  Tooele  smelting  plant.  1911-13, 
Calumet  &  Arizona  Mining  Co.  and  Arizona  Copper  Co.,  designing  smeltingplants. 

Present  position:  Designing  smelting  plant  tor  International  Smelting  Co. 

Charles  Leo  Miller,  Charleston,  W.  Va. 

Proposed  by  C.  E.  Krebs,  G.  S.  Borden,  J.  M.  Clark,  Howard  N.  Eavenson. 

Bom  1880,  Mechanicsburg,  Ind.  1894-97,  High  School,  Middletown,  Ind. 
1899-1903,  Purdue  Univ. ;  B.  S.  1903-08,  Jeffrey  Mfg.  Co.,  Columbus,  Ohio.  190^ 
11,  Engr.  and  Contractor,  Ft.  Smith,  Ark.     1911-13,  Jeffrey  Mfg.  Co.,  Columbus,  O. 

Present  position:  1913  to  date,  Webster  Mfg.  Co.,  Tiffin,  O.,  acting  as  Branch 
Sales  Mgr.  and  Contracting  Engineer  of  Mine  Equipment. 

Albert  Frederick  Mlzner,  Hillgrove,  N.  S.  W.,  Australia. 

Proposed  by  George  Smith.  George  A.  Laird,  Richard  H.  Vail. 

Bom  1871,  Melbourne,  Victoria.  1883-88,  Hamilton  College,  Victoria.  1889- 
90,  Apprentice  to  the  late  Cosmo  Newberry,  C.  M.  G.,  Government  Chemist 
Victoria.  1890-94,  Melbourne  Univ.,  grad.  in  Metallurgy.  1894-96,  Gaining, 
practical  mining  experience  in  Victoria  and  Western  Australia.  1896-98,  Met., 
Homeward  Bound  Gold  Mining  Co.,  Yaleval,  N.  S.  W.  1898-1904,  Genl.  Mgr., 
Homeward  Bound  G.  M.  Co.,  Yaleval.  1906-06,  Inspecting  and  reporting,  Queens- 
land and  Tasmania.  1906,  Mgr  ,  Sunlight  G.  M.  Co.,  Hillgrove,  N.  8.  W.  1906-08, 
Genl.  Mgr.,  Pioneer  Gold  Mines,  Bright,  Victoria.  1909-12,  Genl.  Mgr.,  Puponga 
Coal  &  Gold  Mining  Co.,  New  Zealand. 

Present  position:  Supt.,  Eleanor  Gold  Mines,  Ltd. 

Harry  J.  Morgan,  Salt  Lake  City.  Utah. 

Proposed  by  D.  A.  Lyon,  E.  H.  Perry,  G.  H.  Clevenger. 

Born  1891,  Sacramento,  Cal.  1914,  Stanford  Univ.  1914-15,  Fellow,  Utah 
School  of  Mines.  1911,  Desert  Mill  &  Power  Co.,  Tonopah,  Nev.  1912,  Round  Mt. 
Min.  Co.,  Nev. 

Present  position :  Fellow,  Utah  State  School  of  Mines. 

William  Edward  Newman,  Collinsville,  111. 

Proposed  by  Herman  Garlichs,  J.  A.  Caselton,  E.  E.  Diffenbach. 

Born  1871,  Longmont,  Colo.  1891,  Grad.,  East  Denver  High  School.  1896, 
Grad..  Colorado  School  of  Mines;  B.  S.  1896-97,  Asst.  Assayer,  Guggenheim  Smelting 
Co.,  Aguascalientes  Plant,  Mexico.  1897-99,  Chief  Assayer  same  as  above.  1899- 
1906,  Chief  Chemist,  Omaha  Plant,  Amer.  Smelt.  &  Ref .  Co.  1906-08,  Supt.,  Mate- 
huala  Plant,  San  Luis  Potosi,  Mex.,  National  Metallurgical  Co.  1908-14,  Supt., 
Omaha  Plant,  Amer.  Smelt.  &  Ref.  Co. 

Present  position:  Supt.,  St.  Louis  Smelting  &  Refining  Co. 


Digitized  by 


Google 


American  Institute  of  Mining  Engineers  xix 

Ralph  Clarke  NowUnd*  Salt  Lake  Citv,  Utah. 

Proposed  by  J.  A.  McCaskeU,  Henry  Krumb,  R.  C.  Gemmell. 

Bom  1877,  Kansas  City,  Mo.  1896,  Assayer,  Little  Johnny  Mine,  Leadville,"Colo. 
1897,  CJolo.  School  of  Mines.  1902.  Grad.,  Univ.  of  Mich.  1903,  With  F.  W.  Jaycox, 
Ex.  State  Engr.  CJolo.  190M)6,  Assayer  and  Surveyor  for  S.  W.  Mudd.  J906--06, 
Asst.  to  Henry  Krumb  and  Pope  Yeatman.  1907-08,  Field  Engr.,  Tonopah  Min.  Co. 
1908-12,  Engr.,  Ray  Con.  Copper  Co. 

Present  position:  1912  to  date,  Field  Engineer  for  D.  C.  Jackling. 

Emil  Nyberg,  Duluth,  Minn. 

Proposed  by  G.  W.  Schneider,  C.  L,  Colbum,  F,  H.  Bostwick. 
Bom  1866,  Sweden.     1886-1911,  Miner,  Mine  Foreman  and  Mine  Supt.  in  the 
iron  and  copper  mines  of  Mich. 

Present  position:  1911  to  date,  Genl.  Mgr.,  Duluth  Huso  Copper  Mines  Co. 

Malcolm  Lindsay  O'Neale,  Coal  City,  Ala. 

Proposed  by  Robert  Peele,  O.  F.  Pattberg,  F.  T.  Rubridge. 

Bom  1886,  Knoxville,  Tenn.  1891-1902,  Grammar  school,  Chattanooga,  Tenn. 
and  Elizabeth,  N.  J.  1902-06,  De Witt  Clinton  High  School,  New  York  City.  Studied 
Latin,  German,  French  and  Spamsh  in  addition  to  the  fundamentals  necessary  for 
entrance  to  a  school  of  science.  1906-10,  Min.  Engrg.,  Columbia  Univ.,  New  York 
City;  E.  M.  Elected  to  Tau  Beta  Psi  in  Junior  year  and  Sigma  Chi  in  senior  year. 
1907-08,  Asst.  Concrete  Inspector.  6th  Ave.  Div..  Hudson  Company's  North  Kiver 
Tunnels.  1910,  Draftsman,  Hardmge  Conical  Mill  Co.,  New  York  City.  1910-11, 
Engr.,  St.  Lawrence  INrite  Co.,  DeKalb  Junction,  N.  Y. 

Present  position:  Supt.,  Seaboard  Coal  &  Coke  Co.  and  its  successor,  Coal  City 
Mining  Corpn. 

Clarence  Bristol  Osborne,  Sacramento,  Cal. 

Proposed  by  Ralph  Arnold,  R.  A.  Perez,  Robert  B.  Moran. 

Bom  1881,  Bodie,  CaJ.  1900-0  L  Student  at  Assaying  in  office  Richard  Perez. 
1901-04,  Assayer,  Doreleska  Mine,  Union  Con.  Gold  Mines  Cq.,  Trinity  Co.,  Cal. 
1904-06,  Transitman  six  months  Chictot  Party  for  City  Engineer,  Los  Angeles,  Cal.; 
for  one  year  under  civil  service.  1909,  Grad.,  Mining  and  Geolog^r,  Stanford  Univ.; 
A.  B.  190^12,  Testing  Engr...  Bureau  of  Tests  and  Inspection,  Los  Angeles,  Cal. 
During  part  of  time  employed  by  Ralph  Arnold  in  field  geology,  surveying  m  Califor- 
nia, Arizona  and  Cuba. 

Present  position:  1912  to  date,  Chief  Geologist,  California  Highway  Commission. 

Tames  Harvey  Payne,  Baltimore,  Md. 

Proposed  by  S.  A.  C.  Smith,  Lawrence  Addicks,  Willard  S.  Morse. 

Bom  1881,  Monroe,  N.  C.  1905,  S.  B.,  Mass.  Inst,  of  Technolo^.  1905-07, 
Asst.  Supt.,  Gaslight  Paper  Dept.,  Eajstman  kodak  Co.,  Rochester,  N.  Y.  1907-08, 
Asst.  Chemist,  Texas  Portland  Cement  Co.,  Dallas,  Tex.,  and  Virginia  P.  C.  Co. 
1908-11,  Chemist,  Maryland  P.  C.  Co.  and  Jamestown  P.  C.  Co.,  Yorktown,  Va. 
1911-14,  Chemist,  Yorktown  Chemical  Works.  Consulting  work,  Mathieson  Al- 
kali Wks.,  U.  S.  Metals  Refining  Co.,  West  Virginia  Paper  Co.,  Braden  Copper  Co. 
and  othera. 

Present  position:  1911  to  date.  Consulting  work,  specializing  in  rotary  furnace 
practice. 

Thomas  Clifford  Peddar,  Gatico,  Chile. 

Proposed  by  William  Braden,  George  E.  Montandon,  T.  M.  Hamilton. 

Bom  1878,  Harleston,  Suffolk,  England.  1893,  Ipswich  School,  technical.  1893- 
96,  Served  articles  with  William  Reddalls  &  Sons,  Surveyors,  England.  1896-99, 
Prospecting  and  surveying.  South  of  Chile.  1899-1900,  Engr.,  Govt.  Water  Works. 
1900-02,  Prospecting  and  surveying  coal  prospects  in  South  of  Chile,  for  Gibbs  &  Co. 
1902-13,  Mgr.,  Copper  Mines  &  Exploration  Co.,  Gold  Mines  near  Copiapo,  and  re- 
porting on  various  mines. 

Present  position:  Mgr.  Mines  and  Smelters,  etc.,  Cia.  Minas  de  Cobre  de  Gatico. 

Charles  Tale  Pfoutz,  Salt  Lake  City,  Utah. 
Proposed  by  D.  A.  Lyon,  E.  H.  Perry,  G.  H.  Clevenger. 

Bom  1892,  Salt  Lake  City.  1898-1908,  Public  and  high  schools,  Salt  Lake  City 
1908-11,  Univ.  of  Utah;  A.  B.     1911-13,  Univ.  of  Cal.;  B.  S. 

Present  position:  1913  to  date,  Student,  Dept.  of  Met.  Research,  Univ.  of  Utah. 
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Harold  C.  Price,  Salida.  Ck)lo. 

Proposed  by  J.  M.  McClave,  C.  L.  Colbum,  Ernest  Le  Neve  Foster. 

Bom  1888,  Washington,  D.  C.  1903-07.  Central  High  School,  Washington,  D.  C. 
1909-13,  Colo.  School  of  Mines.  Golden,  Colo.;  E.  M.  1913,  Summer,  Von  SchultzA 
Low,  Denver,  Colo.  1913,  Cnemist  and  Assayer,  New  Pennsylvania  Mines  Co., 
Montezuma,  Colo. 

Present  position:  Asst.  Chemist,  Ohio  &  Colo.  Smelting  &  Refining  Co. 

H.  W.  Reed,  Salt  Lake  City,  Utah. 

Proposed  by  Henry  Krumb,  D.  W.  Brunton,  Robert  H.  Richards. 

Bom  1849,  Brooklyn,  N.  Y.  1870,  Grad.  Dartmouth  College;  B.  S.  1880-1901, 
Mgr.,  Carolina  M.  Co.  1890-1901,  Glacier  M.  Co^  Cumberland  Min.  Co.,  Wheel 
of  Fortune  M.  Co.,  Revenue  T.  M.  Co.,  Hector  M.  Co. 

Present  position:  Disengaged. 

Frederick  Young  Robertsom  New  York,  N.  Y. 

Proposed  by  W.  G.  Sharp,  H.  A.  Prosser,  Willard  S.  Morse. 

Bom  1868,  Unionville,  JJl.  High  School.  1907,  Asst.  to  Pres.,  United  States 
Smelting,  Refilling  &  Mining  Co.,  Boston,  Mass.  1909,  Genl.  Mgr.,  United  States 
Metals  Refining  Co. 

Present  position:  Vice-Pres.  and  Genl.  Mgr.,  United  States  Metals  Refining  Co. 

Spencer  Smith  Rumsey,  Duluth,  Minn. 

Proposed  by  William  Kelly,  W.  J.  Olcott,  O.  C.  Davidson. 

Bom  1876,  Berlin,  Wis.  1893,  Grad.,  Berlin  High  School.  1897,  Grad.,  Univ.  of 
Wisconsin;  B.  S.  1897-1900,  Draftsman,  Engine  Dept.,  Edward  P.  Allis  Co..  Mil- 
waukee^  Wis.  1900-08.  Asst.  to  Chief  Engr.;  1908-11,  Engr.  of  Constmction.  Oliver 
Iron  Mming  Co.,  Dulutn,  Minn.,  supervising  construction  of  all  stmctures  and  instal- 
lation of  machinery  and  apparatus. 

Present  position:  1911  to  date,  Chief  Engr.,  Oliver  Iron  Min.  Co.,  Duluth,  Minn., 
in  general  charge  of  ^all  civil,  mechanical  and  electrical  engineering  work,  including 
plans,  specifications,  design,  and  construction  of' all  structures  and  engineering  equip- 
ment installed  and  operated  by  this  company. 

Orange  T.  Salisbury,  Salt  Lake  City,  Utah. 

Proposed  by  J.  A.  McCaskell,  H.  R.  Ellis,  Alfred  Frank. 

Bom  1882^  Salt  Lake  City.  1905,  ComeU  Univ.;  M.  E.  1906-11,  Genl.  Mgr., 
Ranishowe  Mming  Co. 

Present  position:  1907  to  date,  Pres.,  Kelly  Filter  Press  Co.;  Pres.,  Deer  Trail 
Mining  Co. 

Leslie  L.  Savage,  New  York,  N.  Y. 

Proposed  by  Horace  V.  Winchell,  Walter  Fiteh.  D.  C.  Bard. 
Bom  1883,  Oakland,  Cal.     1900-02,  Columbia  Univ.     1904-05,  Nevada  Cons. 
Copper  Co.,  Ely,  Nev.     1906-08,  Goldfield  leasing,  operating  in  Utah  and  Nevada. 
Present  position:  Vice-Pres.,  Golden  Gate  Mfg.  Co. 

Rugeley  D.  Seymour,  Salt  Lake  City,  Utah. 

Proposed  by  A.  K.  Tieman,  J.  C.  Dick,  S.  S.  Arentz, 

Bom  1856,  Louisiana.  1880-84,  Union  Iron  &  Steel  Co.,  Chicago.  1885-88, 
Robert  W.  Hunt  &  Co.,  Chicago.  1889-93,  U.  S.  Engineer  Corps.  1894-1910, 
Trenton  Iron  Co.,  Trenton,  N.  J. 

Present  position:  1910  to  date,  America-n  Steel  &  Wire  Co.  Now  Sales  Agent  in 
Salt  Lake  office. 

George  R.  Sheldon,  Salt  Lake  City,  Utah. 

Proposed  by  J.  H.  McChrystal,  Alexander  Leggat,  G.  W.  Riter. 

Born  1876,  Ishpeming,*  Mich.  1893,  Ishpeming  High  School.  1901,  Mich. 
College  of  Mines;  E.  M.;  Engr.  on  Constmction,  Champion  Copper  Co.,  Houghton. 
1904,  Charee  of  Mach.  Exhibit,  Bradley  Mach.  Co.,  World's  Fair,  St.  Louis,  Mo. 
1905-08,  Mine  examining  and  reporting.  1909,  Special  Agent,  Government  Land 
Office.     1910-12j  U.  S.  Min.  Co.,  Salt  Lake  City.     1913,  Aurora  Consolidated. 

Present  position:  Supt.  U.  S.  Phosphate  Co. 
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James  H.  Smith,  Jr.,  Cerro  de  Pasco,  Peru. 
Projwsed  by  Paul  S.  Couldrey,  B.  L.  Miller,  Howard  Eckfeldt. 
Bom  1886.  Mt.  Carmel,  Pa.     1892-1903,  Public  Schools  of  Mt.  Cannel,  Pa. 
1904-06,  Phillips  Exeter  Academy.     1906-11,  Lehigh  Univ.,  School  of  Mines.     1900- 

1909,  Genl.  experience  in  and  around  anthracite  coal  mines,  Pennsylvania.  1909-10, 
Transitman,  Cabin  Creek  Cons.  Coal  Co.,  Kajrford,  W.  Va.  1911-12,  Asst.  Engr. 
and  Shift  Boss,  Cerro  de  Pasco  Mining  Co. 

Present  position:  Chief  Engr.,  Cerro  de  Pasco  Mining  Co. 

Karl  C.  Stadtmueller,  RancaguajJZ!hile. 

Proposed  by  Ross  E.  Douglass,  W.  J.  Turner,  B.  T.  CoUey. 

Bom .     1909,  Yale  Univ. ;  Ph.  B.     1912,  Yale  Graduate  School;  M.  E.     1909- 

1910,  Detroit  Copper  Mining  Co.     1912,  Copper  Range,  mines,  mill. 
Present  position:  1912  to  date.  Experimental  Met.,  Braden  Copper  Co. 

William  Warwick  Stenning,  Rancagua,  Chile. 

Proposed  by  Ross  E.  Douglass,  W.  J.  Turner,  B.  T.  Colley. 

Bom  1885,  Brighton,  England.     1895-1902.  Steyning  Grammar  School.     1902- 

1905,  Brighton  Technical  College.  1905-09,  Woolwich  Polytechnic  College.  1905- 
1909,  Apprenticed  to  Fraser  &  Chalmers,  Erith,  England.  1909,  Machine  Shop, 
Foreman  and  Asst.  Engr..  Abbontiakoon  Mines,  W.  Africa.  1909-10,  Chief  Ener., 
Abbontiakoon  Mines,  Ltd.,  W.  Africa.  1910-11,  Asst.  Engr.,  Prestea  Mines,  w. 
Africa.  1911^  Chief  Engr.,  Abbontiakoon  Mines,  Ltd.,  W.  Africa.  1911-12,  Chief 
Engr.  and  Mill  Supt.,  Mawchi  Tin  and  Wolfram  Mines,  Burma.  1912-13,  Flotation 
and  Research  Met.,  Minerals  Separation,  Ltd.,  London. 

Present  position:  Mill  Supt.,  Braden  Copper  Co.,  Chile. 

r , Jity,  Ut 

Proposed  by  J.  C.  Dick,  Alfred  Frank,  C.  W.  Whitley. 

Bom  1884,  Chicago,  Dl.    Formerly,  James  A.  RoUock,  Co.,  Lumen  Bearing  Co. 

Present  position:  Mgr.,  Stimpson  Equipment  Co. 

William  Thum,  Hammond.  Ind. 

Proposed  by  E.  E.  Dieflfenbach,  R.  Reutschi,  C.  F.  Moore. 

Bom  1863,  Germany.  1872-79,  German  Prep.  Schools  for  Univ.,  practical  and 
theoretical  training  mostly  in  metallurgical  works.  1880-83,  Dept.  I^gineering  Office, 
Singer  Sewing  Machine  Mfg.  Co.,  Elizabeth,  N.  J.  1883-1904,  Asst.  Supt.,  Electro- 
lytic Copper  Refining  Dept.,  Balbach  Smelting  &  Refining  Co.  of  Newark,  N.  J.     1904- 

1906,  Asst.  to  Mgr.  and  Supt.,  De  Lamar  Coppjer  Refining  Co.,  Chrome,  N.  J.,  and  after 
their  interests  were  taken  over  by  U.  S.  Smelting,  Refinincr  &  Mining  Co. 

Present  position:  1906  to  date,  Supt.,  U.  S.  Metals  Refining  Co.,  East  Chicago, 
Ind. 

Zimg  Tse  Kien  Woo,  Hanyang,  China. 

Proposed  by  Thomas  T.  Read,  Cho  Yang,  George  D.  Barron. 

Bom  1879,  Shanghai,  China.  1895,  Grad.  St.  John's  Univ.,  Shanghai,  China. 
1903,  Birkbeck  Institute,  London.  1903-04,  Mech.  Engineering  at  Finsbury  Tech. 
College,  London.  1907,  Grad.,  Sheffield  Univ.,  England,  as  Bachelor  of  Metallurgy 
(Honours)  and  Associate  of  Applied  Science.     1908,  Degree  of  Master  of  Metallurgy. 

1907,  Admitted  at  the  Cargo  Meet  Works,  Middlesboro,  to  make  a  thorough  study  of 
the  Talbot  process.  1908,  Admitted  as  a  student  at  Rot  Erde,  Aachen  and  Esch, 
Luxemburg,  for  practice.  1909,  Asst.  Engr.,  in  Black  Furnace  Dept.,  Hanyang  Iron 
&  Steel  Wks. 

Present  position:  1912  to  date,  Genl.  Supt.,  Hanyang  Steel  Wks.,  Hanyang, 
China. 

Wallace  G.  Woolf,  Salt  Lake  City,  Utah. 

Proposed  by  D.  A.  Lyon,  E.  H.  Perry,  G.  H.  Clevenger. 

Bom  1890,  Salt  Lake  City.  1904^8,  Salt  Lake  High  School.  1908-12,  School 
of  Mines,  Univ.  of  Utah.  1913-14,  Fellow  in  Metallurgy,  Univ.  of  Utah;  M.  S. 
Summers  of  1908-09-10,  various  mines  and  mills  in  Utah.  1912-13,  Desert  Mill  of 
the  Tonopah  Mining  Co. 

Present  position:  Metallurgical  Research  Fellow,  Univ.  of  Utah. 
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A.  A.  Wren,  Kimberly,  Nev. 

Proposed  by  Henry  Knimb,  W.  A.  Wilson,  J.  A.  McCaskell. 

Bom  1883,  San  Antonio,  Texas.  1905,  Lafayette  College;  E.  M.  1908,  Montana 
State  School  of  Mines;  E.  M.  1905-07,  Engr.  and  Assaver,  Edward  F.  Gold  Minios 
Co.,  Hassel,  Mont.  1908,  Odd  jobs  around  mines  in  Butte.  1908-10,  Mine  and 
chum  drill  sampling  for  Henry  Krumb  and  Ralph  Nowland,  Ray  Consolidated  Min- 
ing Co.,  Ray,  Ariz.  1910-11,  Underground  Ray  Mine,  Drill  Operator  and  Roek 
Drill  Foreman.  1911-12,  Classifier  Foreman,  Hayden  Mill,  Ray  tk)nsolidated  Min- 
ing Co.  1912-13^  Draftsman  Repath  A  McGregor,  Douglas,  Aiiz.  1913-14,  Mining 
Engr.,  Copper  Mmes  Co.,  Ruth,  Nev. 

Pi«sent  position:  Charge  of  Chum  Drill  Sampling,  Consolidated  Copper  Mines 
Co.,  Kimbeny,  Nev. 

Associate  Members 

Charles  Hayden,  New  York,  N.  Y. 

Proposed  by  B.  B.  Thayer,  Charles  F.  Rand,  William  B.  Thompson. 
Bom  1870,  Boston^  Mass.     1890,  Mass.  Inst,  of  Technology;  B.  S. 
Present  position:  Hayden,  Stone  &  Co. 

John  Charles  Jones,  Salt  Lake  City,  Utah. 

Proposed  by  George  W.  Riter,  W.  A.  Wilson.  D.  A.  Lyon. 

Bom  1873,  Clinton  Jet.,  Wis.  1892-96,  Univ.  of  Nebraska.  1896-1900,  Crocker 
Wheeler  Co.,  at  works.     1900-01,  Westinghouse  Electric  &  Mfg.  Co.  at  the  works. 

Present  position:  1901  to  date,  Mgr.,  Salt  Lake  office  Westinghouse  Electric  & 
Mfg.  Co. 

Gerard  B.  Rosenblatt,  Salt  Lake  City,  Utah. 
Proposed  by  D.  A.  Lyon,  C.  W.  Goodale,  D.  C.  Bard. 

Bom  1881,  New  York,  N.  Y.  19Q2,  Columbia  Univ.  Westinghouse  Elec.  & 
Mfg.  Co.,  Mining  Dept.,  Engineer  in  charge  all  territory  west  of  Mississippi. 

Thomas  J.  Walsh,  Helena,  Mont. 

Proposed  by  Horace  V.  Wmchell,  William  Scallon,  George  T.  Wickes. 
Bom  1859,  Two  Rivers,  Wis.     1884,  Univ.  of  Wisconsin;  B.L.     Practiced  law  in 
Montana  since  1890,  tiying  many  actions  involving  the  application  of  the  mining  laws. 
Present  position:  U.  S.  Senator  from  Montana. 

Junior  Members 

David  Goldstein.  Passaic,  N.  J. 

Proposed  by  A.  L.  Walker,  Henry  S.  Munroe.  William  Campbell. 

Bom  1891,  Newark,  N.  J.  1906-09,  Passaic  Hieh  School.  1909-13,  Columbia 
School  of  Mines;  E.  M.  1913,  Summer,  Miner,  New  Jersey  Zinc  Co.  1913-14, 
Ennneering  Staff  Miner,  Canadian  Copper  Co. 

Present  position:  Unemployed. 

Russell  Story  Tarr,  Ithaca,  N.  Y. 

Proposed  by  H.  Ries,  A.  N.  Winchell,  J.  S.  Hook. 

Bom  1893,  Gloucester,  Mass.  1907-09,  Ithaca  High  School.  1909-10,  Studied 
in  Germany.  1910-11,  Exeter,  graduated.  1911-12,  One  year  at  Harvard.  1912-14, 
Comell,  Class  1915.  1911,  Summer  spent  in  Alaska  with  Profs.  Tarr  and  Martin. 
1913,  Summer,  with  the  Wisconsin  Geol.  Survey  as  compassman.  1914,  Summer, 
with  Wisconsin  Geological  Survey  as  geologist. 

Present  position:  Student  in  Comell. 

Changes  of  Address  of  Mebibers 

[Note. — It  has  been  suggested  that  the  publication  in  the  BULLETIN  of  the 
changes  of  address  of  members  be  discontinued.  The  Secretary  is  desirous,  there- 
fore, of  ohtaining  an  expression  from  memhers  as  to  Ihe  usefulness  of  mis  list 
If  you  consult  the  list  and  find  it  helpful  will  you  write  the  Secretary  to  this  effect] 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  Aug.  10  to  Sept.  10,  1914.  This 
list,  together  with  the  list  published  in  Bulletin  Nos.  88  to  93,  April  to 
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Sept.,  1914,  and  the  foregoing  list  of  new  members,  therefore,  supple- 
ments the  annual  list  of  members  corrected  to  Mar.  1,  1914,  and  brings 
it  up  to  the  date  of  Sept.  10,  1914. 

Adams,  Ralph  E Care  W.  M.  Dniry,  Mais  Bldg.,  El  Paso.  Texas. 

Banks,  Harry  P 105  Oak  Terrace,  Garvanza  Sta.,  Los  Anpeles,  Cal. 

Barnes,  Blakeslee Instructed  to  hold  all  mail. 

Baumann,  Henry  N.,  Jr Hotel  Baden,  Seattle,  Wash. 

Bbckwith,  H.  T 115  Summer  St.,  Springfield,  Vt. 

Bell,  W.  L Care  the  Spokane  Club,  Spokane,  Wash. 

Blake,  D.  E Instructed  to  hold  all  mail. 

Boys,  Harry  R Care  Aurora  Consolidated  Mining  Co.,  Aurora,  Nev. 

Brooks,  John  M.,  Jr 749  North  Fifth  Ave.,  Knoxvillcj  Tenn. 

Burke,  M.  D 706  Second  National  Bldg.,  Cincinnati,  Ohio. 

Carnahan,  George  Holmes 711  Mills  Bldg.,  El  Paso.  Texas. 

Carr,  Henry  C Care  Lindon  W.  Bates,  71  Broadway,  New  York,  N.  Y. 

Carr,  Homer  L.. 247  Bedford  Park  Boulevard,  New  York,  N.  Y. 

Carson,   Ellard  W 1487  W.  45th  St.,  Los  Angeles,   Cal. 

Clark,   Horace   H Room    1325,   72   West  Adams   St.,   Chicago,  111. 

CoBELDiCK,  W.  Morley,  132  Thurleigh  Road,  West  Side  Clapham  Common, 

London,  S.  W.,  England. 

DeKalb,  Courtenay 829  Tyndall  Ave.,  Tucson,  Ariz. 

Drake,  pRi^Ncis,  Mining  &  Metallurgical  Club,  London  Wall  Bldgs^ London^  England. 

Earle,  Theodore 117  Fisher  Ave.,  White  Plams,  N.  Y. 

Emmons,  CD 727  East  13th  Ave.,  Eugene,  Ore. 

Emmons,  N.  H.,  2d KnoUwood,  Dover,  Mass. 

Fawns,  Sydney, 71  Onslow  Square,  So.  Kensington,  S.  W.,  England. 

Fleming,  Edward  P University  Club,   Salt  Lake  City.  Utah. 

Forbes,  D.  L.  H.,  Chile  Exploration  Co.,  Chuquicamata  (via  Antofa^asta),  Chile,  S.  A. 

FousT,  Thomas  B Cor.  4th  and  College  Sts.,    Clarksville,    Tenn. 

Gannon,  Michael  H 810   E.    Denny   Way.    Seattle,  Wash. 

George,  Percy  William Hollywood,    Wash. 

Glover,  G.  H.,  Jr Box  242,  Short  Kills,  N.J. 

Hamilton,  Lester  Andrew,  Graham  Court^th  Ave.  and  1 16th  St^^  New  York,  N. Y. 

Hamilton,  Thomas  M Care  Robert  S.  Hamilton,  Lewistown,  Fergus  Co.,  Mont. 

Hart,  P.  E Mulgrave  House,  Sutton,  Surrey,  England. 

Hayes,  C.  Willard 47  Parliament  St..  Westminster,  London,  England. 

Hbislar,  C.  S Kelvin  Sultana  Copper  Co.,  Kelvin,  Ariz. 

Herold,  Stanley  C 1381  S.  First  St.,  San  Jose,  Cal. 

HiGGiNS,  Edwin.  .  .Care  U.  S.  Bureau  of  Mines,  40th  and  Butler  Sts.,  Pittsbuii,  Pa. 

Hover,  David  L.  C Care  Fundicion,  Asarco,  Dgo.,  Mexico 

Ingalls,  Walter  R 10th  Ave.  and  36th  St.,  New  York,  N. Y. 

Jeffrey,  Robert  H Haileybury^  Ont.,  Canada. 

ICehler,  C.  R Huancabamba,  via  Paita,  Peru,  S.  A. 

Kiddie,  Thomas 531 S.  Margareta  Ave.,  West  Alhambra,  Cal. 

Koehler,  Carl  F 1404  Liberty  St.,  Franklin,  Pa. 

Ladoo,  Raymond  B 38  Conant  HalL  Cambridge,  Mass. 

Lane,  H.  M 208  Highland  Ave.,  Highland  Park,  Detroit.  Mich. 

Leqgett,  Thomas  H 149  Broadway,  New  York,  N. Y. 

Lindau,  S.  Paul 310  South  Alvarado,  Los  Angeles,  Cal. 

Linn,  W.  J P.  O.  Box  B,  TiSsa,  Okla. 

Longacre,  Orleans 112  Sergeant  Ave.,  Joplin,  Mo. 

Love,  James  W Care  Royal  Basin  Mining  Co.,  Maxville,  Mont. 

McBride,  W.  G Great  Western  Copper  Co^  Mammoth,  Ariz. 

McMiLLEN,  Russell  H 134  Second  St.,  Aspinwall,  Pa. 

MacDonald,  Augustus Apartado  55,  Guanajuato,  Mexico. 

Macia,  James  H Box  526,  Douglas,  Ariz. 

Macdougall,  C.  W 712  N.  Broad  St.,  Elizabeth,  N.  J. 

Macfarlane,  Graham Lincoln  Bldg.,  Louisville,  Ky. 

Meek,  Harry  C 950  North  Eleanor  St.,  Pomona,  Cal. 

Merwin,  Miles  H 615  Fallowfield  Ave.,  Charleroi,  Pa. 

Miller,  Arthur  J.,  American  Direct  Concentrating  Co_y 

315  S.   10th  East  St.,  Salt  Lake  City,  Utah. 

Millward,  William 1802  E.  90th  St.,  Cleveland,  Ohio. 

Morse,  B.  P .1732  Wayne  St.,  Denver,  Colo. 
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MoHSB,  Beyan  K 29  Broadway,  New  Yoric,  N.  Y. 

MuKBO,  D.  M Martintown,  Ont.,  Canada. 

Newberry,  Andrew  W 321  Story  Bldg^  Los  Angeles,  Cal. 

Norton,  E.  G 212  Milam  St.,  Shreveport,  La. 

Oyerfeck,  Areh  C 619  Quincy  St^  Rapid  City,  S.  D. 

Penrose,  R.  A.  F.,  Jr Brown  Palace  Hotel,  Denver,  Colo. 

Pentland,   W.  J Instructed  to  hold  all  mail. 

Petty,  Morris  K Michaux,  Powhatan  Co.,  Va. 

Porch,  E.  L.,  Jr., Care  Bureau  of  Economic  Geology  and  Technology, 

Univ.  of  Texas,  Austin,  Texas. 

PROCHAZKA,  George  A.,  Jr 1114  Boybton  Ave.,  Seattle,  Wash. 

Rambo,  William  C.  J 1160  York  St.,  Denver,  Colo. 

Rea,  John  E Care  Derrick  &  Lane,  Seward,  Alaska. 

Reece,  p.  P Box  474,  Boone,  Iowa. 

Reynolds,  H.  D.  G Care  Burro  Mt.  Copper  Co.,  Tyrone,  N.  M. 

Roberts,   J.   C 501   Foster   Bldg.,   Denver,  Colo. 

RoDOERs.  Selden  S 321  Third  Avenue  North,  Great  Falls,  Mont. 

Ryall,  Georqb  M Care  the  Jonathan  Club,  Los  Angeles,  Cal. 

Savage,  John  A John  A.  Savage  &  Co.,  Alworth  Bldg.,  Duluth,  Minn. 

Saluer  du   Pin.   Rene   de Basin,   Jenerson   Co.,  Mont. 

Sanders,  A.  D.,  General  Sandur  Mining  Co.,  Ramandrug  via  Hospet,  S.  M.  Ry.,  India. 

ScoBEY,  J.   C P.  O.   Box  939,  Pittsburg,  Pa. 

Scoles,  J.  C 125  Pewabis  St.,  Ironwood,  Mich. 

Scott,  Walter  P.,  The  Tigre  Mining  Co.,  Esqueda,  Sonora,  Mexico, 

via  Douglas,  Ariz. 

Seibert,   p.   a Hagerstown,  Md. 

Self,  E.  D 6  via  Palazzine,  San  Domenico,  di  Fiesole,  Italy. 

Shaw,  S.  F.,  Care  American  Smelting  &  Refining  Co.,  Charcas,  San  Luis  Potosi,  Mex. 
Snow,  Frederick  W.,  Care  Union  Mini^re  du  Haut-Katanga,  P.  O.  Box  76, 

Elisabethville,  Katanga,  Congo  Beige,  Africa. 

Stevens,  Arthur  W Atlanta,  Idaho. 

Sticht,    Robert Bolton,  Mass. 

Stonestrbet,  George  D.,  Continental  Copper  Mining  &  Smelting  Co.,  Hill  City,  S.  D. 

SuLLHTAN,  Alan Wycnwood  Park,  Toronto,  Cfinada. 

SuMMERHAYEs,  Maurige  W.,  Porcupinc-Crowu  Mines,  Ltd.,  Timmins  P.  O., 

Ontario,  Canada. 

SwEETSER,   A.  L 110   Orchard   St.,  West  Somerville,    Mass. 

Takenouchi,  Korehiko,  Care  Kuhara  Mining  Co.,  Nakanoshima  11,  Osaka,  Japan. 
Thomas,  D.  R.,  Care  Bernard  MacDonald,  533-534  1.  W.  HeUman  Bldg., 

Los  Ajigeles,  Cal. 
Thorne,  B.  L.,  Coal  Mines  Branch,  Department  of  Natural  Resources, 

Canadian  Pacific  Ry.,  Calgary,  Alberta,  Can. 

Tom,   I P.    O.    Box  6034,   Johannesbure,   So.   Africa. 

Trauerman,    Carl   J Landusky,   via    Malta,    Mont. 

TuscHKA,  Otto 603  W.  Elmira  St.,  San  Antonio,  Texas. 

Wagner,  William  Huff Care  Amer.  Zinc  &  Chemical  Co.,  LMigeloth,  Pa. 

Wallace,  Robert Bingham  Canyon,  Utah. 

Walters,   Maurice   B Morenci,  Aria. 

Ward,  Harry  J 902  Monadnock  Bldg.,  San  Francisco,  Cal. 

Warner,  Thor Instructed   to   hold  all  mail. 

Welsh,  Norval  J.  E Organ  P.  O.,  N.  M. 

Wendel,  Edmund 6103  Pear  St.,  Cleveland,  Ohio. 

Williams,  W.  A 506  Custom  House,  San  Francisco,  Cal. 

Wilson,   f'REDERiCK   C 108 .  Blackman   Ave.,   Joliet,  III. 

Woodward,  W.  M.  H U.  S.  Forest  Service,  Portland,  Ore. 

Young,   H.   G Care  Jualin   Alaska   Gold   Mines,   Jualin,   Alaska. 

Addresses  of  Members  and  Associates  Wanted 

Name.  •     Last  address  of  Record,  from  which  Mail  has  been  returned. 

BoLLEs,  J.  H 114  W.  79th  St.,  New  York,  N.  Y. 

BuRNHAM,  Mather  H London^  E.  C,  England. 

Butler,    John    Scott San  Luis  Potosi,  Mexico. 

Chamberlain,  John  R.  . . El  Aguila  Oil  Co.,  Apartado  160,  Tampico,  Tamps.,  Mexico. 
Elliot,  John  L 54  New  Bond  St.,  London,  JK  CC  Eogland. 
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Ferguson,   Claude Wasco,   Kem   Co.,  Cal. 

Hoffmann,   A.  O Handtverkargatan   15,   Stockholm,  Sweden. 

Hopkins,  G.  V Glamorgan,  Wales,  Great  Britain. 

Lamb,  W.  H.,  Jr Boyles,  Ala. 

Menefee,  Arthur  B Oxford,  N.  J. 

Mitchell,  Thomas  E MUes  City,  Mont. 

PiNKHAM,    W.    F Battle  Mountain,  Nev. 

RiBALKiN,    M.    P St.  Petersburg.  Russia. 

RoDGERs,  Joseph  H Seattle,  Wash. 

R0DRIQUE2.  J.  C Coahuila,  Mexico. 

Schmidt,  Henry  C Monterey,  N.  L.,  Mexico. 

Stacpoole,  S.  W 3d  Ave.  de  la  Libertad  No.  5,  Orizaba.,  V.  C,  Mexico. 

Stanlbt,    James London,     W.,  England. 

Sweeney,  Harry  P Wharton  JN^.  J. 

Teel,  William  H 206  19th  Ave.,  N.,  Seattle.  Wash. 

Wraioht,  Ernest  A London,  8.  W.,  England. 

Necrology 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  period  Aug.  10  to  Sept.  10,  1914. 

Date  of 

Ejection  Name                                                                Date  of  Decease 

1886  *  Grothe,  Albert August  19,   1914 

1906  ♦Hubbard,  Harry  J July       31,   1914 

1890  tLangfcloth,  J August  14,   1914 

1912  •McCunn,  George  B August     1,   1914 

1872  •♦Pearse,  John  Barnard , August  24,   1914 

1910 ^iStewart,^harie8  Arthur.  .^. ^. .  ..August  29,   1914 

♦Member.  ♦♦life  Member.                                   t Associate. 

Biographical  Notice 

Edmund  C.  Limbach  was  born  Apr.  25, 1873,  at  Monument,  Colo.,  where 
he  attended  the  public  schools,  later  going  to  the  West  Denver  High 
School.  He  was  graduated  from  the  Colorado  School  of  Mines  in  1895, 
and  was  engaged  actively  in  mining  throughout  the  West.  When  he  re- 
ceived the  injuries  which  caused  his  death  he  was  Superintendent  of  the 
American  Girl  mine,  owned  by  the  Imperial  Reduction  Co.  On  June  16, 
1914,  he  was  caught  in  the  drive  belt  ofthe  mill.  Internal  injuries  and  a 
broken  arm  and  leg  were  the  result  of  the  accident.  He  died  in  an  auto- 
mobile while  being  taken  to  Ogilby  for  treatment,  and  was  buried  at  Bur- 
lington, Wash.  Mr.  Limbach  married,  in  1902,  Miss  Roberta  .Dwyer  of 
Aspen,  Colo.,  who,  with  two  young  daughters,  survives  him.  He  be- 
came a  member  of  the  Institute  in  1912. 
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EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 

New  York 

L.  W.  FRANCIS.  Chairman,              WILLARD  S.  MORSE.  FiM-CAoirman. 
THOMAS  T.  READ.  5eer«tory,  Woolworih  Bide.  New  York.  N.  Y. 
P.  A.  MOSMAN.  TTM9W€r, 
LOUIS  D.  HUNTOON.  

HENRY  L.  SMYTH.  Chairman,  ALFRED  C.  LANE.  Vie^-Chairman, 

AUGUSTUS  H.  EU8TIS,  SterManhTvatwv,  131  State  St,  Boston.  Mub. 

TIMOTHY  W.  SPRAQUE.  HENRY  A.  WENTWORTH. 

Columbia 

F.  A.  THOMSON.  Chairman,  GEORGE  W.  RODDEWIG.  Vie0-<;hairman, 

LYNDON  K.  ARMSTRONG.  a^erMaryTfaMurw,  P.  O.  Drawer  2154.  Spokane,  Wash. 
R.  S.  McCAFFERY.  S.  H.  RICHARDSON. 

Puget  Sound 

JOSEPH  DANIELS,  Chairman.  J.  N.  POTT,  Viet^hairman, 

I.  F.  LAUCKS,  iS#cr«tory^rrea«ur«r,  95  Yesler  Way.  Seattle,  Wash. 
A.  F.  BLAIR,  CHESTER  F.  LEE. 

Southern  California 

THEODORE  B.  COMSTOCK,  Chairman.  SEELEY  W.  MUDD,  Fiea-CAatrmoa. 

FREDERICK  J.  H.  MERRUX,  Secretanf-Treatur^r,  300  Germain  Bide.,  Los  Anceles.  Cal. 
A.  B.  CARPENTER.  C.  OOLCOCK  JONES. 

Colorado 

FRANK  BULKLEY.  Chairman. 
C.  LORIMER  COLBURN.  Seerwtary-Trea^urmr,  014  Ideal  Bide  Denver,  Coio. 
S.  A.  lONIDES,  JAMES  M.  McCLAVE.  DAVID  G.  MILLER. 

Montana 

E.  P.  MATHEWSON,  Chairman.  FRANK  M.  SMITH,  7<ee-CJka»rmaa. 

D.  C.  BARD.  Secretary,  Montana  State  Sohool  of  Mines,  Butte.  Mont. 
JAMES  L.  BRUCE,  OSCAR  ROHN. 

San  Francisco 
S.  B.  CHRISTY.  Chairman.  H.  C.  HOOVER,  Viee-Chairman. 

ABBOT  A.  HANKS.  SeeretarvTreaturer,  030  Sacramento  St.,  Sen  Franoisoo,  Cal. 
F.  W.  BRADLEY.  C.  W.  MERRILL. 

Pennsylvania  Anthracite  Section 

R.  V.  NORRIS,  Chairman. 
CHARLES  F.  RUBER,  Vie^-^hairman,  W.  J.  RICHARDS.  Vice^hairman, 

EDWIN  LUDLOW,  Viee-<:hairman,  ARTHUR  H.  ST0RR8,  Viee^hairman. 

CHARLES  ENZIAN,  Secretary-Treaturer,  U.  S.  Bureau  of  Mines,  Wilke»-Barrs,  Pa. 
DOUGLAS  BUNTING,     FRANK  A.  HILL,  ALBERT  B.  JESSUP. 

RUFUS  J.  FOSTER,        JOHN  M.  HUMPHREY,      ROBERT  A.  QUIN. 

St.  Louie 

HERBERT  A.  WHEELER,  Chairman.  FIRMIN  V.  DE8LOQE,  Ftos-CAaimian. 

WALTER  E.  McCOURT,  Seeretary-Treagurer,  Washington  Univ.,  St.  Louis,  Mo. 
W.  MALCOLMSON.  R.  A.  BULL,  PHILIP  N.  MOORE. 

Chicago 

ROBERT  W.  HUNT,  Chairman.  J.  A.  EDE,  Vice^hairman. 

H.  W.  NICHOLS,  Seeretary^Treagurmr,  Field  Museum  of  Natural  History,  Chioaco,  III. 
F.  K.  COPELAND,  G.  M.  DAVIDSON. 

Utah-Nevada  Committee 
ROBERT  C.  GEMMELL,  Chairman. 
GEORGE  D.  BLOOD,       LAFAYETTE  HANCHETT,  GEORGE  W.  RITER. 

ERNEST  GAYFORD,        DUNCAN  MaoVICHIE. 
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CHARLES  F.  RAND, 
JOSEPH  W.  RICHARDS. 


STANDING  CX)MMITTEES 

Executwe 
BENJAMIN  B.  THAYER,  CJUnnmm. 
JAMES  F.  KEMP, 
ALBERT  R.  LEDOUX, 

Membership 
KARL  EILERS,  Chairman. 

JOHN  H.  JANEWAY,  Jb., 
SIDNEY  J.  JENNINGS. 

Finance 

CHARLES  F.  RAND,  Chairman. 

W.  L.  SAUNDERS. 

Library 
E.  GYBBON  SPILSBURY.  ChairmanA 
C.  R.  CORNING,«  ALEX.  C.  HUMPHREYS.* 

JOHN  HAYS  HAMMOND,"  BRADLEY  STOUGHTON. 

Papers  and  Publicationa 
BRADLEY  STOUGHTON,  Chairman, 


W.  R.  INGALLS,  1 
JOHN  D.  IRVING. 


KARL  EILERS, 


JAMES  F.  KEMP, 
THOMAS  T.  READ, 
LEONARD  S.  AUSTIN, 
JOHN  BIRKINBINE. 
DAVID  W.  BRUNTON, 
GELASIO  CAETANI. 
WILLIAM  CAMPBELL. 
ALBERT  E.  CARLTON. 
ALLAN  JAY  CLARK, 
NATHANIEL  H.  EMMONS, 
JOHN  W.  FINCH, 
CHARLES  H.  FULTON. 
JAMES  OAYLEY, 
CHARLES  W.  GOODALE, 
C.  WnJARD  HAYES, 
HEINRICH  O.  HOFMAN, 
HENRY  M.  HOWE, 


BZBCimTB   OOUiaTTBa 

JOSEPH  W.  RICHARDS, 
GEORGE  C.  STONE. 


LOUIS  D.  HUNTOON, 
L.  O.  KELLOGG. 
WILLIAM  KELLY, 
JAMES  F.  KEMP, 
CHARLES  KIRCHHOFF, 
CHARLES  K.  LEITH, 
ANTHONY  F.  LUCAS, 
RICHARD  MOLDENKE, 
SEELEY  W.  MUDD, 
HENRY  S.  MUNROE, 
R.  V.  NORRIS, 
EDWARD  W.  PARKER, 
EDWARD  D.  PETERS, 
ROSSITER  W.  RAYMOND, 
JOSEPH  W.  RICHARDS, 


ROBERT  H.  RICHARDS, 
HEINRICH  RIES, 
E.  F.  ROEBER, 
RENO  H.  SALES, 
ALBERT  SAUVEUR 
CHARLES  H.  SHAMEL, 
HENRY  L.  SMYTH, 
GEORGE  C.  STONE, 
RALPH  H.  SWEETSER, 
FELIX  A.  VOGEL, 
ARTHUR  L.  WALKER, 
ROLLA  B.  WATSON, 
HORACE  V.  WINCHELL. 


COMMITTEE    ON    JUNIOR    MEMBERS    AND    AFFILIATED    STUDENT 

SOCIETIES 


HARRY  H.  STOEK.  Chairman. 

Vice-chairmen'  ' 
CHARLES  H.  FULTON,  WILLIAM  B.  PHILLIPS, 

FREDERICK  W.  SPERR,  REGIS  CHAUVENET. 

GEORGE  J.  YOUNG, 
WALTER  R.  CRANE,  Seergtary,  Peimsylyania  State  CoUege,  State  College,  Pa. 


LUTHER  W.  BAHNEY, 
DAR8IE  C.  BARD, 
ROBERT  H.  BRADFORD, 
SAMUEL  W.  BEYER, 
GUY  H.  COX, 
JOSEPH  DANIELS, 
NOAH  F.  DRAKE. 


FRANK  W.  DURKEE, 
HOWARD  ECKFELDT, 
DAVID  M.  FOLSOM, 
R.  R.  GOODRICH, 
CHARLES  E.  LOCKE, 
HENRY  B.  MELLER, 
WALTER  S.  MORLEY, 


CHARLES  J.  NORWOOD, 
GEORGE  S.  RAYMER, 
HEINRICH  RIES, 
HENRY  L.  SMYTH, 
FRANCIS  A.  THOMSON, 
CLINTON  M.  YOUNG. 


COMMITTEE  ON  NOMINATIONS 


H.  F.  BAIN, 
WILL  L.  CLARK, 
JOSEPH  DANIELS, 


W.  J.  COX,  Chairman. 


R.  V.  NORRIS, 
E.  G.  SPILSBURY, 
H.  A.  WHEELER. 


1  Unta  Feb.,  1015.        >  UntU  Feb.,  1916.        *  Until  Feb.,  1017.        «  Until  Feb.,  1018. 
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COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

ADOLPHE  E.  BORIE,  Chairman. 


Vice-Chairmen 
GEORGE  D.  BARRON, 
EDWARD  H.  BENJAMIN, 
FRED  H.  BOSTWICK. 
ELI  T.  CONNER, 
C.  R.  CORNING, 
WALTER  DOUGLAS. 

THOMAS  T.  READ.  Secretary,  Woolworth  Bide..  New  York.  N.  Y, 


PHILIP  N.  MOORE. 
ROBERT  H.  RICHARDS, 
MILNOR  ROBERTS, 
CARL  8CH0LZ. 
WILLIAM  WRAITH, 


JOHN  H.  ALLEN,  R.  C.  GEMMELL, 

RICHARD  M.ATWATER.JB..  EDWIN  C.  HOLDEN. 


D.  C.  BARD. 
W.  DB  L.  BENEDICT. 
8.  W.  BEYER. 
A.  C.  BOYLE.  Jb.. 
FREDERICK  BRADSHAW. 
JOHN  C.  BRANNER. 
J.  E.  BUTLER. 
PALMER  CARTER. 
ALLAN  JAY  CLARK, 
GEO.  M.  COLVOCORESSES, 
F.  CRABTREE. 
GEORGE  C.  CRAWFORD. 
O.  C.  DAVIDSON. 
JAMES  8.  DOUGLAS, 
N.  F.  DRAKE. 
DAMON  D.  DUNKIN, 
HOWARD  N.  EAVENSON. 
HOWARD  ECKFELDT, 


WILLIAM  L.  HONNOLD. 
WALTER  E.  HOPPER. 
REGINALD  E.  HORE. 
TADASHIRO  INOUYE, 
ROYAL  P.  JARVIS. 
C.  COLCOCK  JONES, 
EUGENE  P.  KENNEDY. 
G.  E.  LADD. 
H.  N.  LAWRIE. 
CHESTER  F.  LEE, 
RICHARD  S.  McCAFFERY. 
S.  W.  McCALLIE, 

JAMES  F.  McClelland. 

MILTON  H.  McLean. 

C.  G.  memminger, 

T.  H.  O'BRIEN. 
JAMES  J.  ORMSBEE, 
EDWARD  W.  PARKER. 


ROBERT  PEELE. 
CHARLES  P.  PERIN. 
JOHN  B.  PORTER. 
JOS.  HYDE  PRATT, 
FRANK  A.  RAY. 
R.  M.  RAYMOND. 
CHARLES  RHODES. 
LbROY  SALSICH. 
HENRY  LLOYD  SMYTH, 
R.  B.  STANFORD. 
C.  A.  STEWART. 
STEPHEN  TABER. 
KNOX  TAYLOR. 
JOSEPH  A.  VAN  MATER, 
ARTHUR  L.  WALKER. 
ELTON  W.  WALKER, 
CHO  YANG, 
C.  M.  YOUNG, 
MORRISON  B.  YUNG. 


JAMES  F.  KEMP.i 


INSTITUTE  REPRESENTATIVES 

United  Engineering  Society  Trustees 

JOSEPH  STRUTHERS,«  CHARLES  F.  RAND.« 

Library  Board,  United  Engineering  Society 
C.  R.  CORNING.«  ALEX.  C.  HUMPHREYS,*  BRADLEY  STOUGHTON 

JOHN  HAYS  HAMMOND.«        E.  GYBBON  SPILSBURY.J 

John  Fritz  Medal  Board  of  Award 

JAMES  F.  KEMP.«  ALBERT  SAUVEUR.* 

CHARLES  KIRCHHOFF."  E.  GYBBON  SPILSBURY. 

General  Conference  Committee  of  Engineering  Societies 
BENJAMIN  B.  LAWRENCE.  J.  PARKE  CHANNING. 

Committee  of  Management,  International  Engineering  Congress,  1915 
EDWARD  H.  BENJAMIN,       NEWTON  CLEAVELAND.  BENJAMIN  B.  THAYER. 

H.  FOSTER  BAIN,  WILLIAM  S.  N0YE8,  BRADLEY  STOUGHTON. 

Reception  Committee,  International  Engineering  Congress,  1915. 
E.  E.  OLCOTT.  GEORGE  P.  KUNZ. 

American  Association  for  the  Advancement  of  Science 
HEINRICH  O.  HOFMAN.  JOHN  D.  IRVING. 

Advisory  Board  of  the  National  Conservation  Congress 
HENRY  S.  DRINKER. 

Sixth  International  Congress  of  Mining,  Metallurgy  and  Applied  Geology 
SIR  Robert  hadfield.      Herbert  c.  hoover,     t.  a.  rickard. 

Joint  Committee  on  Standardization  of  Graphical  Methods 
JUDD  STEWART. 


*■  Until  Feb..  1915.       *  Until  Feb..  1916       *  Until  Feb.,  1917. 


«  Until  Feb.,  1918. 
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TECHNICAL  COMMITTEES 
Iron  and  Sted 

ALBERT  SAUVEUR.  Chairman, 

A.  A.  STEVENSON,  Viee<!hairman. 

HERBERT  M.  BOYLSTON,  SeerUary,  Abbot  Bldg.,  Harvard  8q..  Cambridge.  Man. 

Sub  Committees 

IBON  ORE 
DWIGHT  E.  WOODBRIDGE.  Chairman. 

CHARLES  F.  RAND,  FELIX  A.  VOGBL. 

B.  W.  VALLAT,  ERNEST  F.  BURCHARD. 


JOHN  BIRKINBINE, 
WnJ^IAM  KELLY, 


WILLIAM  H.  BLAUVELT, 
AMBROSE  N.  DIEHL, 


GUILLIAEM  AERTSEN. 
FRANK  D.  CARNEY, 


^    BLAST  FURNACES 
H.  A.  BRASSERT,  Chairman. 

JAMES  GAYLEY,  RICHARD  V.  McKAY. 

J.  E.  JOHNSON,  Jr.,       RICHARD  MOLDENKE. 

STEEL  WORKS 
A.  A.  STEVENSON,  Chairman. 
HENRY  D.  HIBBARD,  J.  S.  UNGER, 

C.  F.  W.  RY8,  WILLIAM  R.  WALKER. 


ROLLING  MILLS 
FREDERICK  W.WOOD,  Chaitman. 
CHARLES  A.  BUCK.  ROBERT  W.  HUNT. 

CHEMISTRY,  PHYSICS,  AND  METALLOGRAPHY. 
HENRY  M.  HOWE,  E.  GYBBON  SPILSBURY,  WILLIAM  R.  WEBSTER. 

JOSEPH  W.  RICHARDS.  LEONARD  WALDO. 

Precious  and  Base  Metals 

CHARLES  W.  GOOD  ALE,  Chairman. 

L.  D.  RICKETTS,  Viee-Chairman.  ROBERT  C.  GEMMELL.  Vi<»<!hairman. 

DARSIE  C.  BARD.  Saeretary,  Montana  State  School  of  Mines,  Butte,  Mont. 

SUB-COMMITTEBS 
COPPER 


W.  H.  ALDRIDGE, 

W.  LAWRENCE  AUSTIN, 

FREDERICK  I.  CAIRNS, 

DAVID  COLfi, 

FRED  W.  DENTON. 


W.  H.  BLACKBURN. 
P.  L.  BOSQUI, 
PHILIP  R.  BRADLEY, 
CHARLES  BUTTERS, 
HARRY  8.  DENNY. 


LEONARD  S.  AUSTIN, 
O.  M.  BILHARZ. 
JOHN  8.  CARNAHAN. 
ARTHUR  8.  DWIGHT. 


8.  E.  BRETHERTON. 
GELA8I0  CAETANI, 


DAVID  H.  BROWNE, 
SIEGFRIED  FISCHER, 
FRANK  L.  HESS. 


L.  D.  RICKETTS, 
FOREST  RUTHERFORD, 
ARCHER  E.  WHEELER. 
A.  E.  WIGGIN. 


E.  P.  MATHEWSON.  Chairman. 
JOHN  C.  GREENWAY, 
LAFAYETTE  HANCHETT, 
WILLLAM  H.  HOWARD, 
FREDERICK  LAIST, 
C.  B.  LAKENAN. 

GOLD  AND  SILVER 
LYNWOOD  GARRISON.  Chairman. 

JOHN  V.  N.  DORR.  CHARLES  H.  MUNRO, 

FRANKLIN  GUITERMAN,  HENRY  C.  PERKINS. 

JAMES  W.  MALCOLMBON,  R.  M.  RAYMOND, 

CHARLES  W.  MERRILL,  WHITMAN  8YMMES. 
WILLET  G.  MILLER. 

LEAD 
H.  O.  HOFMAN,  Chairman. 
KARL  EILERS. 
H.  A.  GUESS, 
SIDNEY  J.  JENNINGS, 
FRANK  M.  SMITH, 


ARTHUR  THACHER, 
BULKLEY  WELLS. 
RUSH  J.  WHITE. 
WILLIAM  WRAITH. 


ZINC 
GEORGE  C.  STONE.  Chairman. 
W.  MoA.  JOHNSON.  A.  L.  QUENEAU. 

DORSEY  A.  LYON,  C.  E.  SIEBENTHAL* 

H.  A.  WHEELER. 

MISCELLANEOUS  METAI^ 
CHARLES  H.  FULTON,  Chairman. 
ROBERT  M.  KEENEY,  JOSEPH  STRUTHERS, 

GEORGE  A.  PACKARD,  WILLIS  R.  WHITNEY.  | 

WALTER  M.  STEIN, 
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Mining  Oeology 

JAMES  F.  KEMP.  Ckairnum, 
JOHN  W.  FINCH,  Fiec-CAoirman.  R.  A.  F.  PENROSE.  Jb.,  Ftetf-CAotrmon 

L.  C.  GRATON,  Secretary,  Harvard  Geologieal  Muaeuin.  Cambridse,  Maaa. 


RALPH  ARNOLD, 
H.  FOSTER  BAIN. 
JOHN  M.  BOUTWELL. 
H.  A.  BUEHLER, 
WILLIAM  H.  EMMONS, 
P.  LYNWOOD  GARRISON, 
HENRY  LANDES. 


ALFRED  C.  LANE. 
CHARLES  K.  LEITH. 
R.  V.  NORRIS, 
EZEQUIEL  ORDONEZ. 
WILLIAM  B.  PHILLIPS, 
JOSEPH  H.  PRATT. 
HEINRICH  RIES, 


RENO  H.  SALES. 
WILLIAM  O.  SHARP. 
CHARLES  H.  SMYTH.  Jb.. 
HENRY  L.  SMYTH, 
JOSIAH  E.  8PURR. 
M.  E.  WADSWORTH 


Mining  and  MHUng  Methods 

DAVID  W.  BRUNTON.  Chairman, 
C.  HOOVER.  Vice^hairman,  F.  W.  DENTON.  Viee<!hairman. 

SUB-GOMMITTEBS 
MINING 


ROBERT  M.  CATLIN.  Chairman 
J.  F.  McCLELLAND,  Secretary,  Drawer  C,  Yale  Station.  New  Haven.  Conn. 


TRUMAN  H.  ALDRICH.  Jr. 
R.  B.  BRINSMADE. 
DOUGLAS  BUNTINq, 
LOUIS  S.  GATES. 
CHARLES  CATLETT. 
J.  PARKE  CHANNING, 
F.  W.  DENTON. 
STANLEY  A.  EASTON. 
JAMES  R.  FINLAY. 
R.  C.  GEMMELL, 


JOHN  GILLIE. 
THOMAS  J.  GRIER. 
JOSEPH  A.  HOLMES. 
WILLIAM  L.  HONNOLD. 
JAMES  E.  JOPLING. 
ROBERT  A.  KINZIE. 
THOMAS  H.  LEGGETT. 
HENRY  LOUIS. 
JAMES  MacNAUGHTON. 
SEELEY  W.  MUDD. 


W.  J.  OLCOTT. 

JAMES  B.  RISQUE. 

MILNOR  ROBERTS. 

OSCAR  ROHN. 
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f SUBJECT  TO  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  peraon  at  the 
Pittsburg  meeting,  October,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  I,  1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Investigations  of  Coal-Dust  Explosions 

BY  GEORGE  8.  BICE,  PITTSBURG,  PA. 
(Pittsburg  Meeting,  October,  1914) 

The  subject  of  dust  explosions  in  coal  mines  first  appears  in  the 
Transactions  of  this  Institute  following  the  first  great  mine  disaster  that 
happened  in  bituminous  mines  of  the  United  States.  This  was  the 
Pocahontas  explosion,  which  occurred  Mar.  13,  1884,  causing  the  loss 
of  112  men.  The  operating  company  wisely  asked  the  technical  assist- 
ance of  the  Institute,  requesting  that  a  committee  be  appointed  to  inves- 
tigate and  report.  This  committee  consisted  of  Messrs.  Bramwell,  Buck, 
and  Williams,  who,  after  careful  study,  reached  the  conclusion  that  the 
explosion  was  due  "either  to  dust  alone  or  to  dust  quickened  by  an  admix- 
ture of  fire-damp  too  slight  for  detection  by  ordinary  means. "  This  is 
perhaps  the  first  time  in  this  country  that  coal  dust. was  considered  to  be 
the  chief  agency  in  a  mine  explosion.  The  report  is  given  in  the  Trans- 
actions, vol,  xiii,  p.  237  (1885).  It  is  particularly  worthy  of  note  that  the 
committee  called  attention  to  "the  necessity  of  full-sized  tests  and 
systematic  experiments." 

In  the  same  volume  of  the  Transactions^  there  is  a  most  interesting 
paper  reviewing  the  literature  relating  to  coal  dust,  by  E.  S.  Hutchinson, 
entitled  Notes  on  Coal-Dust  in  Colliery  Explosions.  Mr.  Hutchinson 
gives  a  historical  account  of  observations  on  the  part  played  by  coal  dust 
in  mine  explosions,  beginning  with  Messrs.  Lyell  and  Faraday's  report 
on  the  Haswell  colliery  explosion  in  1844,  in  which  it  is  said  "much  coal 
gas  had  been  made  from  this  dust  in  the  very  air  itself  in  the  mine  by  the 
flame  of  the  firedamp,  which  raised  and  swept  it  along,  and  much  of  the 
carbon  of  the  dust  remained  unburned  only  from  want  of  air.'' 

The  subject  lay  dormant  until  1875  when  William  Galloway  began 
some  coal-dust  experiments  in  a  small  gallery  at  a  mine  in  South  Wales 
of  which  he  was  manager.  At  that  time  he  considered  the  presence  of 
firedamp  necessary  for  continued  propagation  of  a  dust  explosion;  but  in 
1884,  the  year  of  the  Pocahontas  disaster,  he  stated  that  no  earlier 
author  than  himself  had  credited  coal  dust  with  being  a  principal  factor 
in  mine  explosions,  relegating  firedamp  to  a  secondary  place. 

Meantime  in  1876,  Henry  Hall  and  George  Clark  made  some  coal-dust 


Digitized  by 


Google 


2460  INVESTIGATIONS  OF  COAL-DUST  EXPLOSIONS 

explosion  experiments  in  an  adit  45  yd.  in  length,  which  were  the  first 
large-scale  tests  undertaken  with  coal  dust.  The  explosions  traveled 
the  length  of  the  adit,  and  issued  with  violence  from  the  mouth. 

In  1878  Morison  and  Marreco  began  experiments  in  diminutive 
galleries,  followed  in  1880  by  similar  experiments  conducted  by  Professor 
(afterward  Sir)  Frederick  Abel,  with  a  view  to  determining  the  cause  of 
the  explosion  disaster  that  occurred  at  the  Seaham  colliery.  Professor 
Able  drew  the  conclusion  that  as  far  as  could  be  determined  by  experi- 
ments on  a  moderate  scale  the  tendency  of  coal  dust  by  itself  to  propagate 
flame  is  of  a  limited  nature,  and  it  required  the  presence  of  a  very  small 
percentage  of  firedamp;  although  he  admitted  that  in  the  complete 
absence  of  firedamp,  an  explosion  might  be  propagated  to  a  greater  dis- 
tance than  the  results  of  small  experiments  would  warrant  one  in 
assuming. 

Mr.  Hutchinson,  in  his  paper,  summarizes  the  opinions  of  the  inspec- 
tors and  prominent  mining  men  before  a  Royal  Commission  sitting  in  1879 
and  1880.  All  those  whose  testimony  he  cited  "appeared  to  be  in  accord 
that  while  dust  in  itself  is  not  explosive,  it  is  abundantly  able  to  intensify 
an  explosion  initiated  by  gas. "  He  then  cites  at  length  a  series  of  21 1 
explosion  tests  conducted  by  the  Chesterfield  and  Derbyshire  Institute 
of  Engineers,  under  the  direction  of  Morison  and  Marreco,  in  a  wooden 
tube  82  ft.  long  and  14  by  18  in.  in  section  on  the  inside.  It  is  interesting 
to  note  that  in  only  a  small  proportion  of  the  tests  was  ignition  obtained 
and  apparently  in  no  case  did  propagation  extend  throughout  the  gallery, 
so  that  the  conclusions  of  the  committee  were  unanimous  that  "only 
ignition  of  dust  (in  distinction  to  an  explosion)  occurred  withcmt  gas," 
and  they  added:  "special  circumstances  must  combine  to  insure  ignition 
of  dust  without  gas. " 

At  the  conclusion  of  Mr.  Hutchinson's  paper  he  says:  "Neither 
assent  nor  dissent  with  regard  to  the  views  that  have  been  quoted  is 
intended  to  be  expressed  in  this  paper.  But  the  facts,  nevertheless, 
remain  that  there  are  dusts  and  dusts,  and  that  the  ratio  of  the  number 
of  serious  mine  explosions  to  the  total  number  of  blown-out  or  over- 
charged shots  and  local  explosions  of  fire-damp,  in  dry  and  dusty  mines, 
is  a  small  one;  whereas,  if  the  coal-dust  theory  be  true  to  the  extent  in- 
sisted upon  by  its  most  strenuous  advocates,  every  such  local  occurrence, 
in  a  mine  of  this  description,  should  be  followed  by  the  more  or  less  com- 
plete wreck  of  the  colliery. "  This  indicates  the  general  point  of  view  in 
1884. 

The  reason  for  the  many  failures  to  obtain  explosions  of  coal  dust  in 
the  earlier  experimental  galleries  was  perhaps  due  to  one  or  more  of  these 
causes: 

1.  Degree  of  impurity  of  the  coal  dust  used. 

2.  Large  size  of  the  particles  of  dust. 
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3.  Smallness  of  igniting  source,  that  is,  the  flame  too  short  in  length  or 
in  duration,  or,  the  mechanical  energy  insufficient  to  raise  the  dust  into  a 
cloud. 

4.  Taking  into  account  the  small  size  of  the  igniting  charge,  it  is 
possible  there  was  unsuitable  placing  of  the  dust,  or  an  insufficient 
quantity  of  the  dust  at  the  point  of  ignition. 

The  next  discussion  of  coal  dust  in  mine  explosions,  which  appeared  in 
the  Transactions^  in  vol.  xxiv  (1894),  followed  a  paper  by  William  Glenn 
on  Mine  Explosions  Generated  by  Grahamite  Dust,  in  which  he  evidently 
considers  in  the  two  explosions  in  1871  and  1873  in  the  Ritchie  mine 
(West  Virginia)  that  the  dust  was  the  cause  and  not  firedamp.  In  the 
discussion  Dr.  R.  W.  Raymond  quoted  at  length  from  the  report  of  the 
Prussian  Fire  Damp  Commission  which,  in  1884,  began  a  seriesof  experi- 
ments with  coal  dust,  and  coal  dust  and  gas,  in  a  gallery  167  ft.  long,  ellip- 
tical in  cross-section,  the  diameters  of  which  were  4  ft.  (horizontally)  and 
5|  ft.  (vertically).  As  was  stated  by  Dr.  Raymond,  these  experiments 
were  more  systematic  and  thorough  than  any  previously  conducted. 

The  general  conclusion  of  the  Commission  was  that  when  firedamp  is 
absent  the  propagation  of  an  explosion  of  coal  dust  is  limited  for  most 
varieties  of  dusts,  but  there  are  coal  dusts  which  once  ignited  by  a  shot, 
burn,  or  spontaneously  give  flame  far  beyond  the  localities  strewn  with 
the  dust. 

In  Austria  in  1885  and  1886  coal-dust  experiments  were  conducted  in  a 
testing  gallery.  In  these  experiments  nearly  all  kinds  of  coal  dust  were 
ignited  by  a  cartridge  of  100  g.  of  loose  dynamite,  but  it  was  stated  that 
a  small  mixture  of  firedamp  notably  increased  the  sensitivenesss  of  coal 
dust  to  ignition.  Further,  that  the  fineness  of  the  dust,  as  well  as  its 
dryness,  greatly  increases  its  sensitiveness  and  danger. 

In  1886  W.  N.  and  J.  B.  Atkinson,  mine  inspectors  of  England,  issued 
an  interesting  book  entitled  Explosions  in  Mines  which  was  the  result  of 
their  studies  of  ma  ly  mine  explosions.  The  authors  state  very  positively 
that  they  consider  coal  dust  the  chief  factor  in  most  of  the  British  mine 
explosions  of  the  p  ist,  and  describe  in  detail  six  explosions,  in  five  of  which 
they  consider  coal  dust  was  the  chief,  if  not  the  only,  agency.  Their 
discussion  of  the  oubject  shows  remarkable  knowledge  of  the  new  prob- 
lem. They  considered  the  most  dangerous  dust  is  the  finest  coal  dust, 
or  "float  dust,"  which  they  term  "upper  dust''  from  its  being^found  on  the 
timbers  and  on  projections  of  the  roof  and  sides.  In  the  light  of  the 
definite  information  obtained  in  recent  large-scale  experiments  the  authors 
possessed  a  remarkable  intuition  of  the  mechanics  of  explosions,  the 
circumstances  under  which  coal-dust  explosions  will  propagate,  the  posi- 
tion of  the  coked  dust  with  reference  to  the  movement  of  the  explosion, 
and  many  other  details,  which  shows  that  their  views  were  well  in  advance 
of  the  times.     It  is  particularly  interesting  to  note  that  they  concluded 
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"that  the  direction  that  the  air  was  traveling  had  no  influence  on  the 
course  of  an  explosion  after  it  was  once  started. " 

In  1890  to  1893,  Henry  Hall,  British  Inspector  of  Mines,  conducted 
some  explosion  tests  in  disused  shafts,  which  led  him  to  state  that  "hLs 
experiments  conclusively  prove  that  a  blast  of  gun  powder  in  dry  and 
dusty  mines  may  cause  serious  disaster  in  the  entire  absence  of  firedamp,^' 

The  British  Royal  Commission,  in  1894,  in  its  summary  states: 
''Coal  dust  alone  without  the  presence  of  any  gas  at  all  may  cause  a 
dangerous  explosion  if  ignited  by  a  blown-out  shot  or  violent  inflamma- 
tion. To  produce  such  a  result,  however,  the  conditions  must  be  excep- 
tional, and  are  only  likely  to  be  produced  on  rare  occasions." 

The  matter  rested  for  many  years  following  this  report,  not  only  in 
this  country  but  abroad,  except  for  occasional  discussions.  Nothing  on 
the  subject  of  coal  dust  in  relation  to  mine  explosions  appears  in  the  Trans- 
actions between  1895  and  1908,  when  there  was  a  paper  presented  by 
Carl  Scholz,  entitled  Efifect  of  Humidity  on  Mine  Explosions,  which 
brought  forward  the  danger  of  dry  coal  dust  in  mines,  and  discussed 
the  advantages  of  the  sprinkler-humidifying  method  of  preventing  mine 
explosions  (vol.  xxxix,  p.  328  (1908)).  This  was  followed  by  a  series  of 
papers  on  these  and  allied  matters  by  Bache,  Shurick,  Mannakce,  Ray- 
mond, and  Rice,  appearing  in  vols,  xl  and  xli.  Meantime,  however,  it  had 
become  apparent  that  long-flame  explosives  were  dangerous  to  use  in 
dusty  and  gaseous  mines,  and  galleries  were  established  in  Germany  in 
18M  and  subsequently  in  Belgium,  Austria,  and  England  for  testing  so- 
called  "safety  explosives,"  which  through  giving  a  shorter  flame,  one  of 
less  temperature,  and  of  far  less  duration,  would  be  relatively  safer  than 
black  powder  or  dynamite.  This  led  to  the  establishment  of  "  permitted 
lists"  of  explosives  in  Belgium  and  Great  Britain,  and  specifications  of 
requirements  in  France,  Germany,  and  Austria. 

It  was  not  until  after  the  great  Courr^ires  disaster  in  1906,  which  cost 
the  lives  of  1,100  men,  in  a  colliery  which  had  always  been  so  remarkably 
free  from  firedamp  up  to  that  time  that  it  was  considered  non-gaseous, 
that  the  fear  of  coal  dust  was  reawakened  in  the  great  coal-mining  coun- 
tries. It  led  in  France  to  the  establishment  by  the  Central  Committee 
of  Operators,  of  the  Lievin  station,  which  was  placed  under  the  talented 
government  engineer,  J.  Taflfanel.  Prior  to  this  French  mining  men  had 
been  led  to  believe,  by  early  laboratory  tests,  that  firedamp  was  the  chief 
danger,  and  that  coal  dust  would  only  increase  the  intensity  of  an  explo- 
sion, and  therefore  if  ignition  of  firedamp  was  prevented  there  would  be 
little  danger  from  coal  dust  itself. 

In  Great  Britain  the  Coal  Operators  Association,  early  in  1908,  erected 
the  large  Altofts  gallery,  which  was  placed  under  the  direction  of  Mr.  (later 
Sir)  William  E.  Garf  orth,  who  had  repeatedly  called  attention  to  the  danger 
of  coal  dust,  and  who  believed,  as  a  result  of  his  observations  following  the 
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disaster  at  the  Altofts  collieries  in  1886,  that  rock  dust,  if  present  in  suffi- 
cient quantities,  rendered  coal  dust  non-inflammable.  The  important  work 
at  Altofts  continued  for  three  years,  and  experiments  were  conducted 
on  a  larger  scale  than  had  yet  been  tried,  the  gallery  having  a  total  length 
of  about 900  ft.,  the  explosion  section  proper  being  600  ft.  long  and  7Jft. 
in  diameter.  Much  new  and  valuable  data  were  obtained  from  these 
experiments  regarding  the  propagation  of  dust  explosions,  the  force 
developed  within  the  limits  of  the  gallery,  the  gases  formed  and  the 
effectiveness  of  the  rock-dust  treatment  method  of  prevention.^  In 
1911  this  work  was  transferred  by  the  Mine  Owners  Association  to  the 
British  government  and  the  gallery  was  removed  to  Eskmeals,  where 
tests  have  since  been  conducted  under  the  direction  of  a  Royal  Commis- 
sion and  five  brief  reports  issued. 

The  Lievin  station  in  the  Pas  de  Calais  district  of  France,  when  first 
established  in  1907  employed  a  small  gallery  for  preliminary  tests,  but  a 
larger  gallery  was  installed  in  1908,  and  successively  increased  in  length 
until  the  scale  on  which  the  tests  were  conducted  was  more  extensive 
than  in  the  British  experiments,  the  main  gallery  being  1,000  ft.  in  length. 
Mr.  Taffanel  has  advanced  the  knowledge  concerning  coal-dust  explosions 
to  an  extent  which  places  the  work  on  a  more  exact  scientific  basis,  par- 
ticularly as  regards  the  explosion  wave  movements  under  different  condi- 
tions. The  acquirement  of  information  has,  in  part>,  been  due  to  the  high 
development  of  the  recording  instruments  he  employs.^ 

As  already  stated,  explosives  testing  galleries  were  established ,  20 
years  ago  in  Germany  and  subsequently  in  Belgium  and  Austria.  In  these 
galleries  tests  of  explosives  are  made  in  the  presence  of  gas  and  dust,  and 
some  dust-explosion  experiments  have  been  conducted,  but  the  galleries 
are  too  short  to  enable  conclusions  to  be  drawn  regarding  the  wave  move- 
ments of  explosions  except  to  a  limited  extent  in  the  underground  gallery 
at  Rossitz,  Austria.  The  new  Westphalian  surface  gallery  near  Dort- 
mund, Germany,  now  100  m.  long,  it  is  intended  will  be  enlarged  and  in  the 
future  experiments  will  doubtless  be  conducted  of  a  size  and  thorough- 
ness comparable  with  those  being  carried  on  at  Eskmeals  and  Lievin. 

CoalrDust  Experiments  CondiLcted  by  the  Bureau  of  Mines 

The  coal-mining  industry  of  the  United  States,  as  compared  with  that 
industry  in  European  countries,  was  very  backward  in  taking  up  ex- 
perimental investigations  relating  to  coal  dust,  although  mine  explosions 
attributed  to  coal  dust  had  happened  with  sad  frequency.  Just  why  more 
active  interest  was  not  taken  in  experimental  investigations  is  not  ap- 

*See  Record  of  the  First  Series  of  the  British  Coal-Dust  Experiments,  1910. 
'  See  series  of  publications  issued  by  the  Comit6  Central  des  Houill^res  de  France, 
1909  to  date.  ^  t 
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parent,  because  the  magnitude  of  the  industry  in  this  country  fully  war- 
ranted such  investigations.  Neither  the  individual  operators  or  associa- 
tions nor  States  took  the  matter  up,  although  Pennsylvania  alone  mines 
more  coal  annually  than  any  foreign  country  except  Great  Britain  and 
Germany.  Finally,  however,  in  1907,  such  a  series  of  disastrous  mine 
explosions  occurred  that  the  country  was  aroused,  and  Congress  ap- 
propriated money  for  the  investigation  of  mine  explosions  and  other  mine 
accidents,  which  subsequently  led  to  the  formation  of  the  Bureau  of 
Mines.  Thus  the  first,  and  so  far,  the  only  large-scale  coal-dast  experi- 
ments conducted  in  this  country  were  started  by  the  Federal  government 
at  the  Pittsburg  station,  established  in  the  fall  of  1908.  During  the  first 
year  the  Pittsburg  gallery,  a  100-ft.  steel  tube,  6J  ft.  in  diameter,  was 
devoted  to  the  testing  of  the  so-called  "safety  explosives"  in  the  presence 
of  gas  and  dust,  to  establish  a  permissible  list  of  those  that  passed  the  tests; 
but  in  the  following  year  a  preliminary  series  of  experiments  was  con- 
ducted in  the  gallery  to  obtain  information  concerning  the  explosibility 
of  coal  dust,  and  how  the  danger  might  be  neutralized.  Information  on 
the  following  points  was  sought: 

1.  To  determine  how  small  a  quantity  of  coal  dust  will  propagate  an 
explosion. 

2.  To  find  the  coarsest  sizes  of  dust  that  will  propagate  an  explosion. 

3.  To  determine  Jaow  much  moisture  coal  dust  must  contain  to 
prevent  ignition  and  propagation. 

4.  To  observe  the  effect  of  foreign  inert  matter  or  ash  upon  ignition 
and  propagation  of  an  explosion. 

These  tests  were  largely  conducted  with  dust  ground  from  coal  of 
the  Pittsburg  bed,  which  is  considered  to  produce  dust  of  the  most 
inflammable  character.  It  was  found  that,  when  very  fine  (through 
200  mesh),  as  small  a  quantity  of  dust  as  32  g.  per  cubic  meter  of  space 
(0.032  oz.  per  cubic  foot)  would  ignite  and  propagate,  at  least  within  the 
short  limits  of  the  explosive  zone  employed.  (See  BuJletin  No.  20, 
U.  S,  Bureau  of  Mines,  Explosibility  of  Dust.) 

As  regards  the  second  inquiry,  it  was  found  that  with  coal  screened 
through  a  20-mesh  screen  and  over  40  mesh,  ignition  and  partial 
propagation  would  ensue,  and  as  it  had  been  found  that  with  every  in- 
crease in  the  igniting  charge,  up  to  the  largest  amount  that  could  be  put 
in  the  cannon,  there  was  an  increasing  ease  of  ignition,  it  seemed  probable 
that  a  larger  charge  of  powder  in  the  initiating  shot  would  cause  com- 
plete propagation  of  dust  between  20  and  40  mesh.  It  was  therefore 
tentatively  decided  to  accept  20  mesh  as  the  dividing  line  between  small- 
sized  coal  and  what  might  be  considered  dust.  While  this  limit  is  em- 
piric, it  is  found  to  be  a  good  division  in  practice,  and  has  since  been 
adhered  to  in  gathering  samples  of  road  dusts;  if  larger  sizes  are  gathered, 
that  part  over  20  mesh  is  rejected. 
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In  the  third  inquiry,  as  to  the  effect  of  humidity  and  moisture,  it  was 
found  that  the  humidity  of  the  atmosphere,  itself  had  no  appreciable 
effect  upon  an  explosion  of  inflammable  dust,  but  when  the  moisture  con- 
tent of  the  dust  was  such  as  to  prevent  its  being  thrown  in  suspension, 
then  no  explosion  resulted.  These  features  have  since  received  abundant 
verification  by  numerous  tests  at  the  experimental  mine. 

As  regards  the  fourth  principal  inquiry,  only  a  few  tests  were  con- 
ducted to  determine  the  effect  of  the  ash  or  admixture  of  coal  dust  with 
foreign  material.  These  tests  indicated  that  the  presence  of  ash  up  to 
40  per  cent,  of  the  dust  of  the  kinds  experimented  with  did  not  prevent 
propagation;  that  in  one  instance  50  per  cent,  did  not  prevent,  but  in 
another  case  did  prevent  propagation. 

Conceroing  the  bearing  of  the  carbon-hydrogen  ratio  in  ignition 
and  propagation,  systematic  tests  like  those  conducted  in  France  by  Mr. 
Taffanel  were  not  made  on  account  of  insufficient  facilities,  but  those  that 
were  made  at  the  station,  and  subsequently  at  the  experimental  mine, 
confirm  his  findings  rather  than  those  of  the  English  investigators,  that 
the  ratio  is  of  great  importance;  that  is,  with  other  things  equal  (ash, 
moisture,  and  size  of  dust)  the  higher  the  percentage  of  volatile  combustible 
matter  the  more  easy  is  it  to  obtain  ignition,  and  also  propagation,  though 
this  does  not  mean  that  the  violence  of  an  explosion  once  started  is 
greater  with  a  dust  of  high  volatile  content.  It  means  that  the  flame 
of  the  source  of  ignition  must  be  hotter  or  of  longer  duration  with  dusts 
with  low  volatile  content. 

A  decrease  in  volatile  matter,  speaking  broadly,  decreases  the  range 
of  explosibility,  into  which  enter  the  factors  of  ash,  moisture,  size  of  dust 
particles,  structure  of  particles.  A  coal  dust  in  which  the  fixed  carbon 
is  more  than  four  times  the  volatile  combustible  is  harder  to  ignite  by 
a  blown-out  shot,  or  an  electric  arc,  than  one  in  which  the  ratio  is  2  to 
1  or  3  to  1.  Anthracite  that  has  a  ratio  of  10  to  1  or  over  has  so  far  not 
proved  to  propagate  an  explosion  even  with  a  small  percentage  of  fire- 
damp present,  but  semi-anthracite  in  which  the  ratio  is  less  than  10  to 
1  has  shown  propagation  with  2  per  cent,  of  firedamp  present,  but  not 
without  it. 

Welsh  anthracite  dust  is  considered  by  the  British  investigators  as 
explosive,  and  they  cite  experiments  in  which  charcoal  dust  proved  ex- 
plosive, to  show  that  there  is  danger  from  anthracite  dust  without  regard 
to  the  volatile  matter  present. 

It  was  found,  as  had  been  anticipated,  that  the  gallery  was  too  short, 
being  only  100  ft.  long,  to  carry  out  explosion  experiments  which  could 
be  considered  at  all  conclusive  as  regards  propagation.  From  the  begin- 
ning it  had  been  expected  that  large-scale  experiments  would  be  carried 
on  in  the  underground  entries  or  headings  of  a  mine  as  soon  as  one  could 
be  secured.     Accordingly,  the  following  year,  1910,  plans  were  definitely 
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made  looking  to  securing  such  a  mine.  No  old  mine  suitable  for  the  pur- 
pose was  found,  and  it  was  finally  decided  to  open  up  a  mine  by  stages, 
primarily  for  the  purpose  of  coal-dust  explosion  tests.  The  mine  was 
opened  when  the  state  of  the  allotments  permitted,  and  was  prepared  for 
the  preliminary  test  at  the  end  of  1911. 

.  Fifteen  explosion  tests  of  a  preliminary  nature  were  conducted'  in 
1911  and  1912.  The  work  was  then  suspended  on  account  of  the  funds 
being  exhausted.  The  mine  was  enlarged  the  early  part  of  the  fiscal 
year  1912-1913  and  a  few  experiments  conducted  during  the  sessions  of 
the  International  Mine  Experiment  Station  Conference,  held  at  Pitts- 
burg, in  1912.  For  the  fiscal  year  1913-14  funds  were  allotted  which 
permitted  carrying  on  a  most  important  series  of  over  100  mine-explosion 
experiments,  the  results  of  which  are  now  being  tabulated  and  prepared 
for  publication. 

The  mine  consists  of  two  parallel  entries  (see  Fig.  1),  driven  into  the 
Pittsburg  coal  bed  from  the  outcrop.  These  are  now  1,300  ft.  in  length. 
The  right  entry  of  the  pair  is  called  the  "main  entry"  and  the  left  entr}' 
is  called  the  "air  course."  There  is  a  stub  100  ft.  in  length,  turned  at 
right  angles  oflf  the  main  entry  at  a  point  775  ft.  from  the  mouth;  and  a 
pair  of  butt  entries  turned  at  right  angles  off  the  air  course,  the  first  of  which 
is  850  ft.  from  the  mouth.  During  the  recent  tests,  or  what  is  termed  the 
"second  series  of  tests,"  these  entries  were  200  and  250  ft.  respectively  in 
length,  but  each  of  them  has  been  extended  100  ft.  during  this  past  sum- 
mer. Two  rooms  had  been  turned  at  right  angles  off  the  first  butt  entrj' 
during  the  second  series  of  tests,  and  now  two  more  rooms  have  been 
turned. 

At  150  ft.  from  the  mouth  of  the  air  course  a  diagonal  entry  comes  in 
from  the  outcrop,  and  at  the  outer  end  of  same  there  is  a  120-ft.  steel 
gallery,  which  by  several  offsets  is  connected  to  the  fan.  The  outer  200 
ft.  of  the  main  entry,  air  course,  and  slant  are  lined  with  reinforced  con- 
crete, but  the  early  explosion  experiments  badly  ruptured  and  broke  up 
this  lining  and  lifted  the  roof  over  the  entries  for  150  ft.  from  the  respective 
mouths.  The  inner  parts  of  the  entries  are  like  ordinary  entries  in  the 
Pittsburg  bed,  9  ft.  wide  and  from  6  to  7J  ft.  high.  The  coal  bed  itself 
varies  from  5  to  5 J  ft.  in  thickness,  over  which  there  is  a  draw  slate  from  a 
few  inches  to  1 J  ft.  thick,  and  above  this  a  top  coal,  which  so  far  has  fur- 
nished a  very  good  roof,  although  somewhat  skaken  in  places.  Fortu- 
nately, so  far,  very  little  timbering  has  been  required. 

In  the  main  entry,  and  in  the  inner  part  of  the  air  course,  large  in- 
strument stations  have  been  made  every  200  ft.  and  intermediate  to  these 
small  flame  and  pressure  circuit-breaker  stations.     The  main  instrument 


•See  Bidletin  No.  56,  U.  S.  Bureau  of  MineSy  First  Series  of  Tests  at  Experi- 
mental Mine. 
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stations  are  chambers  constructed  in  the  rib  and  lined  with  concrete,  with 
heavy  steel  plates  shutting  off  the  entry,  through  which  the  instruments 
are  connected  with  the  mine  atmosphere.  Doors  are  placed  to  one  side, 
permitting  entrance  in  behind  the  instruments  which  are  placed  upon 
shelves.  The  chief  instruments,  are  the  pressure  manometers  electrically 
rotated  for  recording  the  varying  pressures,  as  the  explosion  passes.  Pres- 
sure circuit  breakers  and  flame  circuit  breakers  for  interrupting  electric 
circuits  are  placed  in  the  main  instrument  stations,  and  also  in  the  small 
intermediate  stations.  The  stations  are  connected  by  wires  formed  into 
cables,  which  pass  through  pipes  placed  with  compressed  air  and  water 
pipes  in  a  horizontal  groove  in  the  rib.  This  is  faced  up  with  concrete 
for  protection  of  the  cable  and  pipes.  The  wires  go  to  the  observatory 
on  the  surface,  where  the  recording  instruments  are  located.  It  is  from 
this  observatory  that  the  explosions  are  started  by  firing  through  an  elec- 
tric circuit  blown-out  shots  of  black  powder  from  a  cannon.  Premature 
firing  is  safeguarded  by  cut-out  switches  at  the  mouth  of  the  mine  and  at 
the  observatory. 

The  mine  is  equipped  with  six  pressure  manometers,  three  being  like 
those  used  in  the  British  experiments,  and  three  like  those  employed  in  the 
French  tests.  These  may  be  moved  from  station  to  station,  in  accord- 
ance with  how  the  tests  are  arranged.  In  the  British  manometers,  the 
pressure  is  transmitted  through  a  bath  of  oil  to  a  plunger  operating  against 
a  triangular  spring  which  carries  the  scribing  style  and  that  traces  the 
pressure  curve  on  a  band  of  smoked  paper,  wrapped  around  a  revolving 
cylinder.  In  the  French  manometers,  the  pressure  acts  directly  on  a  small 
plunger  which  presses  on  a  small  deflecting  mirror.  A  beam  of  light  from 
an  incandescent  lamp  within  the  apparatus  is  reflected  on  to  a  photo- 
graphic paper  around  a  revolving  drum.  The  movement  of  plunger  and 
mirror  is  so  small  that  the  inertia  is  negligible.  For  both  kinds  of  man- 
ometers there  are  electrical  devices  and  timing  arrangements  for  mark- 
ing the  time  on  the  pressure  records  with  reference  to  the  igniting 
shot. 

Some  modification,  of  these  instruments  have  been  made,  and  it  is  ex- 
pected that  others,  embracing  new  features,  will  be  constructed  at  the 
Bureau's  instrument  shop. 

Connected  with  the  mine  there  is  a  grinding  plant  for  making  coal  dust, 
very  large  amounts  of  which  must  be  used  in  some  tests.  This  also  serves 
for  grinding  shale  dust  or  rock  dust  for  mixing  with  the  coal  dust  in 
determining  the  explosiveness  of  mixtures  of  different  percentages  of  ash 
and  for  use  in  explosion-checking  devices. 

The  fan  is  relatively  large  for  a  mine  of  this  size.  It  will  either  force 
or  exhaust  about  50,000  cu.  ft.  of  air  per  minute,  and  is  quickly  reversible. 
The  offsets  in  the  air  passages,  with  a  number  of  explosion  doors,  permit 
running  the  fan  either  way  desired  while  an  explosion  is  taking  place. 
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A  natural-gas  pipe  line  passes  near  the  mine,  and  a  connection  has  been 
made  to  same  so  as  to  permit  the  introduction  of  gas  into  the  mine. 

The  mine  itself  is  in  what  might  be  termed  a  "peninsula"  of  the  coal 
bed,  being  surrounded  by  the  coal  outcrop,  except  on  one  side  parallel 
with  the  main  entry.  Firedamp  is  not  found  to  an  appreciable  extent. 
Many  analyses  of  samples  taken  even  when  there  had  been  no  ventilation 
for  some  time  have  not  shown  more  than  a  few  hundredths  of  1  per  cent, 
methane  and,  with  a  moving  current,none,  or  occasionally*  a  trace,  can 
be  detected  by  analysis. 

Method   of  Carrying   on   CoaUDust   Explosion    Tests 

Loading  oj  Coal  Dust — ^The  coal  dust  for  the  tests  cannot  be  placed  on 
the  floor  of  the  entry,  as  is  the  practice  in  European  galleries,  because  the 
floor  is  frequently  wet,  and,  as  is  the  case  in  commercial  mines,  the  track 
road  bed  is  more  or  less  rough.  In  all  the  tests  except  recently  the  coal 
dust  was  placed  on  side  shelves  of  3  by  4  timbers,  fastened  by  bolts  to  posts 
recessed  into  the  ribs,  or,  in  the  concreted  section,  bolted  directly  to  the 
concrete.  There  are  five  shelves  on  each  side  of  the  passageway.  It  was 
thought  that  the  shelves  being  parallel  with  the  path  of  the  explosion,  and 
being  strongly  bolted  to  the  posts,  which  in  turn  are  fastened  by 
heavy  iron  bands  into  the  rib,  would  not  be  damaged  by  the  explo- 
sions. This,  however,  has  not  proved  to  be  the  case  when  the  explosion  is 
of  a  violent  nature.  This  method  of  loading  on  the  side  shelves  proved 
entirely  successful  when  pure  coal  dust  was  used,  and  the  mine  was  dry; 
but  when  the  walls  were  wet,  also  in  mixed-dust  tests,  all  of  the  dust  was 
not  brought  into  suspension,  and  inconsistencies  were  found.  Accordingly 
a  system  of  cross  shelves,  placed  close  to  the  roof,  was  employed  to  supple- 
ment the  side  shelves.  Such  cross  shelves  correspond  to  the  collars  of 
timber  sets  in  a  commercial  mine.  It  was  found  that  this  made  a  great 
change  in  the  results  of  tests  where  the  dust- was  near  the  border  line  of 
explosibility,  and  enabled  the  obtaining  of  consistent  results,  regardless  of 
whether  the  walls  and  floor  were  wet. 

Method  of  Ignition, — Explosions  are  initiated  by  blown-out  shots,  as  is 
the  usual  method  abroad.  It  is  much  the  easiest  method,  as  compared 
with  employing  a  body  of  firedamp.  In  the  earlier  demonstrations  the 
shots  for  blowing  out  were  placed  in  the  face  and  cased  with  pipe  in  order 
to  insure  the  blowing  out.  This  method,  while  successful,  takes  more 
time  to  arrange,  and  also,  as  some  energy  is  expended  on  the  walls  of  tjie 
drill  hole,  the  pipe  usually  being  burst,  more  consistent  results  were  ob- 
tained by  the  use  of  a  cannon  with  a  bore  hole  of  about  2f  in.,  and  20  in. 
deep.  Black  powder  was  used  in  almost  all  cases,  the  charge  usually  be- 
ing 4  lb.,  stemmed  with  clay.  Circuit-breaker  wires  are  placed  across  the 
mouth  of  the  drill  hole,  so  that  the  moment  of  firing  may  be  recorded.     As 
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already  stated,  the  shots  are  fired  electrically  from  the  observatory,  and 
switches  at  the  mouth  of  the  mine  cut  out  all  wires  entering  the  mine  until 
every  one  has  left  the  mine.  The  mining  engineer  in  charge  and  the  mine 
foreman  connect  up  the  shot-firing  wires  to  the  detonator  leads  after  ever>'- 
one  else  is  out  and  then  come  out  themselves. 

Point  of  Ignition, — In  the  majority  of  tests  the  ignition  shot  was  placed 
at  the  face  of  the  main  entry,  pointing  outward,  parallel  to  the  axis,  the 
coal-dust  loading,  either  pure  or  mixed,  extending  outbye  from  the  shot 
in  whatever  arrangement  may  have  been  planned.  The  cannon  is  placed 
either  on  a  mine  truck,  or  latterly  on  the  floor  of  the  gallery,  and  a  plat- 
form of  boards,  nailed  to  the  ties,  extends  outward  from  the  cannon.  On 
this,  25  lb.  of  dust  is  scattered. 

In  a  few  cases  two  cannons  were  used,  and  a  cross  fire  obtained,  but 
the  shock  waves  from  the  two  shots  complicated  some  of  the  manometric 
records  so  that  a  single  shot  was  considered  preferable.  In  some  of  the 
later  tests  the  ignition  point  was  in  a  short  stub  off  the  last  crosscut  mid- 
way in  the  pillar  between  the  two  entries.  This  was  in  order  to  secure 
double  tests,  using  both  the  air  course  and  entry.  These  entries  fur- 
nish symmetrical  conditions.  In  two  tests  the  ignition  shot  was  located 
at  the  head  of  the  first  left  stub,  and  in  a  few  other  cases  there  was  special 
placing  of  the  ignition  shot. 

Necessarily  many  tests  were  made  to  standardize  the  method  of  igni- 
tion, the  method  of  loading,  and  the  instruments.  The  first  objects  were 
to  find  out  how  coal  dust  was  ignited,  and  how  the  explosion  was  propa- 
gated from  point  to  point;  the  pressure  waves  set  up  by  the  explosion; 
the  movements  of  the  pressure  waves;  the  relation  of  the  rise  and  fall  of 
pressure  at  different  points  in  the  course  of  an  explosion;  the  position 
of  the  flame  with  reference  to  the  pressure  waves;  the  velocity  with  which 
the  pressure  waves  and  the  flame  travel  under  different  conditions,  and 
the  character  of  the  combustion  as  far  as  that  could  be  determined  by  the 
gathering  of  gas  samples  automatically  at  different  stages  of  the  explosion. 

The  second  object  was  the  determination  of  the  effect  of  mixtures  of 
shale  dust  or  limestone  dust  on  the  ignition  and  upon  the  propagation. 
In  this  connection,  the  term  *'  ignition  "  means  the  prolongation  50  to  100 
ft.  or  more  of  flame  originated  by  the  shot;  the  term  "propagation"  refers 
to  continuation  of  flame  throughout  the  mixture  or  dust  being  tried. 

At  this  point  it  may  be  well  to  explain,  as  far  as  our  present  knowledge 
goes,  the  way  in  which  an  explosion  starts  and  propagates.  When  the 
igniting  shot  of  black  powder  is  fired,  a  flame  is  projected  from  the  hole 
for  10  to  15  ft.  the  distance  depending  on  the  size  of  the  charge  and  size 
of  the  grains  of  powder.  This  starts  a  shock  wave,  which  travels  at  the 
rate  of  a  sound  wave.  Tests  in  the  mine  have  determined  that  this 
travels  in  the  passageways  at  an  average  speed  of  1,150  ft.  per  second. 
The  effect  on  the  sensitive  French  manometer  is  to  cause  a  sharp  rise 
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from  the  zero  line  to  a  point  where  a  pressure  of  3  to  4  lb.  is  indicated. 
This  line  is  jagged,  showing  vibratory  movements  of  the  wave.  The 
shock-wave  pressure  decreases  in  intensity,  though  not  in  velocity,  as  it 
progresses,  and  is  barely  discernible  on  the  pressure  instruments  (which 
measure  the  side  pressure  only)  located  500  to  600  ft.  from  the  cannon. 
A  portion  of  the  dust  on  the  floor  platform  is  raised  by  the  blast,  and  is 
ignited  by  the  flame  of  the  explosive.  This  burns  rapidly,  and  other  dust 
brought  from  the  side  shelves  by  the  eddying  of  the  air  currents  is  carried 
into  the  zone  of  combustion.  As  far  as  the  manometers  show,  there  is  an 
interval  of  i  sec,  more  or  less,  before  the  pressure  produced  by  the  burn- 
ing dust  becomes  appreciable.  If  the  zone  of  dust  loading  is  short,  or  if 
there  is  a  high  proportion  of  ash  so  that  the  mixture  is  barely  explosive, 
the  initial  pressure  near  the  origin  will  not  be  more  than  a  pound  or  two, 
but  with  pure  dry  dust  the  pressure  will  rise  rapidly.  The  flame  from  the 
burning  dust  takes  from  half  a  second  to  a  second,  depending  on  the  con- 
ditions, to  traverse  the  first  100  ft.  In  a  pure  coal-dust  explosion,  the 
second  hundred  feet  is  traversed  more  rapidly,  that  is  from  i  to  J  sec.  or 
less,  and  from  this  point  onward  the  velocity  rapidly  increases  until  ve- 
locities of  2,000  ft.  per  second  and  upward  are  attained.  As  the  ex- 
plosion progresses  in  an  explosive  dust  cloud,  the  pressure  rapidly  rises, 
and  at  a  point  350  ft.  from  the  origin  pressures  of  63  lb.  per  square  inch 
have  been  attained,  at  550  ft.  from  the  origin  pressures  of  73  lb.,  and  at  750 
ft.  119  lb.  per  square  inch  have  been  reached.  Where  an  explosion  is 
abruptly  checked  by  means  of  barriers  it  is  found  that  the  maximum  pres- 
sure is  attained  at  the  moment  of  passage  of  the  flame,  but  there  is  a 
pressure  wave  in  advance  of  the  flame.  This  is  the  unfortunate  feature 
which  permits  propagation  of  a  dust  explosion,  inasmuch  as  the  dust  is 
raised  by  this  pressure  wave.  The  English  term  it  the  ''pioneering 
wave." 

When  the  coal  dust  is  uniformly  loaded,  and  is  of  a  highly  explosive 
character,  the  pressure  from  point  to  point  keeps  on  rising,  as  far  as  can 
be  determined  within  the  length* of  the  passage  of  the  experimental  mine; 
as  this  increasing  pressure  wave  advances,  reflex  waves  are  thrown  off 
which  go  back  toward  the  origin  through  the  column  of  moving  gases. 
In  other  words,  at  the  area  of  high  pressure,  waves  go  in  both  directions 
to  the  areas  of  low  pressure.  This  explains  many  of  the  anomalous 
features  which  have  puzzled  investigators  of  disastrous  mine  explosions. 
That  is,  evidence  of  violent  movements  in  the  direction  opposite  to  that 
of  the  explosion  are  sometimes  observed.  At  the  experimental  mine 
large  wooden  blocks,  marked  for  identification,  have  been  placed  at 
regular  intervals,  and  in  an  explosion  of  increasing  intensity  it  is  found 
that  up  to  the  point  where  the  maximum  pressure  has  been  reached  the 
blocks  have  gone  toward  the  origin,  and  beyond  this  point,  outbye  or 
in  the  direction  of  the  advance  of  the  explosion. 
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The  same  phenomenon  has  been  demonstrated  in  some  tests  by  plac- 
ing loaded  mine  ears  at  intervals  along  the  passageway;  these  have  been 
moved  toward  the  origin  in  the  instances  where  the  maximum  pressure 
was  attained  beyond,  although  doubtless  they  first  moved  outward  as 
the  explosion  wave  passed  before  being  hurled  inward.  In  one  instance 
a  loaded  car  was  thrown  toward  the  origin  147  ft.  and  overturned. 

It  is  frequently  a  matter  of  speculation  in  the  investigation  of  ex- 
plosion disasters,  what  pressures  may  be  attained  to  produce  the  dis- 
ruptive effects  observed.  With  abundant  inflammable  dust  there 
seems  to  be  no  limit,  as  the  effect  is  cumulative.  Let  us  suppose  the  pres- 
sure has  attained  120  lb.  per  square  inch,  or  about  eight  atmospheres, 
there  are  then  eight  times  as  many  atoms  of  oxygen  present  in  a  cubic 
foot  as  there  were  in  a  cubic  foot  at  the  initiation  of  the  explosion,  so 
that  if  there  is  enough  dust  present  to  combine  with  all  the  oxygen  there 
is  eight  times  the  energy  liberated  by  the  combustion  per  unit  of  space 
as  at  the  beginning  of  the  explosion. 

As  the  explosion  attains  high  velocity,  the  compression  of  each  suc- 
cessive layer  of  air  ahead  is  probably  nearly  adiabatic,  so  that  the  tem- 
perature of  the  air  and  dust  is  instantly  raised  to  the  point  of  combus- 
tion. Therefore  actual  transfer  of  heat  from  point  to  point  by  radiation 
and  convection,  which  would  be  necessary  at  the  beginning,  might  not  be 
when  the  velocity  of  the  explosion  was  2,000  to  3,000  ft.  or  more  per 
second. 

Composition  of  Afterdamp 

The  investigation  of  explosion  phenomena  would  not  be  complete 
without  obtaining  samples  of  the  resultant  gases  and  analyzing  and 
correlating  them.  In  the  French  gallery  the  samples  were  taken  in 
evacuated  flasks,  the  glass  stems  of  which  projected  into  the  gallery  and 
were  ruptured  by  the  explosion  and  the  gases  forced  into  the  flask.  Ob- 
servers could  immediately  after  the  explosion  turn  off  the  stop  cocks  of 
the  flasks.  This  method,  was  not  practicable  in  the  mine,  so  various 
arrangements  were  made  to  seal  automatically  the  flask  connections, 
but  there  was  some  uncertainty  about  the  time  the  sealing  was  done. 

In  the  British  Altofts  tests  automatic  sampling  bottles  were  employed 
and  a  similar  one  was  tried  at  the  experimental  mine,  but  it  did  not 
prove  suitable  to  the  conditions. 

A  special  automatic  sampler  was  then  devised  and  built,  in  which 
there  are  three  evacuated  steel  bottles,  the  glass  ones  first  used  being 
frequently  broken,  although  put  in  a  recess  in  the  rib  and  protected  by 
a  heavy  steel  cover.  Each  bottle  has  the  end  closed  by  a  thin  plate  of 
glass;  a  special  mechanically  operated  plunger  breaks  the  glass  and  seats 
itself  like  a  cork  in  the  metal  neck.  This  mechanical  arrangement  is 
set  in  motion  by  the  interruption  of  an  electric  circuit  through  the  burn- 
Digitized  by  VjOOQ  IC 


INVESTIGATIONS   OP  COAL-DUST  EXPLOSIONS 


2473 


ing  out  of  a  tin-foil  strip  exposed  to  the  flame  of  the  explosion.  A  clock 
work  controls  the  time  of  operating  the  mechanism  of  the  second  and 
third  bottle,  which  can  be  regulated  to  obtain  any  desired  time  intervals. 
The  time  between  the  burning  out  of  the  tin-foil  strip  and  the  closing  of 
the  first  bottle  is  very  small;  tests  have  determined  it  to  be  but  0.03  sec. 
It  could  not  be  made  less  and  obtain  a  full  sample  in  spite  of  the  evacua- 
tion of  the  bottles  and  the  exterior  pressure  of  the  gases;  as  it  now  operates 
sometimes  the  bottle  is  only  partly  filled  at  atmospheric  pressures. 

At  first  the  tin  foil  for  starting  the  operation  was  placed  at  the 
sampling  point,  but  in  recent  tests  it  has  been  placed  100  ft.  nearer  the 
origin  in  the  effort  to  secure  samples  either  in  the  first  or  second  bottle, 
which  would  show  the  preliminary  stages  of  the  combustion.  The  diffi- 
culty of  getting  decisive  results  regarding  this  early  chemical  change  is 
that  the  samples  necessarily  are  taken  on  the  side  of  the  passageway. 
The  desired  point  would  be  at  the  center,  but  the  violence  of  the  ex- 
plosions makes  this  difficult,  though  some  method  may  yet  be  devised  of 
accomplishing  it.  It  is  known  from  Mr.  Taffanel's  investigation  in  his 
surface  gallery  that  the  flame  of  the  explosion  first  advances  on  the  center 
of  the  passageway,  the  point  of  flame  being  from  a  few  feet  to  many  feet 
in  advance  of  the  flame  at  the  walls. 

The  analyses  of  the  samples  at  the  experimental  mine  are  most  in- 
teresting, but  it  is  too  early  to  draw  conclusions  therefrom.  Two 
typical  sets  of  analyses  from  the  automatic  sampler  are  as  follows: 


Test 
No. 


No.       Seconds* 
of       I  after  Pass- 
Sample  I  age  Flame 


CO2    I    CO         O, 


N 


CH4 


C,H4 


$ 

1 

1 

'  0.04'' 

13.56 

5.36 

1.03 

75.21 

1.15 

2.38 

1.31 

92 

2 

1  0.55 

7.93 

5.14 

7.05 

76.34 

0.97 

2.45 

0.12 

3 

3.00 

9.98 

7.38 

2.60 

74.76 

1.51 

3.52 

0.25 

1- 

1+0.04'' 

0.60 

0.35 

19.82 

79.18 

0.05 

0 

0 

114 

2 

1  0.33 

0.71 

0.20 

19.69 

79.20 

0.30 

0 

0 

3 

1.63 

I 

7.56 

6.92 

4.35 

75.96 

1.41 

3.63 

0.18 

*  Normal  air. 

*  Time  of  closing  valve  after  circuit  broken  by  flame. 

*  Probably  sample  gathered  later  through  lag  of  valve. 
^In  advance. 


Perhaps  the  most  interesting  feature  of  many  of  the  analyses  taken 
during  the  series  of  tests  is  the  increase  in  carbon  monoxide  in  the  second 
or  third  samples  over  that  in  the  first  or  second  sample  gathered  in  the 
respective  test. 
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Another  interesting  feature  is  the  distillation  of  the  coal  dust  after 
the  first  passage  of  the  flame.  In  Test  114,  the  analyses  from  which 
are  given  above,  the  first  sample  was  taken  before  the  explosion  reached 
the  sampler,  the  tin-foil  circuit  breaker  having  been  advanced  100  ft., 
the  second  sample  seems  to  have  been  taken  immediately  following 
the  first  dart  of  flame  before  the  combustion  was  general.  The  velocity 
of  the  flame  for  the  100  ft.  preceding  was  1,408  ft.  per  second  as  registered 
by  the  flame  circuit  breakers. 

Development  of  Mine-Explosion  Prevention  Methods 

It  is  needless  to  say  that  this  extensive  and  costly  experimentation 
would  not  have  been  undertaken  for  mere  demonstrations  that  coal  dust 
is  an  explosive  agency  (necessary  as  the  educational  work  was  for  the 
first  year  or  two).  The  final  object  was  to  obtain  such  knowledge  of 
the  phenomenon  that  practical  methods  could  be  devised  for  preventing 
or  limiting  mine  explosions.  The  first  consideration  of  operators,  natu- 
rally, is  the  prevention  of  ignition  of  coal  dust  by  use  of  the  well-known 
though  often  neglected  precautions  already  available,  such  as  the  em- 
ployment of  safety  lamps  in  mines  making  gas,  the  use  of  permissible 
explosives,  safe-guarding  electrical  installations,  lessening  the  produc- 
tion of  coal  dust,  rigid  inspection,  etc.  These  features  will  not  be  gone 
into,  but  we  will  confine  the  present  discussion  to  the  methods  of  making 
coal  dust  inert,  for  in  bituminous  and  lignite  mines  the  dust  is  always 
with  us,  so  it  must  be  made  harmless  in  one  way  or  another;  and  to 
explosion  checking  or  limiting  devices. 

Tests  in  the  Pittsburg  gallery,  and  many  practical  illustrations  in 
coal  mines  of  the  United  States,  had  already  demonstrated  that  coal 
dust  so  damp  that  it  cannot  be  brought  up  into  the  air  by  concussion, 
is  not  dangerous.  The  way  to  judge  whether  this  condition  is  attained, 
suggested  by  the  writer  of  this  paper  as  a  result  of  early  Pittsburg  tests, 
is  to  gather  a  handful  of  the  dust:  if  it  will  stay  balled  up  after  packing  in 
the  hand  it  will  not  be  raised  in  a  cloud  by  a  concussion  or  blast,  and 
therefore  will  be  harmless. 

Methods  of  wetting  coal  dust  have  been  experimented  with  at  the 
experimental  min^,  and,  as  in  commercial  mines,  great  difficulty  was  found 
in  wetting  pure  coal  dust  when  it  lay  in  piles,  either  by  humidifying  or 
direct  watering.  As  every  coal-mining  man  knows,  coal  dust  repels 
water,  and  water  may  run  over  it  or  under  it,  like  quicksilver,  without 
wetting  the  dust,  even  after  months  of  contact.  However,  in  commercial 
mines  where  the  walls  and  floor  are  thoroughly  wet,  the  particles  of  dust 
falling  on  the  road  will  tend  to  become  damp.  One  fact  has  recently 
been  found,  which  seems  to  be  of  great  value  in  aiding  the  wetting  of 
dust  by  watering  or  humidifying  methods,  namely,  that  where  coal  dust 
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is  mixed  with  shale  dust  or  Umestone  dust,  tlie  repulsion  of  the  coal  dust 
is  nullified  and  water  quickly  penetrates  masses  of  the  mixed  dust.  This 
suggests  that  where  watering  or  humidifying  methods  are  used,  it  would 
be  of  advantage  to  scatter  fine  shale  dust  through  the  mine,  or  prefer- 
ably limestone  dust  on  account  of  its  whitening  the  ribs,  roof,  and  floor, 
hus  making  the  illumination  of  the  passageway  easier. 

Dustless  conditions  have  been  proposed  as  a  preventive  of  dust  ex- 
plosions, to  be  obtained  by  attempts  to  clean  carefully  the  surfaces,  and 
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Coal-dust  loading  300  ft.;  outbye  this  the  entry  for  1,000  ft.  to  the  mouth  of  mine 
was  cleaned  by  sweeping  and  use  of  compressed-air  jets.  The  explosion  traversed 
the  so-called  dustless  zone,  and  flame  issued  from  the  mouth  of  the  mine.  In  the  air 
course,  150  ft.  from  the  last  open  cross  cut  there  was  a  Taffanel  barrier,  which  stopped 
the  explosion  in  that  direction. 

Fig.  2. — Diagram  of  Test  79. 


possibly  through  the  employment  of  vacuum  cleaners.  The  latter  have 
been  tried  in  Europe,  but  so  far  have  not  proven  effective,  as  there  was 
great  difficulty  in  cleaning  up  coal  dust  from  the  rough  surfaces  of  roof, 
walls,  and  floor.  Striking  illustrations  of  the  ineffectiveness  of  the  most 
careful  cleaning  have  been  demonstrated  by  the  attempts  to  secure 
dustless  zones  for  testing  purposes  at  the  experimental  mine.     It  is  neces- 
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sary  to  clean  very  carefully 'between  experiments,  and  this  is  done  by 
means  of  shovels,  brooms,  blowing  of  dust  from  the  walls  and  floor  with 
compressed  air,  aided  by  the  ventilating  current.  In  spite  of  these 
precautions,  in  tests  with  ignition  zones  of  coal  dust  at  the  head  of  the 
main  entry  of  only  100  to  300  ft.  in  length,  upon  being  ignited,  the 
explosion  has  gone  500  to  1,000  ft.  through  carefully  cleaned  entry  when 
the  walls  of  the  entry  have  been  dry.  In  one  such  instances  the  ex- 
plosion increased  in  intensity  as  it  went  out  (see  Fig.  2).  There  is 
another  factor  which  enters  into  this  besides  the  difficulty  of  cleaning 
the  fine  dust  out  of  crevices  and  recesses  in  the  ribs,  namely,  that  the 
air  wave  in  advance  of  the  flame  carries  timbers,  pieces  of  rock,  coal 
and  other  debris,  which  abrades  the  ribs,  and  it  seems  possible,  from  the 
tests  at  the  experimental  mine  and  observations  made  in  mine  disasters, 
that  this  may  be  an  additional  source  of  fuel  for  the  explosions,  especially 
in  mines  where  the  coal  is  friable.  In  considering  this  it  must  be  remem- 
bered how  little  dust  is  necessary  to  propagate  an  explosion. 

As  already  mentioned,  on  one  occasion  0.032  oz.  of  coal  dust  in  a 
cubic  foot  of  space  was  ignited  in  the  Pittsburg  gallery.  Mr.  TaflFanel 
reports  one  ignition  with  0.023  oz.;  and  obtained  explosions  quite  reg- 
ularly with  most  dusts  he  tested,  employing  only  0.070  oz.  per  cubic  foot 
of  space.  The  cross-section  of  the  experimental  mine  contains  about 
60  sq.  ft.,  which  for  the  amount  of  0.070  oz.  per  cubic  foot  of  space  would 
require  only  4.2  oz.  per  linear  foot  of  entry.  This  amount  distributed  on 
the  floor  and  the  two  ribs  would  make  but  0.19  oz.  per  square  foot  of 
surface,  or  a  layer  of  dust  less  than  0.003  in.  in  thickness.  Most  of  the 
experimental  mine  tests  are  made  with  five  times  this  amount  of  dust  in 
order  to  insure  maximum  conditions  for  an  explosion. 

Many  persons  do  not  realize  how  thick  a  dust  cloud  has  to  be  to  ob- 
tain ignition  which  propagates  beyond  the  immediate  influence  of  the 
igniting  flame.  It  has  been  found  in  laboratory  and  surface  gallery  tests 
at  Pittsburg,  that  a  cloud  of  dust  which  will  ignite  appears  very  dense 
to  the  eye;  in  fact,  in  small-scale  tests  made  with  electrical  ignition  it  is 
found  the  cloud  must  be  so  dense  that  it  entirely  obscures  a  16-c.p.  light 
placed  a  foot  from  the  glass  window.  Coal  dust  is  capable  of  extremely 
fine  subdivision.  It  has  been  shown  by  laboratory  tests,  as  well  as 
gallery  tests,  that  the  finer  the  dust  is  ground,  the  mofe  readily  it  is 
ignited.  Dust  through  200  mesh  is  the  standard  for  testing  in  the 
laboratory  inflammability  apparatus  at  the  Pittsburg  station.  In  the 
coal  dust  used  in  the  experimental-mine  tests,  about  80  per  cent,  of  it 
will  pass  through  a  200-mesh  sieve.  The  openings  of  a  standard  200- 
mesh  screen  are  0.0029  in.  square.  If  it  be  assumed  that  the  average 
size  of  the  particles  of  dust  passing  through  the  200-mesh  sieve  is  equiva- 
lent to  a  sphere  of  one-half  the  diameter  of  the  screen  opening,  or, 
0.00145  in.,  in  a  cubic  foot  of  such  dust  cloud  weighing  0.07  oz.  there 
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would  be  2,735,000,000  such  particles.  Microscopic  study  makes  it 
seem  probable  that  there  is  a  much  larger  number  of  coal  particles  in  a 
total  weight  of  0.07  oz.  The  vast  number  of  dust  particles  that  may  exist 
in  such  a  dust  cloud  makes  it  easier  to  comprehend  that  a  cloud  of  fine 
dust  behaves  essentially  like  an  inflammable  gas. 

Dry  dustless  zones,  at  least  where  these  are  in  entries  having  coal 
ribs,  proving  futile  to  stop  or  even  check  an  explosion;  the  alternatives 
are  to  wet  the  dust,  or  to  use  inert  dust.  Watering  throughout  a  mine, 
if  thoroughly  done,  is  unquestionably  a  preventive  of  coal-dust  explosions. 
Short  watered  zones,  however,  are  not  effectual,  as  the  excess  of  dust 
from  the  zone  behind  is  borne  along  by  the  advance  wave.  The  explosion 
tests  at  the  experimental  mine  which  have  been  made  during  the  spring 
and  summer  months,  through  natural  agencies,  have  had  to  be  conducted 
with  thoroughly  wet  walls  and  floor,  the  side  walls  and  roof  being  so  wet 
as  to  be  slimy  to  the  touch.  When  the  coal  dust  has  been  placed  on 
shelves,  particularly  cross  shelves,  the  wetness  of  the  walls  and  floor 
has  not  had  an  appreciable  effect  in  checking  the  violence  of  the  ex- 
plosion. Further,  the  flame  has  frequently  penetrated  along  dampened 
zones  500  to  600  ft.  in  length,  there  being  sufficient  coal  dust  carried  along 
by  the  explosion  to  sustain  combustion  throughout  such  zones.  Many 
similar  instances  are  found  in  explosion  disasters,  which  have  unfortu- 
nately led  some  to  believe  that  all  watering  is  ineffectual;  rather,  it 
points  to  the  necessity  of  having  the  watering  extend  throughout  the 
mine. 

Rock-Dust  Treatment. — The  use  of  rock  dust  as  a  preventive  of  ex- 
plosions was  first  urged  by  William  E.  Garforth,  as  a  result  of  his  ob- 
servations following  the  Altofts  explosion  disaster  of  1886,  that  certain 
airways  covered  with  rock  dust,  which  naturally  drops  from  the  roof  and 
sides  in  this  longwall  mine,  were  in  no  instances  penetrated  by  flame. 
It  is  generally  claimed  that  in  British  coal  mines,  also  in  French  and 
Belgian  mines,  extensive  watering  will  seriously  damage  the  walls  and 
roof;  although  in  Germany  thorough  watering  is  compulsory,  and  sprink- 
ling is  more  or  less  used  in  South  Wales. 

Largely  as  a  result  of  Mr.  Garforth's  influence  the  Altofts  gallery  was 
first  established,  and  one  of  the  objectives  was  to  try  out  rock-dust 
treatment,  ^lesulting  from  the  favorable  tests,  the  method  was  adopted 
immediately  at  the  Altofts  colliery,  and  subsequently  at  a  number  of  other 
collieries  in  Great  Britain.  The  method  was  therefore  tried  at  the  experi- 
mental mine,  largely  in  view  of  the  fact  that  many  mine  operators  of  the 
United  States  claimed  that  watering  methods  are  inefficient,  and  investiga- 
tion has  found  that  only  a  very  small  fraction  of  the  mines,  even  where 
watering  is  done,  wet  down  the  ribs  and  roof,  where  much  of  the  most 
dangerous  dust  (the  float  dust)  collects.  Again,  in  the  arid  Rocky 
Mountain  regions,  the  great  scarcity  of  water  and  extreme  dryness  of  the 
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air  entering  the  mine  make  watering  a  particularly  difficult  problem. 
Several  great  explosion  diasters,  which  have  occurred  in  that  district  in 
mines  where  considerable  watering  has  been  done,  indicate  the  need  of 
providing  other  means  than  watering  in  mines  in  which  there  is  great 
difficulty  in  properly  wetting  the  dust.  In  fact,  one  of  the  greatest  dis- 
advantages of  watering  methods  is  that  so  much  depends  upon  the  indi- 
vidual men  employed  to  do  the  watering,  for  it  must  be  done,  not  occasion- 
ally, but  every  day  in  the  year. 
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Pressure  at  station  950,  40  lb.     Flame  penetrated  through  the  shale-dust  zone  500  ft., 

but  did  not  ignite  the  coal-dust  loading  in  the  zone  beyond. 
Fia.  3. — Diagram  of  Test  No.  86,  to  Determine  Penetration  <#  Shale-Dcst 
Zone  with  a  Strong  Initial  Explosion  of  Pure  Dust. 


Humidifying  by  steam  jets  is  not  open  to  this  latter  objection,  and 
this  method  has  been  found  to  be  excellent  in  wetting  the  roof,  ribs, 
and  floor  in  tests  at  the  experimental  mine,  although,  as  already  stated, 
the  pure  dust  does  not  become  wet  when  it  is  in  undisturbed  layers  or 
piles. 

In  the  rock-dust  tests  at  the  experimental  mine  shale  dust,  obtained 
by  grinding  roof  material,  was  chiefly  employed.     This  was  not  ideal  in 
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that  it  contained  from  8  to  10  per  cent,  of  combustible  matter.  It  would 
be  better  if  shale  could  be  obtained  without  combustible  matter,  as  is  the 
case  with  many  of  the  roof  shales  found  in  Great  Britain.  However,  as  it 
is  a  material  which  is  convenient  and  available  throughout  the  fields  min- 
ing the  Pittsburg  bed,  from  which  a  large  percentage  of  the  bituminous 
output  of  the  country  is  derived,  it  was  thought  best  to  test  it  out  thor- 
oughly, especially  since  if  effectual  the  proportions' of  shale  to  coal  dust 
would  be  on  the  safe  side.  This  shale  dust,  distributed  along  side  shelves, 
was  successful  in  stopping  small  initial  explosions  of  coal  dust  in  a  few 
hundred  feet;  but  with  an  initiating  zone  of  300  ft.  of  coal  dust,  with  re- 
sultant high  pressures  of  30  to  50  lb.  per  square  inch  on  entering  the  shale- 
dust  zone,  the  flame  penetrated  from  250  to  650  ft. ;  as,  for  example,  in 
mine  test  No.  86  (see  Fig.  3  showing  flame  extent  and  velocity,  also 
pressure  records  at  certain  stations),  in  which  the  initial  pressure  from 
the  coal  dust  was  40  lb.,  the  flame  traveled  for  about  300  ft.  before  dying 
away.  In  Test  87,  in  which  the  pressure  was  but  30  lb.,  it  died  away  in 
less  than  250  ft. 

Limestone-dust  screenings,  which  are  a  waste  product  in  many  dis- 
tricts, were  also  tried  in  zonal  treatment,  but  owing  to  the  greater  specific 
gravity  of  the  limestone,  the  results  were  no  more  effectual  than  with  the 
shale  dust  placed  on  the  side  shelves,  although  the  limestone  contains  no 
combustible  matter. 

The  conclusions  drawn  from  these  tests,  and  others  in  which  the  rock 
dust  was  placed  on  cross  shelves,  are,  that  the  most  effectual  method  is  to 
place  the  dust  on  cross  shelves,  and  on  overhead  timbering,  if  there  be 
such;  then  the  advance  air  wave  causes  the  entire  dust  load  to  fall  in  a 
shower  and  practically  all  of  it  is  brought  into  play,  whereas  when  placed 
along  the  ribs  and  floor  it  is  not  so  easily  brought  into  suspension  when  the' 
explosion  pressures  are  low.  With  this  cross-shelf  arrangement,  which  is 
practically  a  continuous  Taffanel  barrier,  the  greater  specific  gravity  of  the 
limestone  dust  has  no  appreciable  disadvantage  since,  after  tests,  it  is 
found  widely  scattered,  and  on  the  other  hand  there  is  some  liberation  of 
carbon  dioxide,  which  further  tends  to  quench  the  combustion. 

In  connection  with  the  extinguishment  of  the  flame  of  an  explosion,  it 
is  interesting  to  note  that  in  an  effort  to  start  a  strong  ignition  of  coal  dust 
75  lb.  of  coal  dust  was  placed  on  eight  cross  shelves  from  immediately  in 
front  of  the  cannon  to  50  ft.  distant.  To  the  surprise  of  all  present  at  the 
test,  the  flame  did  not  pass  beyond  these  cross  shelves.  The  test  was  re- 
peated five  times  in  all,  with  the  same  results  except  in  one  case  when  pro- 
pagation occurred.  The  representatives  of  the  foreign  testing  stations 
were  asked  if  they  had  experienced  such  results.  Subsequently  M. 
Watteyne  of  Belgium  reported  he  had  tried  the  same  experiment,  and 
obtained  confirmatory  results.  Coal  dust  placed  in  this  way  appeared  to 
have  acted  like  a  rock-dust  barrier;  the  coal  dust  falling  rapidly  across 
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the  path  of  the  flame  cooled  it  below  the  ignition  point  of  the  dust.  It 
must  be  clearly  understood,  however,  that  an  excess  of  coal  dust  is  not  a 
protection  even  in  an  ignition  under  any  ordinary  circumstances,  as  it  is 
almost  impossible  to  conceive  of  its  being  similarly  placed  under  working 
conditions.  If  there  is  merely  an  excess  of  dust  on  the  floor,  or  in  the 
gob,  only  a  portion  of  it  rises  in  suspension,  which  would  ignite  and  propa- 
gate if  other  conditions  were  favorable.  In  other  words,  it  was  not 
simply  an  excess  of  dust,  as  there  was  no  more  than  in  the  usual  test, 
but  it  was  the  way  it  was  placed  so  that  it  dropped  across  the  initiatory 
flame  as  a  mass,  and  absorbed  the  heat.  It  was  interesting  to  note  that 
in  each  case  there  was  much  burning  dust  found  on  the  platform  in  front 
of  the  cannon  after  the  test.  When  there  is  an  excess  of  coal  dust  along 
the  entry  this  is  not  a  hindrance  to  an  explosion  as  the  advance  waves  carrj' 
it  along  until  the  flame  reaches  the  dust;  they  automatically  drop  it  if  the 
waves  slow  up.  Theoretically,  0.123  oz.  of  Pittsburg  dust,  if  burned  com- 
pletely, will  combine  with  the  oxygen  in  a  cubic  foot  of  space  at  ordinary 
pressures.  However,  when  an  explosion  becomes  violent  as  it  advances 
along  a  passageway,  the  pressures  may  rise  to  7  or  8  atmospheres  or  more; 
the  dust  cloud  at  such  a  point  must  contain  a  proportionately  larger  amount 
of  dust  to  use  up  or  combine  with  all  the  oxygen  in  a  given  space.  It  has 
been  observed  that  in  most  violent  mine  explosions  there  is  usuaUy  a 
great  excess  of  dust  over  that  necessary  to  combine  with  all  or  most  all  of 
the  oxygen  in  the  zone  of  violence. 

Rock-Dust  Barriers 

Despite  the  greatest  precautions  taken,  it  is  inevitable  that  dust 
explosions  will  occur  from  one  cause  or  another,  and  on  this  account 
it  is  deemed  advisable  that  there  should  be  a  secondary  line  of  defense 
to  limit  or  stop  them  from  going  out  of  the  originating  district.  Mr. 
Taffanel,  director  of  the  French  Station,  was  the  first  to  plan  what  has 
been  termed  a  "barrier."  He  tried  heaps  of  dirt  across  the  passageway 
and  observed  that  they  had  an  important  effect  in  choking  explosions 
Manifestly  such  methods  could  not  be  used  in  mines,  so  he  devoted  him* 
self  to  making  arrangements  which  would  give  equivalent  results.  This 
led  to  the  adoption  of  the  system  of  cross  shelves  placed  close  together, 
about  2  yd.  apart,  on  which  shale  dust,  flue  dust,  or  fine  ashes  was  placed, 
each  shelf  being  |  m.  (20  in.)  wide.  At  first  he  specified  10  such  shelves, 
but  later  as  a  result  of  further  experiments  he  found  it  advisable  to  in- 
crease the  number  to  15.  The  principle  of  this  is  that  the  air  wave  in  ad- 
vance of  the  flame  launches  the  large  mass  of  incombustible  dust  previously 
placed  on  the  shelves,  into  the  air  and  makes  a  dense  cloud,  which  cools 
the  flame  of  the  explosion.  This  arrangement  was  adopted  by  many  of  the 
mines  in  France.    At  the  experimental  mine  the  barriers,  which  in  com- 
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pliment  to  Mr.  Taffanel  are  termed  "Taflfanel  barriers''  (Fig.  4),  were 
employed  to  limit  the  zone  of  violence,  as  otherwise  it  would  have  been 
impossible  to  make  tests  frequently,  owing  to  the  extensive  damage  which 
results  from  explosions  of  pure  coal  dust,  when  permitted  to  traverse  over 
500  or  600  ft.,  to  the  interior  of  the  mine  and  the  roof  and  concrete  linings 
near  the  entrances ;  the  arched  linings  have  been  badly  disrupted  by  some  of 
the  extensive  explosion  experiments.     In  Fig.  5  is  shown  a  diagram  of  a 


Fig.  4. — Taffanel  Rock-Dust  Shelf  Barrier. 

test  in  which  the  flame  of  the  explosion  was  extinguished  by  the  rock-dust 
barrier,  the  pressure  dropping  from  119  to  12  lb.  in  400  ft.  The  barriers 
proved  uniformly  successful  in  stopping  explosions,  except  in  a  few  in- 
stances of  very  light  explosions  or  other  inflammations  where  the  flame 
passed  the  barrier.  There  is  also  the  disadvantage  that  where  the  air  cur- 
rent was  strong,  as  it  generally  is  along  the  haulage  ways  of  American 
mines,  the  dust  was  blown  from  the  shelves.  Again,  in  mines  where 
the  watering  system  is  employed,  the  dust  will  likely  become  dampened, 
and  when  wet  it  is  of  course  ineffectual  in  quenching  explosions. 

These  disadvantages  led  the  writer  to  design  some  special  forms  of 
inclosed  barriers  which  would  operate  with  lighter  pressures  than  the 
Taffanel  open  barriers.  There  are  two  forms  of  these:  One  the  box 
barrier,  where  six  boxes  containing   about  700  lb.  of  dust  are  hung 
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from  the  roof  and  timbers  across  the  entry.  In  the  final  design 
(Figs.  6  and  7)  the  arrangement  comprises  a  light  open  box  hung 
by  four  freely  suspended  rods,  with  eyes,  from  open  hooks  fastened 
in  the  roof  or  overhead  timbering.  The  box  within  limits  may 
swing  freely;  when,  however,  the  movement  is  over  f  in.  or  there- 
abouts from  the  middle  position,  the  two  suspending  rods  on  the  side 
toward  which  the  movement  is  directed,  which  fasten  to  the  bottom  edge 


u 
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uui 

Explosion  test  of  pure  Pittsburg  coal  dust,  800  ft.  zone,  ignited  at  face  of  main 
entry.  Explosion  started  with  unusual  slowness,  but  developed  into  one  of  great 
violence,  maximum  pressure  at  station  550  being  119  lb.  The  explosion  in  main 
entry  was  stopped  by  the  Taffanel  barrier  at  end  of  coal-dust  zone.  The  coal-dust 
zone  outbye  this  was  not  ignited,  and  the  pressure  fell  from  119  lb.  at  station  550  ft. 
from  mouth  to  12  lb.  at  station  150.  In  the  air  course  the  coal-dust  loading  extended 
for  250  ft.;  outbye  this  there  was  a  300-ft.  zone  of  shale  dust,  with  coal  dust  beyond. 
The  flame  penetrated  through  the  shale-dust  zone,  but  did  not  ignite  the  coal  dust 
beyond.     The  explosion  showed  very  violent  results  in  the  interior  of  the  mine. 

Fig.  5. — Diagram  of  Test  46. 


of  the  box,  are  struck  by  cleats  fastened  to  the  upper  edge  of  the  box,  and 
if  the  movement  is  sustained  by  the  advance  wave  of  the  explosion,  the  eyes 
of  the  suspending  rods  are  pushed  off  the  open  hooks  and  the  box  swings 
downward,  pivoting  on  the  points  of  suspension  of  the  rods  on  the  opposite 
side  of  the  box.  The  rock  dust  in  the  box  is  partly  discharged,  but  some  is 
held  by  the  bottom  of  the  box  which,  is  constructed  of  two  loose  boards 
resting  on  cleats  attached  to  the  side  of  the  box.     The  boards  are  hung 
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by  chains  attached  to  the  roof  or  overhead  timbers,  which  permit  the 
boards  to  drop  3  or  4  in.,  then  they  are  caught  by  the  chains  so  that  a 
portion  of  the  rock  dust  is  held  on  them,  unless  the  explosion  is  so  vio- 
lent that  all  parts  of  the  box  are  ruptured.  In  the  latter  event  the  rock 
dust  is  automatically  launched  and  mixed  with  the  air  and  coal-dust  cloud. 


^^//Af^//My//y.  'v//A^/////////^///A  y////Y/////y//'/(///yy.  y////////////m/'///f  v/yy(/////y//^y//.  Y///^//u///^U/, 

...^.  „„^,.  ^.  .,^,„. 


^yy/////////////////////^^^^^ 


r^/////Y^//f//^^^ 


yy/y/yy. 


Fig.  6. — Rice-Box  Barrier. 

The  arrangement  of  hanging  the  bottom  boards,  which  allows  some  of 
the  retained  dust  to  sift  down  slowly,  is  to  take  care  of  the  more  difficult 
situation  brought  about  in  light  explosions,  when  there  may  be  a  con- 
siderable time  interval  between  the  advance  air  wave  and  the  flame.     It 
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has  the  further  merit  that  if  a  box  is  accidentally  tripped  off,  the  bulk  of 
the  weight  is  cauglit  by  the  chains,  and  it  is  not  believed  a  serious  injury 
would  be  caused  to  a  man  who  might  be  caught  underneath. 

To  protect  the  rock  dust,  in  an  ordinary  mine  working,  from  becoming 
damp  or  admixed  with  float  coal  dust,  the  box  should  be  covered  by  a 
waterproof  cloth  attached  over  the  center  line  of  tlie  box  to  the  roof, 
so  that  as  the  box  dumps  the  cloth  is  automatically  pulled  from  its  top* 

As  indicated  above,  there  is  less  difficulty  in  stopping  a  violent  ex* 
plosion  than  a  hght  one,  because  in  ttie  violent  explosion  the  whole 


Fio.  7.— Box  Rock-Dust  Bareier. 


maas  is  disrupted,  and  the  rock  dust  forms  a  thick  cloud  of  inert  dust. 
Many  tests  have  shown  that  the  rock  dust  from  tlie  boxes  is  ver>^ 
widely  distributed;  and  when  limestone  dust  is  used  it  can  be  observed 
ejected  from  the  n^outh  of  the  mine  by  the  air  blast. 

Another  form  of  barrier,  which  is  illustrated  by  Figs.  9,  10,  and  11, 
is  termed  the  ''concentrated  barrier/^  In  this  the  rock  dust  is  placed  on 
a  large  platform  hung  close  to  the  roof.  The  i>latform  consists  of  boards, 
hinged  separately  to  a  cross  timber,  and  held  up  at  the  other  end  by  an 
angle  iron.  This  angle  iron,  in  turn,  is  held  up  by  a  system  of  levers 
which  are  tripped  by  vanes.  There  are  advance  vanes  connected  by  a 
wire  with  the  lever  which  pushes  upon  the  tripping  lever.     In  the  experi- 
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ments  at  Bruceton  the  advance  vane  has  been  placed  about  100  ft. 
from  the  concentrated  barrier.  As  erected  in  a  commercial  mine  there 
would  be  a  similar  vane  on  the  other  side,  as  the  barrier  is  symmetrical 
and  will  extinguish  an  explosion  approaching  from  either  side.  In  case 
of  possible  accidental  tripping,  and  danger  when  a  man  or  trip  of  cars  is 
passing,  the  inner  end  of  each  of  the  platform  boards  is  fastened  by  a 
loose  chain  to  the  roof,  or  to  a  cross  timber,  permitting  only  a  limited 
drop.  As  hitherto  arranged,  half  of  the  boards  dropped  about  9  in., 
and  the  other  half  about  18  in.  The  platform  holds  about  3  to  4  t^ns  of 
rock  dust,  and  is  quite  compact,  occupying  the  space  between  timber 
sets,  which  are  placed  7  ft.  apart.     In  mines  with  low  roof  it  may  be 


Fig.  9. — Concentrated  Barrier,  Showing  Under  Side  of  Same,  and  Bumping 
Vane  in  Front;  Also  Tripping  Wire  from  First  Vane,  100  Ft.  in  Advance. 


necessary  to  brush  down  the  top  to  make  room.     The  appearance  of  the 
barrier  in  passing  under  it  is  like  that  of  an  ordinary  overcast. 

'  The  leverage  system  of  operating  the  concentrated  barriers  can  be 
arranged  so  that  it  will  operate  with  almost  any  desired  pressure.  As 
arranged  at  the  experimental  mine,  it  will  not  discharge  until  the  pressure 
is  equivalent  to  that  of  a  wind  of  about  40  miles  per  hour  (3,500  ft.  per 
minute).  In  other  words,  a  heavy  gale.  It  is  thought  that  the  proper 
places  for  such  concentrated  barriers  are  at  intervals  in  the  main  entries, 
and  in  each  side  entry  near  its  mouth,  so  that  if  the  mine  is  paneled,  an 
explosion  will  be  confined  to  one  panel. 
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It  is  interesting  to  note  that  Mr.  Taffanel  had  independently  decided 
that  it  was  desirable  to  have  such  inclosed  barriers,  and  had  designed  a 
concentrated  barrier  just  prior  to  his  coming  to  Pittsburg  recently  for  col- 
laboration on  special  tests.  This  was  also  tried  out  successfully  at  the 
experimental  mine,  but  it  did  not  have  the  advance  vane  for  tripping 
it,  and  this  Mr.  Taffanel  thought  was  a  considerable  gain  to  provide 
for  very  rapid  explosions. 

As  far  as  the  tests  have  gone,  the  box  barriers  and  the  concentrated 
barriers  are  equally  effectual,  and  the  adoption  of  one  or  the  other  at 
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Fig.  10. — Concentrated  Barrier  after  Extinguishing  a  Violent  Explosion. 

the  commercial  mines  will  perhaps  depend  somewhat  on  local  conditions. 

The  success  of  the  foregoing  barriers  led  to  the  designing  of  a  rock- 
dust  protected  ventilating  door,  since  ventilating  doors  are  invariably 
destroyed  in  all  explosions  of  any  extent;  and  further  most  of  them  being 
near  the  mouths  of  side  entries,  it  would  be  of  the  greatest  value  to  have 
an  explosion  wave  arrested  there  (see  Fig.  12). 

The  principle  underlying  the  door  is  to  have  the  inclosing  frame 
work  put  together  without  nails,  and  keyed  in  position  by  the  door  frame, 
so  that  when  the  door  frame  is  blown  out  the  mass  of  dust  held  behind 
the  side  and  top  boards  is  dislodged,  and  forms  a  dust  cloud. 

Again,  it  was  found  advisable  to  sustain  a  certain  amount  of  dust  close 
to  the  roof,  and  this  is  accomplished  by  attaching  to  the  boards^  over  the 
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door  frame  loose  chains,  hung  by  bolts  into  the  roof  or  to  higher  timbers. 
These  sustain  some  of  the  dust  after  operation  of  the  barrier  and  allow  it 
to  sift  down  in  case  there  is  a  considerable  time  interval  between  the 
arrival  of  the  pressure  wave  and  the  advance  of  the  flame. 

It  has  already  been  found  that  the  door  frame  must  not  be  made  too 
light  or  it  is  likely  to  be  blown  down  by  the  shock  wave  from  the  cannon. 
It  can  therefore  be  a  substantial  frame,  well  braced  to  resist  the  oFdinary 
shock  wave  from  blown-out  shots. 


Fig.  11. — Concentrated  Barrier  after  Light  Explosion,  Which  It 

Extinguished. 

Another  device  with  a  similar  object  is  a  rock-dust  protected  over- 
cast. As  everyone  knows  who  has  investigated  explosion  disasters,  over- 
casts are  particularly  vulnerable,  though  built  of  concrete  and  iron. 
Even  with  a  small  pressure  per  square  inch,  the  large  surface  exposed 
gives  a  tremendous  total  pressure,  which  it  is  practically  impossible  to 
withstand  by  any  ordinary  construction.  Therefore,  where  natural 
overcasts  cannot  be  made  which  will  provide  a  good  thickness  of  natural 
strata  between  the  airway  and  entry,  it  seems  just  as  well  to  provide 
comparatively  light  overcasts  made  of  wood,  or  if  preferable,  of  light 
concrete  or  brick  construction,  not  reinforced,  making  the  walls  double, 
and  filling  same  with  rock  dust,  or  flue  dust,  holes  being  provided  for 
occasional  inspection,  and  if  necessary,  renewal  of  the  dust.     By  having 
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such  rock-dust»protection,  if  the  overcast  gives  way  by  the  pressure  of 
an  explosion,  the  flame  is  prevented  from  entering  the  airway.  Often- 
times this  might  isolate  a  large  district  of  the  mine,  and  thus  save  the 
men  in  it. 

To  complete  the  devices  for  the  protection  of  vulnerable  points  a 
rock-dust  stopping  was  designed,  which  presents  some  unique  features. 
The  first  tests  were  simply  hollow  walls,  but  the  objection  to  this  was  that 
the  stoppings  are  likely  to  go  out  quickly  at  the  first  pressure  wave, 
so  if  there  is  a  considerable  interval  between  this  wave  and  the  flame 
there  may  be  a  chance  for  the  rock  dust  to  settle  and  the  flame  to  pass 


FiQ.  12. — Rock  Dust  Protected  Door  with  Front  Board  Removed  to 
Show  Loose  Chains  to  Support  Boards  Over  Door  Frame  if  Explosion  Occurs. 
Taken  before  Successful  Operation. 

overhead;  further,  the  stopping  is  liable  in  go  out  in  a  mass,  and  the 
rock  dust  would  not  be  well  distributed.  In  the  design  which  ^was 
tested  with  successful  results,  and  which  is  illustrated  in  Fig.  13,  the  ease 
with  which  stoppings  are  blown  out  and  their  vulnerability  are  taken  into 
account.  The  dust  protection  is  practically  in  two  halves,  one  inde- 
pendent of  the  other,  and  advantage  is  taken  of  the  angle  of  repose  of  the 
rock  dust.  Practically,  the  device  in  each  half  consists  of  a  series  of 
shelves  one  over  the  other,  with  a  space  between  the  two  halves  in  which 
there  may  be  any  kind  of  stopping  material,  either  rock  dust,  ordinary 
masonry,  concrete,  or  wood.     When  the  pressure  is  first  thrown  on  the 
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stopping  it  will  blow  out  as  a  mass  the  inbye  side,  but  if  the  explosioL 
is  not  a  heavy  one,  the  outbye,  or  first,  set  of  shelves  will  remain  standing 
with  a  certain  amount  of  rock  dust  on  same,  to  provide  material  for  ex- 
tinguishing the  flame.  To  protect  the  rock  dust  from  getting  wet,  and 
yet  at  the  same  time  to  permit  it  to  be  inspected,  separate  shallow  cur- 


6x6 


J , 

Any  type  siopping  beiween  shelves 


Fia.  13. — Rock  Dust  Protected  Stopping  for  Mines. 

tains  are  hung  from  shelf  to  shelf.  It  is  not  desired  to  make  these  in 
one  large  curtain,  since  when  the  whole  stopping  is  under  pressure  there 
is  a  liability  of  its  going  out  in  a  mass,  but  if  the  curtains  are  in  narrow 
strips  they  will  flap  up  when  the  pressure  wave  strikes  the  stopping 
barrier.^ 

*  Patents  have  been  applied  for  by  the  author  for  the  foregoing  describe  devices, 
prospective  rights  being  assigned  to  the  Bureau  of  Mines,  for  the  benefit  of  the  public. 
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FvJture  Investigations  at  the  Experimental  Mine 

Besides  the  investigation  into  protective  devices,  it  has  become  ap- 
parent that  there  is  need  for  testing  dusts  from  coal  beds  of  different 
districts  in  order  to  determine  the  degree  of  inflammability  or  explosi- 
bility  of  the  pure  coal  dust,  and  then  to  determine  what  admixture  of  roof 
material,  or  where  artificially  ground  rock  dust  is  introduced,  the  amount 
of  the  foreign  inert  material,  which  will  make  the  coal  dust  harmless;  in 
other  words,  to  determine  the  explosive  limit  of  the  particular  dust  (a) 
to  prevent  ignition,  (6)  to  prevent  propagation.  For  example,  for 
Pittsburg  dust  it  requires  70  per  cent,  of  the  roof  shale  in  the  mbcture  to 

C&nvflLS  or  vvalerproof  curtains         Rock  d ust,  concrete,- 
nailed  at  upper  edge  only        /brick  or  wood  between  posts 

'  ^rr 

Ix4"strips 


Section  ^S 
Fig.  13A. — Section  on  Line  A-B  op  Fia.  13. 

prevent  ignition,  but  to  prevent  propagation  it  requires  about  80  per 
cent.  This  is  when  the  local  shale  is  used;  but  when  limestone  is  em- 
ployed in  the  mixture,  owing  to  there  being  no  combustible  matter  in  it, 
60  per  cent,  of  the  mixture  will  prevent  ignition,  and  76  per  cent.,  propaga- 
tion. One  low-volatile  high-carbon  coal  which  was  tested  would  not 
propagate  an  explosion  with  only  20  per  cent,  admixture  of  shale,  so 
that  a  mine  producing  coal  of  this  character  would  apparently  be  reason- 
ably safe  from  dust  explosions  by  the  introduction  of  a  relatively  small 
quantity  of  rock  dust.  On  the  other  hand,  this  coal  in  a  mixture  with 
40  per  cent,  shale  propagated  an  explosion  when  l\  per  cent,  methane 
was  present. 

In  tests  of  dusts  from  other  districts  at  the  experimental  mine,  owing 
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to  the  possible  admixture  of  particles  of  coal  abraded  from  the  ribs,  which 
would  alter  the  results,  it  seemed  necessary  to  line  with  concrete  a  portion 
of  the  passageways  where  such  tests  are  conducted,  and  this  is  now 
being  arranged  at  the  time  of  preparing  this  paper. 

One  of  the  most  important  series  that  will  have  to  be  undertaken  is 
that  of  determining  how  much  the  limit  of  explosibility  of  each  dust  is 
changed  by  the  introduction  of  small  quantities  of  firedamp.  Some  tests 
have  been  made,  but  not  enough  from  which  to  draw  conclusions.  Special 
arrangements  are  being  made  for  the  introduction  of  g£is  at  the  face  of 
one  of  the  entries  so  that  it  may  be  put  in  behind  a  diaphragm,  then  mixed 
with  the  air  by  a  fan,  in  any  desired  proportions.  At  the  present  time 
it  is  only  feasible  to  use  2  per  cent,  or  less  throughout  the  whole  mine, 
whereas  it  is  often  desirable  to  make  a  test  with  an  explosive  mixture  of 
gas  at  the  face. 

It  is  hardly  necessary  to  say  that  the  number  of  kinds  of  experiments 
that  might  be  tried  is  almost  infinite,  and  the  work  will  have  to  progress 
slowly,  step  by  step. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OP  MINING  ENGINEERS 
[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Pittaburg  meeting,  October,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Deo.  1. 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Plant  of  the  Duplex  Process  for  Making  Steel 

BY  J.  K.  FURST,*  NEW   CASTLE,    PA. 
(Pittsburg  Meeting,  October,  1914> 

The  reasons  for  manufacturing  steel  by  the  duplex  process  are,  briefly: 
saving  of  time;  increasing  output  for  capital  invested;  and  avoiding  the 
difficulty  sometimes  experienced  in  obtaining  scrap.  On  account  of  the 
latter  reason,  some  plants  duplex  only  at  such  times  as  the  price  and 
quantity  of  scrap  in  the  open  market  warrant.  At  some  plants  the  use 
of  the  duplex  process  enables  the  blast-furnace  practice  to  be  simplified, 
because  the  furnaces  run  more  smoothly  and  produce  more  iron  when  not 
held  to  a  strict  specification  as  to  the  silicon  and  phosphorus  therein. 

The  duplex  process  was-  practiced  in  Witkowitz  as  far  back  as  1878, 
but  it  was  left  to  the  steel  makers  of  this  country  to  develop  it  along 
practical,  commercial  lines.  The  American  companies  manufacturing 
steel  by  the  duplex  process  at  the  present  time  are:  Tennessee  Coal,  Iron 
&  Railroad  Co.,  Maryland  Steel  Co.,  Bethlehem  Steel  Co.,  Pennsylvania 
Steel  Co.,  Jones  &  Laughlin  Steel  Co.,  Colorado  Fuel  &  Iron  Co.,  Lacka- 
wanna Steel  Co.,  Dominion  Iron  &  Steel  Co.  of  Canada. 

All  of  these  companies,  except  the  Dominion  Iron  &  Steel  Co., 
combine  the  acid  Bessemer  with  the  basic  open-hearth  process,  while 
the  latter  combines  the  basic  Bessemer  with  the  basic  open  hearth. 

The  Tennessee  Coal,  Iron  &  Railroad  Co.^s  Plant 

The  installation  of  a  converter  of  15  tons  capacity  at  the  Ensley  plant 
of  the  Tennessee  Coal,  Iron  &  Railroad  Co.  in  1904  marked  the  intro- 
duction into  this  country  of  the  duplex  system.  The  experience  gained 
in  the  employment  of  the  Bessemer  converter  had  demonstrated  that 
there  was  a  shortening  of  the  time  required  in  the  open-hearth  furnace  and 
a  reduction  of  the  outlay  for  fuel  and  lime,  thus  affording  substantial 
evidence  of  the  economies  resulting  from  this  method. 

The  scarcity  of  steel  scrap  in  the  Birmingham  district;  its  dependence 
on  its  own  resources  for  pig  iron;  its  lower  cost  of  fuel;  and  the  lower  lime 
cost  with  the  use  of  the  direct  metal  in  the  converter,  were  the  factors 

♦  Chief  Engineer,  Pennsylvania  Engineering  Works, 
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which  brought  about  the  construction  of  the  second  duplexing  plant, 
which  went  into  operation  in  the  fall  of  1907  and  has  been  operated  con- 
tinuously ever  since.  At  the  time  the  original  15-ton  converter  was 
installed  at  the  Tennessee  Coal,  Iron  &  Railroad  Co.'s  works,  the  steel- 
making  plant  consisted  of  six  blast  furnaces,  one  250-ton  primary  regen- 
erative furnace,  and  eleven  50-ton  open-hearth  furnaces,  of  which  one  was 
stationary  and  ten  were  tilting.  The  original  converter  was  erected 
between  the  250-ton  regenerative  furnace  and  the  open-hearth  plant,  and 
was  served  by  an  electric  traveling  crane.  It  was  operated  by  one  75-h.p. 
electric  motor  through  worm,  pinion,  and  gear,  and  was  the  first  converter 
in  this  country  to  be  operated  electrically. 

The  second  plant  built  by  this  company  marked  the  beginning  of 
duplexing  in  this  country  on  a  large  scale.  All  the  details  of  this  plant 
were  worked  out  so  carefully  that  practically  no  changes  or  improvements 
have  been  found  necessary,  or  even  desirable,  since  then.  As  shown  in 
Fig.  1,  this  plant  consists  of  six  modern  blast  furnaces,  and  two  batteries 
of  basic  open-hearth  furnaces,  each  consisting  of  four  100-ton  hydraulic- 
ally  tilting  furnaces,  having  hearths  15  ft.  wide  by  44  ft.  2  in.  long.  Be- 
tween the  two  batteries  of  open-hearth  furnaces,  and  in  line  with  them, 
is  located  the  Bessemer  building.  The  converters  and  the  converter- 
building  floor  are  served  by  a  100-ton  traveling  crane.  This  building 
houses  the  two  20-ton  converters;  one  250-ton  and  one  600-ton  hot-metal 
mixer;  and  two  10-ton  cupolas  for  melting  scrap,  located  directly  back 
of  the  pouring-end  of  the  mixers,  with  the  necessary  equipment  of  troughs 
so  that  they  can  be  tapped  into  the  converter-charging  ladle  which  plies 
between  the  mixers  and  converters. 

The  iron  comes  from  the  blast  furnaces  in  25-ton  hot-metal  cars,  and 
is  poured  into  the  mixers  by  means  of  hydraulic  lifts.  The  iron  is  poured 
from  the  mixers  into  the  converter-charging  ladle,  which  travels  over  a 
charging  floor  at  an  elevation  of  14  ft.  7  in.  above  the  open-hearth  charging 
floor.  The  molten  iron  is  charged  into  the  converter  by  means  of  a 
hydraulic  post  crane.  After  it  has  been  blown,  it  is  discharged  into  a  20- 
ton  ladle  car  and  carried  directly  to  the  open-hearth  furnace.  The  bottom 
house,  situated  directly  opposite  the  converters,  contains  seven  bottom- 
drying  ovens,  crusher,  wet  and  dry  pans,  and  the  necessary  bins,  etc., 
for  making  up  the  bottoms.  After  the  bottoms  have  been  made  up  here 
and  dried,  they  are  placed  on  the  hydraulic  jack  cars,  of  which  there  are 
two,  and  transported  to  the  converters  as  required. 

The  distinctive  feature  of  this  plant  is  that  the  converters  are  located 
directly  between,  and  in  line  with,  the  two  batteries  of  open-hearth  fur- 
naces, thus  minimizing  the  haul  of  the  blown  metal.  The  track  over 
which  the  blown  metal  is  conveyed  to  the  open-hearth  furnaces  is  located 
in  the  open-hearth  building,  adjacent  to  the  furnaces  and  between  the 
charging-box  track  and  the  furnaces.    The  ladles  are  drawn  up  in  front 
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of  the  furnace  doors  and  the  contents  poured  directly  from  the  ladle, 
without  removing  it  from  the  car,  into  the  charging  spout.  The  ladle  is 
tilted  by  an  overhead  traveling  crane. 


The  vessels,  as  shown  in  Fig.  2,  are  swung  on  well-designed,  heavy, 
cast-iron  column  stands  and  are  40  ft.  center  to  center.  Instead  of 
following  the  usual  practice  of  riveting  the  trunnions  directly  to  the  shell, 
they  are  secured  to  an  annular  supporting  ring,  the  vessel  being  secured 


Digitized  by 


Google 


THE   PLANT   OF  THE    DUPLEX    PROCESS   FOR   MAKING   STEEL       2497 

in  place  by  means  of  lugs  and  keys.  This  supporting  ring  not  only  serves 
to  prevent  the  wearing  of  the  sides  of  the  vessel  in  the  rivet  holes  which 
have  become  distorted  by  the  constant  reversal  of  stresses  on  account  of 
turning  the  vessel  from  time  to  time,  and  which  has  been  a  source  of  great 
inconvenience  in  the  past  at  some  of  the  works  manufacturing  Bessemer 
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steel,  but  also  facilitates  the  removal  of  the  vessel  for  relining  and  repairs. 
A  spare  vessel,  lined  and  ready  for  service,  is  kept  standing  convenient 
to  the  vessels  in  operation.  The  tuyere  plate  has  26  tuyere  openings. 
The  vessels  are  operated  hydraulically  by  two  vertical  racks  working  on 
one  pinion  for  each  vessel.     Blast  is  supplied  to  the  converter  from  an 
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Allis  horizontal,  cross  compound,  Corliss  blowing  engine  (46  by  88  by  84 
in.  and  60  by  84  in.)  through  a  30-in.  diameter  air  line  to  the  24-in.  air 
valves  beneath  the  pulpit,  thence  through  an  18-in.  air  line  to  the  blast 
trunnion  of  each  vessel.  The  blast  line,  just  before  connecting  with  the 
trunnion  sleeve,  is  provided  with  a  gas-escape  valve,  which  allows  any 
back  flow  of  gas  to  escape  to  the  atmosphere  rather  than  into  the  main  air 
line.  The  blast  elbow  and  wind  box  are  of  the  usual  design.  The  un- 
usual size  of  the  converters  was  a  matter  that  received  careful  consideration 
at  the  outset  by  the  Tennessee  Goal,  Iron  &  Railroad  Co.'s  engineer^,  and 
the  20-ton  vessel  was  adopted,  since  it  afforded  economies  in  operation, 
by  decreasing  the  refractory  cost  and  reducing  the  expense  of  blowing. 

While  it  is  not  the  intention  of  this  article  to  go  into  either  the  chem- 
istry or  the  metallurgy  of  the  duplex  process,  a  brief  outline  of  the  method 
of  operation  of  some  of  the  followers  of  the  process  may  prove  of  interest: 
The  methods  employed  at  this  plant  of  bringing  the  iron  from  the  furnace, 
charging  the  mixer,  charging  the  converter,  and  pouring  from  the  con- 
verter, have  been  previously  described.  The  hot  metal  coming  from  the 
blast  furnaces  to  the  mixer  is  of  the  following  analysis :  Silicon,  0.80  to  1 .25 ; 
phosphorus,  0.9  to  1.0;  manganese,  0.3  to  0.4  per  cent.  In  the  converter, 
all  of  the  metal  is  desiliconized  and  partly  decarbonized.  Four  ladles 
of  blown  metal  are  required  for  each  open-hearth  heat.  Ordinarily  the 
first  two  are  blown  soft,  analyzing:  carbon,  0.1;  phosphorus,  0.7  to  1.0; 
manganese,  0.08  per  cent.;  and  the  second  two  ladles  are  partly  decar- 
bonized, the  percentage  of  carbon  blown  out  depending  on  the  amount  of 
scrap  charged  in  the  open-hearth  furnace.  Before  the  blown  metal  is 
poured  into  the  open-hearth  furnaces,  burnt  lime,  iron  oxide  (the  latter 
in  the  form  of  scale  or  ore),  and  about  15  per  cent,  of  scrap  are  charged; 
then  the  two  ladles  blown  soft  are  poured  in,  and  lastly  the  two  ladles 
partly  decarbonized,  containing  2  per  cent,  carbon,  or  slightly  more,  are 
added.  When  the  second  two  ladles  are  poured  into  the  open-hearth 
furnace  a  violent  reaction  takes  place,  which  transfers  practically  all  of  the 
phosphorus  into  the  slag.  It  is  here  that  the  advantage  of  the  tilting 
type  of  open-hearth  furnace,  over  the  stationary  type,  comes  in,  as  at  this 
juncture  the  furnace  is  tilted  back,  allowing  the  excess  slag  to  run  out  of 
the  doors  into  the  slag  cars  beneath  the.  furnace.  Recarbonizing  of  the 
steel  at  the  end  of  a  heat  is  not  often  found  necessary,  the  practice  making 
it  possible  to  catch  the  carbon  on  the  way  down.  Ferro-manganese  is 
added  for  the  manganese.  It  took  from  1  to  1 J  hr.  to  charge  the  blown 
metal  into  the  furnace,  and  about  1  hr.  to  finish  the  heat.  Records  kept 
show  a  variation  of  from  4  to  8  hr.  per  heat.  The  time  required  for 
blowing  the  heats  in  the  converters  varies,  depending  on  the  silicon  con- 
tent, the  blast  pressure,  and  other  factors.  Desiliconizing  takes  from  2  to 
10  min.,  and  decarbonizing  from  12  to  20  min. 
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The  Dominion  Iron  A  Steel  Co.'s  Plant 

At  about  the  same  time  the  Tennessee  Coal,  Iron  &  Railroad  Co., 
situated  at  the  southern  American  boundary  of  the  steel  industry,  was 
considering  the  question  of  duplexing  on  a  large  scale,  the  Dominion 
Iron  &  Steel  Co.,  situated  at  the  extreme  northern  boundary  of  the  steel 
industry,  concluded  to  install  a  duplexing  plant.  The  Nova  Scotian  ores 
were  similar  in  many  respects,  but  had  a  higher  phosphorus  content, 
and  the  chief  reasons  why  duplexing  was  considered  advantageous  were 
the  long  period  of  time  otherwise  required  in  the  open  hearth,  and  the 
difficulty  of  operating  the  blast  furnaces  under  a  strict  specification  as  to 
silicon  and  phosphorus.  Consequently,  in  July,  1906,  they  let  the  con- 
tract for  two  15-ton  Bessemer  converters,  with  the  necessary  building 
and  equipment.  Construction  started  in  December  of  the  same  year  and 
the  first  heat  was  blown  in  May,  1907.  The  vessels  were  operated  for 
some  time  with  an  acid  Bessemer  lining  with  very  satisfactory  results, 
which,  however,  seemed  short  of  the  maximum  possibilities.  It  was 
thought  that,  by  operating  with  a  basic  lining,  better  results  might  be 
achieved.  This  was  at  the  time  considered  somewhat  experimental  in 
view  of  the  fact  that  in  Europe,  where  the  basic  Bessemer  practice  was 
commonly  pursued,  it  was  considered  that  at  least  1.75  to  2.25  per  cent, 
phosphorus  was  necessary.  However,  the  necessary  alterations  in  the 
bottom  house  were  made,  the  mica  schist  lining  of  the  vessels  was 
removed  and  one  of  stamped  dolomite  and  tar  substituted,  and  the  basic 
Bessemer  process  was  begun.    This  method  has  been  in  use  ever  since. 

In  the  year  1910  a  third  vessel,  of  the  same  size  and  design,  was  added 
to  the  original  plant.  At  this  time,  the  steel-manufacturing  department 
consisted  of  four  blast  furnaces,  one  300-ton  hot-metal  mixer,  three  15-ton 
Bessemer  converters,  two  in  actual  service  and  one  spare,  and  ten  50-ton 
basic  open-hearth  furnaces  of  the  Campbell  tilting  type.  Of  the  ten 
op)en-hearth  furnaces,  nine  are  operated  according  to  strict  open-hearth 
practice,  furnace  No.  1  alone  being  used  in  conjunction  with  the  duplex 
process.  Also,  there  were  under  construction  at  this  time  two  blast 
furnaces  and  two  500-ton  mixers.  The  mixer  building  and  the  converter 
building  are  situated  between  the  blast  furnaces  and  the  open-hearth 
plant.  The  vessels  are  served  by  a  traveling  crane,  which  operates 
throughout  the  full  length  of  the  building.  The  three  vessels  are  arranged 
in  line  in  the  Bessemer  building,  36  ft.  centers.  The  vessels  are  of  the 
eccentric  type,  having  a  shell  diameter  of  10  ft.  9  in.,  with  trunnions 
riveted  directly  to  the  shell.  The  wind  box,  blast  elbow,  and  trunnions 
are  of  the  usual  design;  but  the  tuydre  plate,  instead  of  being  of  the  usual 
type  with  6-in.  openings  in  which  refractory  tuyeres  are  placed,  is  a  solid 
plate  provided  with  73  }-in.  tuyere  openings.  The  vessel  is  electrically 
operated^  the  power  being  transmitted  through  worm,  pinion,  aad  gear 
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directly  to  the  trunnion,  which  gives  ample  power  at  all  times,  although 
when  the  vessel  is  in  a  horizontal  position  with  bottom  off,  it  requires 
about  all  of  the  power  to  bring  it  to  the  vertical  position.  The  blast  for 
blowing  the  vessel  is  furnished  by  the  blast-furnace  blowing  engines 
through  a  36-in.  diameter  main,  1,365  ft.  long.  We  mention  this  length 
on  account  of  the  unusual  distance  over  which  the  blast  is  carried.  The 
18-in.  branch  blast  mains  on  each  vessel  are  provided  with  air-relief  valves. 
The  blast  is  delivered  to  the  vessels  at  a  pressure  of  18  to  20  lb. 

At  this  plant  the  iron  coming  from  the  blast  furnaces  has  the  follow- 
ing average  analysis:  Total  carbon,  4.25;  silicon,  1.00;  sulphur,  0.05; 
phosphorus,  1.50;  manganese,  0.20  per  cent.  The  iron  is  delivered  from 
the  blast  furnace  to  the  mixer,  and  from  the  mixer  to  the  converters,  by 
means  of  hot-metal  ladle  cars,  and  charged  into  the  mixer  with  overhead 
traveling  crane,  and  into  the  converters  by  means  of  an  electric  ladle 
hoist. 

From  2,600  to  2,800  lb.  of  burned  lime  is  charged  into  the  empty  con- 
verter, after  which  is  charged  about  11  tons  of  fluid  pig  iron  from  the 
hot-metal  mixer.     After  the  metal  has  been  blown,  the  slag  is  skimmed  into 
a  cast-iron  box  car  made  for  the  purpose,  and  the  metal  is  then  poured 
into  the  ladle  car,  which  transports  it  to  the  open-hearth  furnace,  the 
entire  blow  consuming  from  12  to  15  min.     Under  good  average  conditions 
the  blown  metal  has  the  following  analysis:  Carbon,  0.03;  phosphorus, 
0.07;  sulphur,  0.05  per  cent.;  manganese,  none;  and  the  slag  is  consti- 
tuted as  follows:  Silica,   13.0  to   14;  alumina,   1.0;  lime,  48.0  to  51; 
magnesia,  2.0  to  4;  phosphoric  acid,  17.0  to  19;  manganous  oxide,  1.5; 
iron  protoxide,  13.0  to  15.     Five  ladles  of  the  blown  metal  are  charged 
into  the  open-hearth  furnace  as  they  are  delivered  from  the  converters, 
but,  prior  to  this,  the  open-hearth  furnace  has  been  charged  with  about 
4,000  lb.  of  burned  lime  and  6  to  8  tons  of  molten  iron,  direct  from  the 
hot-metal  mixer,  the  latter  iron  being  depended  upon  to  give  sufficient 
carbon  for  the  chemical  reaction.     Ten  to  twelve  heats  are  made  in  No. 
1  open-hearth  furnace  in  24  hr.     One  of  the  economies  resulting  from  the 
practice  of  the  basic  duplex  process  is  the  revenue  derived  from  the  Besse- 
mer slag  after  it  has  been  ground  and  prepared  for  agricultural  purposes. 

The  Bethlehem  Steel  Co^s  Plant 

In  1910  the  Bethlehem  Steel  Co.,  desiring  to  increase  and  add  flexibil- 
ity to  the  output  of  its  new  Saucon  plant  and  to  render  itself  more  inde- 
pendent with  respect  to  the  fluctuations  of  the  scrap  market,  decided  to 
adopt  the  duplex  process,  and,  consequently,  in  1911,  a  plant  was  installed. 
Rather  than  further  burden  its  own  organization,  it  let  the  contract  to 
the  Pennsylvania  Engineering  Works  for  the  complete  plant,  which 
was  designed,  built,  and  turned  over  to  it  in  operating  condition.    The 
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FiQ.  5a.— 400-TON  Hot-Metal  Mdcbb,  Bethlehem  Steel  Co. 
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original  Saucon  Steel  Works,  which  were  put  into  operation  in  1907, 
consisted  of  ten  60-ton  stationary  open-hearth  furnaces  and  one 
250-ton  hot-metal  mixer,  a  Gray  universal  structural  mill  for  roll- 
ing wide-flange  I-beams  and  H-column  sections,  a  standard  struc- 
tural shape  mill,  and  a  rail  mill.  In  1913,  the  Bethlehem  Steel  Co. 
added  to  the  open-hearth  department  of  the  Saucon  Works,  six  75-ton 
open-hearth  furnaces  of  the  stationary  type,  locating  them  on  the  east 
end  of  the  original  open-hearth  plant,  and  added  to  the  mixer  capacity 
one  1,000-ton  hot-metal  mixer  of  what  is  known  as  the  German  type. 
The  Bessemer  converting  plant  occupies  a  position  east  of,  adjacent  to, 
and  in  Une  with,  the  open-hearth  building,  thus  making  it  possible  to 


Fig.  5b. — 400-ton  Hot-Mbtal  Mecer,  Bethlehem  Steel  Co. 

connect  the  track  for  the  transport  of  the  blown  metal  from  the  converters 
to  the  open-hearth  department  directly  with  the  track  in  the  open-hearth 
building  running  parallel  with  the  furnaces,  but  back  of  the  charging- 
machine  track.  We  might  point  out  here  that  the  location  of  the  con- 
verters with  respect  to  the  open-hearth  furnaces  in  this  process  is  of  the 
utmost  importance,  because  the  quick  and  easy  transfer  of  the  blown 
metal  is  one  of  the  essential  factors  of  success.  The  output  of  this  de- 
partment at  present,  operating  on  a  straight  open-hearth  basis,  is  70,000 
to  75,000  tons  of  ingots  monthly.  As  duplexing  is  practiced  only  part 
of  the  time,  it  cannot  be  said  just  what  the  output  would  be  if  the  works 
were  operated  continuously  under  the  duplexing  method;  but  actual 
results  have  shown  that  for  a  given  tonnage  of  steel  thereip  a  saving  of 
about  65  per  cent,  in  time.  •     Digitized  by  vjOOg  IC 
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The  Bessemer  converting  plant,  the  general  arrangement  of  which 
is  shown  in  Figs.  3  and  4,  is  contained  in  two  buildings,  one  known  as  the 
mixer-converter  building,  where  the  hot-metal  mixers  and  converters 
are  housed,  and  the  other  as  the  bottom  house,  where  the  bottoms  are 
made  up,  dried,  ladles  repaired,  etc.  The  floors  of  these  buildings  are 
on  the  same  level  as  the  charging  floor  of  the  open-hearth  building.  The 
mixer-converter  building  is  of  steel,  and  of  the  usual  heavy  mill  type 
construction.  It  is  provided  with  two  75-ton  capacity,  70-ft.  span,  travel- 
ing cranes  for  serving  the  hot-metal  mixers  and  converters.  The  con- 
verters occupy  the  west  end  of  the  building  nearest  the  open-hearth 
plant,  while  the  hot-metal  mixers  occupy  the  east  end. 

There  are  two  hot-metal  mixers,  one  of  400  tons  capacity,  of  the  type 
indicated  in  Fig.  5,  and  one  of  1,000  tons  capacity,  of  what  is  known  as 
the  German  type.  While  these  mixers  have  a  combined  nominal  capacity 
of  1,400  gross  tons,  their  actual  capacity  is  considerably  in  excess  thereof, 
since  the  larger  mixer  will  hold  at  least  1,200  gross  tons  of  molten  iron. 
The  400-ton  mixer  was  originally  built  to  operate  hydraulically,  but  has 
since  been  converted  to  operate  electrically.  It  is  mounted  on  heavy, 
cast-iron  rocker  stands,  which  furnish  tracks  for  the  cast-iron  rollers. 
The  two  cast-steel  rockers  serve  the  dual  purpose  of  a  gradle  for  support- 
ing the  plate  work  and  a  tire  for  revolving  the  mixer  on  the  rollers.  The 
shell,  which  is  semi-cyUndrical  in  form  with  bulging  convex  ends  and 
domed  roof,  with  receiving  and  pouring  spouts  on  the  straight  portion  of 
the  cylinder,  is  made  of  1-in.  steel  plates.  The  mixer  is  Uned  throughout, 
to  well  above  the  slag  line,  with  9-in.  thick  magnesite  brick,  backed  up  by 
9  in.  of  good  grade  fire  brick,  while  the  roof  has  a  13J-in.  lining  of 
furnace-roof  brick. 

The  1,000-ton  hot-metal  mixer,  constituting  the  other  unit  of  this 
plant,  is  interesting  on  account  of  its  large  capacity  as  compared  to  former 
mixers  in  this  country,  600  tons  being  the  limit  of  capacity  up  to  that 
time.  At  the  time  of  making  the  contract  for  the  building  of  the  mixer, 
the  Bethlehem  Steel  Co.  stipulated  that  the  builder  should,  before 
designing  the  mixer,  send  his  engineers  to  Germany  to  investigate  both 
the  design  and  method  of  operation  of  the  large  mixers  of  that  country,  the 
result  of  which  investigjttion  was  that  the  engineers  came  home  and  de- 
signed the  present  mixer  after  the  German  type,  making  such  alterations 
and  improvements  as  were  found  necessary  to  meet  American  conditions. 
(See  Fig.  6.)  The  mixer  consists  of  a  cylindrical  shell  with  spherical  ends. 
It  is  provided  with  receiving  spout  on  one  side  and  pouring  spout  on  the 
opposite  side.  The  receiving  spout,  except  when  metal  is  being  poured 
into  the  mixer,  is  sealed  by  a  door,  which  is  opened  and  closed  by  means 
by  a  7J-h.p,  electric  motor.  The  pouring  spout  is  closed  by  means  of 
a  number  of  flat  brick  arches  held  in  steel  stirrups,  except  a  very  small 
opening  for  the  egress  of  the  metal,  thus  making  it  possible  to  conserve 
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from  90  to  96  per  cent,  of  the  original  heat  of  the  iron  charged  into  the 
mixer. 

A  comparison  might  be  made  here  between  the  two  types  of  mixers: 
In  the  case  of  the  400-ton  mixer  it  will  be  noted  that  the  area  of  the  surface 
of  the  metal  is  large  compared  with  the  depth  and  total  volume  of  the 
metal,  whereas,  in  the  1,000-ton  mixer,  the  area  of  the  surface  of  the  metal 
is  small  as  compared  to  the  depth  and  total  volume.     This  feature  also 


Fig.  6. — 1,000-ton  Hot-Metal  Mixer,  Bethlehem  Steel  Co. 

has  its  bearing  on  the  conservation  of  heat.  The  1,000-ton  mixer  is  pro- 
vided with  a  heating  apparatus  in  which  oil,  producer,  coke-oven,  or 
blast-furnace  gas  is  used.  During  the  investigation  of  mixers  in  Germany 
it  was  found  that,  while  most  of  the  mixers  were  provided  with  a  means  of 
artificial  heating,  nevertheless  the  artificial  heat  was  unnecessary  except 
in  one  instance,  and,  in  most  cases,  the  ports  for  this  heat  entry  were 
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blanked  off.    At  South  Bethlehem  it  has  been  found  to  be  of  advantage, 
however,  to  use  a  small  amount  of  artificial  heat.    The  cylindrical  shell 
of  the  1,000-ton  mixer  is  provided  with  four  cast-steel  bands,  spaced  uni- 
formly between  the  two  ends.     Th«  two  outer  bands  encircle  the  cylinder 
about  half  way,  while  the  two  inner  bands  form  a  complete  circle.    These 
bands  serve  the  dual  purpose  of  reinforcing  the  shell  and  supplying  tires 
on  which  the  mixer  rotates  on  the  rollers.    There  are  four  groups  of  11 
casl^steel  rollers,  16  in.  in  diameter  with  16-in.  tread.    Each  group  of 
rollers  is  formed  into  a  cradle  by  means  of  heavy  side  bars,  with  shafts 
extending  through  the  side  bars  and  rollers,  thus  insuring  equal  spacing 
of  the  rollers  in  the  groups  at  all  times.     Two  lines  of  heavy  struts  are 
provided  between  the  cradles,  to  insure  the  action  of  all  the  groups  as  one 
unit.     The  weight  of  the  mixer  is  transmitted  directly  from  the  rollers 
to  four  heavy  cast-iron  roller  stands,  thus  producing  true  roller  bearings, 
and  minimizing  the  friction.     It  may  be  worthy  of  mention  here  that, 
with  this  type  of  mixer,  the  center  of  rotation  coincides  with  the  center  of 
gravity,  whereas,  in  the  former  type,  it  is  necessary  to  lift  the  center  of 
gravity  about  the  center  of  rotation,  from  which  it  will  easily  be  seen  that 
the  larger  type  of  mixer  requires,  relatively,  considerably  less  power  to 
operate.     In  order  to  insure  alignment  of  the  rocker  stands,  and  to  tie 
the  mixer  more  firmly  to  the  foundations,  two  heavy  I-beam  girders  are 
provided,  extending  longitudinally  under  the  rocker  stands  the  full  length 
of  the  mixer.     These  girders  are  provided  with  shear  plates,  while  the 
bases    of   the   stands   are   provided    with   shear   lugs.     This   feature 
is  also  of  considerable  advantage  when  lining  up  the  mixer  at  the  time  of 
erection.     The  1,000-ton  mixer  is  operated  by  two  75-h.p.  electric  motors, 
either  of  which  is  capable  of  furnishing  the  required  power.     The  motors 
are  controlled  by  a  magnetic  switch-type  controller,  and  are  arranged  so 
that  they  will  operate  in  series  during  the  pouring  period  and  in  parallel 
during  the  return  of  the  mixer  to  its  normal  position,  thus  reducing  the 
time  for  pouring  and  the  return  of  the  mixer  to  a  minimum.     The  motors 
are  placed  one  at  either  end  of  the  mixer  and  are  both  connected  to  the 
line  shaft,  which  is  provided  with  a  clutch  adjacent  to  either  motor,  which 
may  be  disengaged  in  case  of  accident  or  for  repairs.    The  1,000-ton 
mixer  has  a  surface  lining  9  in.  thick  of  magnesite  fire  brick  extending 
well  above  the  slag  line,  which  is  backed  with  13|  in.  of  fire  brick,  which, 
with  the  packing  between  the  lining  and  the  shell,  makes  a  total  thickness 
of  lining  of  about  2  ft.    The  extraordinary  thickness  of  the  lining  also 
tends  to  conserve  the  heat  of  the  mixer  contents. 

The  converters,  which  are  of  20  tons  capacity,  are  spaced  40  ft.  center 
to  center,  and  are  similar  to  those  described  at  the  plant  of  the  Tennessee 
Coal,  Iron  &  Railroad  Co.,  with  the  exception  that  in  this  case  it  was 
thought  desirable  to  contract  the  body  of  the  vessel  where  it  joins  the 
bottom,  in  order  to  make  the  diameter  of  the  vessel  less,  thus  bringing 
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the  tuyeres  nearer  to  the  side  walls.  This  has  a  tendency  to  deepen 
the  bath  slightly  for  a  given  charge  of  metal;  but,  on  the  other  hand, 
brings  the  bath  more  directly  over  the  tuyere  openings.  The  converters 
are  operated  by  means  of  hydraulic  cylinders  through  racks  and  pinions, 
similar  to  those  of  the  Tennessee  Coal,  Iron  &  Railraod  Co.  The  hy- 
draulic cylinders  are  on  a  pressure  line  of  550  lb.,  which  is  provided  with 
tank  accumulator  to  balance  the  pressure.  The  converters  are  operated 
by  means  of  Aiken  valves,  and  the  pressure  lines  throughout  are  made  of 
double  extra  pipe.  The  blast  for  blowing  the  converters  is  furnished  by 
Southwark  horizontal  cross- compound  engine  with  barometric  condenser, 
with  steam  cylinders  46  and  84  by  60  in.  and  air  cylinders  84  by  60  in. 
The  engine  is  designed  to  furnish  45,000  ft.  of  free  air  per  minute,  at  30  lb. 
pressure,  and  is  located  in  the  power  house  adjacent  to  the  open-hearth 
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Fio.  7. — Plan  of  Bottom  Ovens,  Bethlehem  Steel  Co. 


plant.  The  blast  is  conducted  to  the  converters  through  a  30-in.  main 
about  500  ft.  in  length,  which  is  provided  with  air-relief  valve  to  prevent 
back  pressure  to  engine.  It  is  also  provided  with  a  tank  air  receiver  near 
the  converters  to  balance  the  pressure.  The  air  is  delivered  at  a  pressure 
of  18  to  20  lb.  from  the  receiver  tank  to  each  converter  through  an  18-in. 
air  line  provided  with  an  18-in.  air  valve  operated  from  the  pulpit.  Heavy 
steel  construction  operating  floors  and  platforms  are  provided  about 
both  the  mixers  and  the  converters.  One  75-ton  track  scale  is  provided 
directly  under  the  pouring  spout  of  each  mixer,  and  another  between  the 
converters  and  the  open-hearth  furnaces,  on  which  the  metal  is  weighed 
prior  to  charging  into  the  converters  and  again  after  it  has  been  blown, 
on  its  way  from  the  converters  to  the  open-hearth  department. 

The  bottom  house  is  located  just  south  of  the  mixer-converter  building. 
It  has  a  16-ft.  leanto  extending  throughout  the  full  length  of  the  building, 
which  is  divded  into  ten  equal  bays.  Five  of  these  bays  in  the  leanto  are 
occupied  by  the  five  ovens  for  drying  the  bottoms.  The  ovens,  shovm 
in  Figs.  7  and  8,  have  flue  connection  with  a  common  draft  stack,  and  are 
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heated  by  firing  from  the  rear  with  small  anthacite  coal,  for  which  special 
grates  are  provided.  Forced  draft  is  furnished  by  an  Eynon  &  Evans 
blower  on  each  fire  box.  The  ovens  are  equipped  with  Kinnear  roller 
curtain  doors  and  each  one  has  a  floor  space  of  14  by  16  ft.     This  house 


SECTION  E-E 
¥ia.  8. — Elevation  and  Section  op  Bottom  Ovens,  Bethlehem  Steel  Co. 

contains  a  bottom  pit,  over  which  the  bottoms  are  made  up,  a  Blake 
crusher  for  crushing  stone  for  Unings,  an  8-f t.  wet  pan,  a  9-ft.  dry  pan,  and 
the  necessary  bins  and  conveyor  for  handling  the  raw  material.  The 
machinery  is  driven  by  a  100-h.p.  electric  motor.  There  are  also  ten 
ladle  rests  for  the  repair  of  the  linings  of  the  steel  ladles.     Fpt  lifting 

Digitized  by  VjOOQIc 


2510       THB  PLANT  OF  THE   DUPLEX  PROCESS  FOB  MAKINO  STEEL 

the  bottoms  on  and  off  the  cars  and  bottom  pit,  handling  the  ladles,  etc., 
there  is  provided  a  25-ton  electric  traveling  crane.  The  bumed-out 
bottoms  are  brought  from  the  converters,  and  the  newly  made  up  bottoms 
returned  to  the  converters,  on  hydraulic  jack  cars. 

The  method  of  operation  at  the  Saucon  Works  is  practically  as  follows: 
The  molten  pig  iron  is  brought  from  the  blast  furnaces  situated  at  the 
Lehigh  Works,  1§  miles  distant,  in  trains  of  40-ton  capacity  hot-metal 
cars  drawn  by  the  usual  standard-gauge  locomotive.    Just  before  entering 
the  mixer  building,  the  metal  is  weighed  on  a  100-ton  capacity  track  scale. 
It  is  then  drawn  into  the  building  directly  opposite  the  mixers  and  is 
poured  into  the  mixers  by  means  of  the  75-ton  overhead  electric  traveling 
crane.    The  metal  is  poured  from  the  mixer  into  a  25-ton  capacity  ladle 
car,  weighed  on  the  75-ton  track  scale  placed  in  the  floor  directly  under 
the  pouring  spout  of  each  mixer,  and  then  transported  to  the  converter, 
where  it  is  charged  by  means  of  the  overhead  traveling  crane.     The  ladle 
is  of  special  design  with  respect  to  the  pouring  spout,  the  object  being  to 
retain  as  much  of  the  slag  as  possible  in  the  ladle.     For  this  purpose  the 
spout  is  made  so  that  the  metal  will  pour  through  a  narrow  and  rather 
deep  opening.    The  slag  is  retained  in  the  ladle  for  several  charges  and 
then  dumped  out.    At  some  plants  skimming  is  resorted  to.    This  is 
especially  true  in  Germany,  where  the  ladles  of  metal  are  skimmed  both 
before  pouring  into  the  mixer  and  before  charging  into  the  converter. 
After  the  metal  has  been  blown  in  the  converter,  it  is  poured  into  25-ton 
ladle  cars  (two  of  which  are  in  constant  use  for  the  transfer  of  metal  when 
duplexing),  and  transported  by  an  electric  locomotive  over  a  standard- 
gauge  track  to  the  open-hearth  furnaces.     The  hot  metal  is  poured  by  the 
overhead  traveling  crane  into  the  furnace,  through  a  portable  spout, 
which  is  placed  in  position  by  the  charging  machine  at  time  of  charging. 
Five  of  the  ten  60-ton  stationary  open-hearth  furnaces  are  used  in  the 
duplexing  process;  the  remaining  five  60-ton  furnaces  and  the  six  new 
75-ton  furnaces  are  kept  on  the  straight  open-hearth  practice  making 
steel  from  the  hot-metal  mixer  iron  and  scrap.     Ordinarily  three  ladles  of 
converter  iron  are  charged  into  the  open-hearth  furnace,  one  after  another, 
as  rapidly  as  they  can  be  blown.     All  of  the  metal  is  desiliconized  in  the 
converter  and,  of  the  three  ladles  of  metal  constituting  the  open-hearth 
furnace  charge,  the  former  two  have  practically  all  of  the  carbon  elimi- 
nated, while,  in  the  last  one,  about  2  per  cent*  of  carbon  is  left,  to  bring 
about  the  reaction  in  the  open-hearth  furnace.     The  average  open-hearth 
furnace  charge  is  40,000  lb.  scrap,  15,000  lb.  burnt  lime,  and  95,000  lb. 
of  converter  iron.     The  time  required  in  the  open-hearth  furnace  varies 
in  general  practice  from  4  to  6  hr.,  although  a  single  heat  has  been  put 
through  in  3i  hr.     At  times,  recarbonizing  is  found  necessary,  and,  for 
this  purpose,  there  is  in  the  open-hearth  building  a  250-ton  hot-metal  mixer 
employed  as  a  receiver  for  the  recarbonizing  iron,  which^is  of  a  special 
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Bessemer  quality  made  from  low-phosphorus  ores.  This  metal  is  poured 
from  the  mixer  into  ladles,  and  added  to  the  bath  in  the  open-hearth 
furnaces,  as  needed. 

The  Pennsylvania  Steel  CoJs  Plant 

The  steel-making  department  of  this  company,  in  which  duplexing 
is  carried  on,  consists  of  six  75-ton  and  two  200-ton  open-hearth  furnaces, 
two  20-ton  Bessemer  converters,  one  300-ton  and  one  800-ton  hot-metal 
mixer,  and  a  bottom  house  equipped  with  the  necessary  crushing  and 
grinding  machinery,  drying  ovens,  etc.,  for  preparing  the  material, 
making  up,  and  drying  the  bottoms.  The  plant  was  built  in  1913,  with 
the  exception  of  the  six  75-ton  open-hearth  furnaces  and  the  300-ton  hot- 
metal  mixer,  which,  previous  to  this  time,  were  run  on  straight  open- 
•  hearth  practice.  The  contract  for  the  800-ton  mixer  and  the  two  con- 
verters was  let  on  April  19  and  the  converters  blown  in  on  the  following 
December  1,  making  a  record  time  of  7i  months  for  the  construction 
of  such  a  plant.  As  indicated  in  Fig.  9,  the  mixer-converter  department 
is  situated  in  the  main  open-hearth  building  on  the  charging-floor  side. 
Extending  round  about  both  the  mixers  and  the  converters  there  is  a 
spacious  working  platform  of  steel  construction,  20  ft.  above  the  ground 
floor  and  at  the  same  elevation  as  the  open-hearth  charging  floor.  The 
molten  pig  iron,  coming  from  the  blast  furnaces  in  trains  of  45-ton  hot- 
metal  cars,  is  poured  direct  into  the  receiving  spouts  of  the  mixers 
without  removing  the  ladles  from  the  cars.  The  mixers  pour  into  ladles 
resting  on  the  ground  floor,  which  are  hoisted  and  charged  into  the 
converters  by  the  overhead  traveling  crane.  The  converters  in  turn  pour 
into  ladles  resting  on  the  ground  floor,  which  are  hoisted  to  the  open-hearth 
charging  floor  and  transported  by  the  overhead  traveling  crane  to  the 
open-hearth  furnace  to  be  charged. 

The  hot-metal  mixers  are  of  the  semi-cylindrical,  bulging-end  type, 
and  are  tilted  by  electric  motors  operating  through  suitable  trains  of  gears 
and  screws.  The  control  equipment  is  of  the  magnetic  switch  type.  The 
converters,  shown  in  Fig.  10,  are  placed  42  ft.  center  to  center.  They  are 
duplicates  of  those  of  the  Bethlehem  Steel  Co.,  with  the  exception  of  the 
overturning  arrangement,  which  is  electrical.  Each  converter  is  provided 
with  two  100-h.p.  motors  controlled  by  magnetic  switch-type  controller. 
Either  motor  is  capable  of  operating  the  vessel  and  there  are  shaft 
coupUngs  provided  so  that  either  motor  may  be  disengaged  at  any  time. 
The  power  is  transmitted  from  the  motors  through  one  gear  reduction  on 
the  motors,  a  worm  and  worm  wheel  and  pinion  on  the  worm-wheel  shaft* 
to  the  driving  gear  on  the  converter  trunnion.  Mention  is  made  here  of 
the  worm  wheel,  which  has  the  wearing  faces  of  the  teeth  lined  with  tV  in. 
of  babbitt  metal,  which  reduces  the  friction,  thus  prolonging  the  life  of 
the  teeth.    The  arrangement  of  this  plant  deserves  special 
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it  represents  one  of  the  best  conditions  for  economy  and  convenience  of 
operation  which  has  been  attained  up  to  the  present  time. 

General  Remarks 

The  two  20-ton  vessels  as  installed  in  the  plants  of  the  Tennessee  Coal, 
Iron  &  Railroad  Co.,  the  Bethlehem  Steel  Co.,  the  Jones  &  Laughlin 
Steel  Co.,  and  the  Pennsylvania  Steel  Co.,  are  capable  of  producing 
100,000  tons  of  blown  metal  per  month.  The  benefits  derived  from  the 
duplex  process  for  making  steel  have  been  enumerated  in  the  reasons  given 
for  duplexing;  but  we  may  say  in  conclusion  that  the  process  has  brought 
about  the  development  of  the  Bessemer  converting  plant  to  a  higher  state 
of  perfection  and  efficiency,  has  created  a  desire  for  larger  and  better  hot- 
metal  cars  and  mixers,  and  has  aided  those  practicing  it  to  solve  some  of 
their  problems.  Since  the  process  has  been  practiced  in  this  country  for 
seven  years  only  and  is  still  in  an  imperfect  state,  it  is  hoped  that  some  of 
the  master  minds  working  on  it  will  succeed  in  bringing  about  a  more 
perfect  stage  of  development  within  the  near  succeeding  years,  and  thus 
another  step  will  have  been  taken  toward  the  uplift  of  mankind. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preMnted  in  peraon  at  the 
Pittsburg  meeting,  October.  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  x..  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  specaal  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  1. 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Safety  Movement  in  the  Lake  Superior  Iron  Region 

BY  EDWIN  HIGQINS,  PITTSBURG,  PA. 
(Pittsburg  Meeting,  October,  1914) 

Introduction 

It  is  the  purpose  of  this  paper  to  set  forth  the  relation  and  functions  of 
the  various  organizations  and  institutions  engaged  in  the  promotion  of 
safety  in  the  iron  mjnes  of  the  Lake  Superior  region;  also  to  indicate  the 
value  of  this  work.  Ten  to  15  years  ago  there  was  practically  no  organ- 
ized safety  work;  the  accident  rate  was  high,  excessively  so  in  some  dis- 
tricts, and  dangerous  practices  and  conditions  existed  in  many  of  the 
mines.  * 

During  recent  years,  however,  a  gradual  change  for  the  better  has  been 
made.  The  chief  causes  of  this  change  have  been  (a)  public  opinion, 
which  has  set  the  stamp  of  disapproval  on  the  disregard  for  human  life; 
(6)  certain  State  laws  which  have  made  the  operators  responsible  in  dol- 
lars and  cents  for  injuries  to  workmen;  'and  (c)  the  humanitarian  attitude 
of  many  of  the  operators,  who  have  always  decried  the  great  loss  of  life 
in  the  mines. 

Today  the  Lake  Superior  region  as  a  whole  stands  second  to  no  other 
metal-mining  district  in  the  United  States  in  its  eiOforts  to  promote  the 
welfare  and  safety  of  the  miner.  Dangerous  practices  in  and  about  the 
mines  are  fast  disappearing.  The  operators  are  ready  and  eager  to 
adopt  any  expedient,  rule,  or  device  that  holds  forth  a  reasonable  promise 
of  reducing  the  hazards  of  the  miner.  Today  the  value  of  a  mine  captain 
or  shift  boss  is  reckoned,  not  alone  on  his  ability  to  "get  the  ore,"  but  also 
on  his  capacity  for  reducing  accidents.  While  the  progress  made  has 
been  remarkable,  there  still  remains  much  to  be  done,  for  the  accident 
records  of  the  Lake  Superior  iron  mines,  while  lower  than  those  of  the  chief 
metal-mining  regions  of  the  United  States,  still  compare  unfavorably  with 
those  of  the  metal  mines  of  practically  all  foreign  countries. 

Organizations  Engaged  in  Safety  Work 

There  are  five  organizations,  or  institutions,  engaged  in  safety  work  in 
the  Lake  Superior  region,  viz.:  The  mining  companies;  county  mine 
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inspectors;  co-operative  range  committees;  Lake  Superior  Mining  Insti- 
tute; Federal  Bureau  of  Mines. 

While  each  of  these  bodies  covers  well-defined  features  of  the  work, 
their  activities  are  correlated  to  a  certain  extent.  The  mining  companies, 
primarily,  are  concerned  with  conditions  in  their  respective  mines,  but 
they  co-operate  with  and  receive  aid  from  the  other  agencies  mentioned. 
The  county  mine  inspectors,  whose  duty  it  is  to  see  that  the  mines  are 
operated  with  due  regard  to  the  State  laws,  are  of  great  assistance  to  the 
mining  companies  in  suggesting  remedies  for  dangerous  conditions  or  prac- 
tices. The  co-operative  range  committees,  made  up  as  they  are  of  officials 
and  employees  of  all  companies  operating  within  a  given  radius,  are  a 
benefit  to  the  body  of  operators  of  their  respective  ranges.  The  com- 
mittee of  the  Lake  Superior  Mining  Institute  on  practices  for  the  pre- 
vention of  accidents,  concerns  itself  chiefly  with  questions  ef  safety  of 
widespread  interest;  it  of  course  has  the  co-operation  of  the  other  bodies 
interested.  The  Federal  Bureau  of  Mines  is  chiefly  active  in  training, 
miners  in  the  use  and  care  of  rescue  apparatus  and  in  first  aid  to  the  in- 
jured; also,  it  has  conducted  special  investigations  of  certain  problems 
having  to  do  with  safety  and  efficiency  in  the  mines. 

The  unity  of  ultimate  purpose  and  the  strong  co-operative  spirit 
which  have  characterized  the  work  of  these  five  bodies  have  been  impor- 
tant factors  in  the  development  of  the  conditions  of  today. 

The  Work  op  the  Mining  Companies 

The  bulk  of  the  cost  of  the  safety  work  has  been  and  is  still  borne  by 
the  mining  companies.  In  the  main,  their  work  has  been  to  provide  pro- 
tective devices  in  and  about  the  mines,  and  to  educate  the  miners,  by 
means  of  rules  and  .regulations  and  various  other  methods,  so  as  to  enable 
them  to  protect  themselves  from  injury.  These  objects  seem  easy  of 
accomplishment,  but  there  are  obstacles  of  various  kinds  continually 
arising  to  hinder  progress  toward  the  desired  end.  Some  of  the  most 
serious  factors,  most  of  which  still  exist  to  a  greater  or  less  extent,  are 
the  prejudice  of  the  old-time  miner  or  boss  toward  safety  regulations; 
carelessness  and  lack  of  interest  in  safety  work  on  the  part  of  the  miners, 
and  even  the  bosses;  and  at  times  the  scarcity  of  labor,  which  necessitates 
the  employment  of  less  skilled  and  oftentimes  ignorant  men. 

The  greatest  problem  today  is  not  to  secure  knowledge  of  how  safety 
work  should  be  conducted,  and  what  protective  devices  to  use,  but  how  to 
get  the  miner  to  use  these  methods  and  devices.  Probably  not  10  per 
cent,  of  the  miners,  if  subjected  to  an  examination,  would  show  even  a 
passing  knowledge  of  the  contents  of  the  books  of  rules  and  regulations. 
Safety  devices,  provided  at  great  expense,  are  often  found  removed  from 
their  places,  or  disregarded  entirely. 
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The  first  problem  of  the  mining  companies  was  to  provide  for  an  or- 
ganization to  carry  on  the  safety  work;  then  to  devise  means  of  protecting 
the  miner  and  of  educating  him  and  securing  his  co-operation  in  the  pre- 
vention of  accidents. 

Organization 

Practically  every  mining  company  in  the  district  now  has  some  indi- 
vidual, or  organization,  whose  duties  relate  solely  to  safety  work.  The 
larger  companies  have  well  organized  safety  departments.  The  following 
brief  outline  of  safety  organizations  will  indicate  the  usual  procedure  in 
this  connection: 

1.  The  mines  covered  by  this  organization  are  large  and  are  all  situ- 
ated on  one  of  the  iron  ranges  of  Michigan.  The  safety  department  is  in 
charge  of  an  inspector  and  it  is  his  duty  to  inspect  all  mines  as  frequently 
as  possible  and  submit  reports  and  recommendations  to  the  manager. 
Periodical  trips  are  made  in  and  about  the  mines  by  a  committee  of  mine 
foremen  consisting  of  three  members,  each  of  whom  is  selected  from  a 
different  mine.  The  inspector  accompanies  this  committee  and  incor- 
porates its  recommendations  in  a  report.  Another  committee,  having 
similar  duties,  is  made  up  of  workmen.  The  activities  of  this  committee, 
however,  are  limited  to  the  mine  from  which  it  is  selected.  The 
members  are  changed  after  each  inspection,  so  that  in  time  all  em- 
ployees are  given  a  chance  to  criticize  conditions  in  and  about  the  mine. 

All  accident  reports  and  safety  recommendations  are  considered  by  a 
committee  of  mine  superintendents,  the  head  mining  captain,  master 
mechanic,  assistant  auditor,  secretary  of  the  pension  department,  safety 
inspector,  and  the  manager,  who  acts  as  an  ex-offido  member.  This 
committee  meets  once  a  month  and  confirms  or  rejects  safety  recommen- 
dations. 

In  addition  to  the  above  committees,  there  is  one  more  made  up  of 
three  mine  superintendents.  This  committee  investigates  all  fatal  acci- 
dents and  makes  a  report  thereon  to  the  manager. 

2.  The  following  form  of  organization  is  employed  by  a  company 
operating  both  large  and  small  mines  at  various  scattered  points.  The 
department  is  under  an  inspector,  who,  with  the  assistance  of  three  ex- 
perienced miners,  inspects  each  mine  of  the  company  at  least  twice  a  week. 
After  a  mine  is  examined,  a  report,  including  any  recommendations 
thought  necessary,  is  sent  to  the  safety  inspector.  The  safety  inspector 
in  turn  makes  a  weekly  report  to  the  superintendent,  who  looks  after  all 
recommendations  having  to  do  with  upkeep.  The  safety  inspector 
makes  a  monthly  report  in  triplicate  to  the  manager  in  which  recommen- 
dations are  submitted  for  approval.  Such  recommendations  are  made 
out  to  the  head  of  the  department  concerned.  When  approved  by  the 
manager,  one  copy  is  returned  to  the  safety  inspector,  to  be  kept  by  him 
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until  the  indicated  improvement  is  made.  Two  copies  go  to  the  super- 
intendent, who  keeps  one  and  sends  the  other  to  the  head  of  the  depart- 
ment concerned.  On  the  completion  of  the  improvement,  the  head  of  the 
department  sends  the  recommendation  back  to  the  superintendent,  who 
then  destroys  his  copy  and  sends  the  indorsement  of  completion  to  the 
safety  inspector.  The  safety  inspector  destroys  his  record  and  i&les  in  its 
place  the  report  showing  that  the  improvement  has  been  made.  This 
report  is  in  the  form  of  a  printed  card  with  blank  spaces  filled  in  according 
to  the  needs. 

All  company  bosses  and  first-aid  men  meet  once  every  two  months  to 
.  discuss  all  accidents  that  have  occurred  during  the  previous  two  months. 
The  subjects  discussed  at  these  meetings  are  safety,  sanitation,  first  aid 
and  welfare. 

3.  A  similar  organization  to  that  described  above  is  maintained  by  a 
company  operating  small  groups  of  mines  at  scattered  points.  A  chief 
inspector  is  in  charge  of  the  safety  work  at  all  the  mines.  The  foremen's 
safety  committee,  consisting  of  four  foremen  from  the  mines  of  a  certain 
district,  works  directly  under  the  chief  inspector.  This  committee  makes 
a  trip  every  three  months  through  all  mines  of  the  district.  Its  personne! 
is  changed  after  each  inspection  trip.  The  committee  reports  to  the 
inspector,  who,  in  turn,  includes  this  report  in  his  recommendations  to 
the  superintendent;  a  copy  of  the  report  also  goes  to  the  general  manager. 

4.  This  organization  operates  in  connection  with  one  large  mine. 
Inasmuch  as  the  organization  was  changed  after  the  safety  work  was 
well  under  way,  it  may  be  well  to  point  out  the  various  steps  in  perfecting 
the  organization.  An  engineer  was  placed  in  charge  of  a  department  of 
efficiency  and  safety.  He  first  made  a  thorough  study  of  conditions  in 
the  mine  and  determined  the  principal  causes  of  injury  to  the  men  em- 
ployed. Finding  that  the  greatest  number  of  accidents  occurred  from 
falls  of  rock  and  ore,  and  from  men  falling  down  unprotected  places  in  the 
mine,  timber  inspection  was  doubled  and  every  place  in  the  mine  where 
it  was  thought  that  there  was  a  possible  chance  for  a  fall  to  occur  was 
timbered.  All  open  places  were  protected  by  means  of  doors  or  gates. 
This  movement  effected  an  immediate  and  marked  falling  off  in  the  num- 
ber of  accidents  from  the  causes  mentioned. 

Finally,  three  assistants  were  added  to  the  department  and  each  one 
of  them  was  given  a  certain  feature  of  the  work  to  look  after.  This  was 
necessary  on  account  of  the  magnitude  of  the  operation.  The  safety  and 
efficiency  work  then  developed  into  daily  inspection  trips  by  all  the  mem- 
bers of  the  department.  Reports  were  made  by  them  to  the  head  of  the 
department,  who  considered  recommendations  made  and  obtained  im- 
mediate action  thereon  through  consultation  with  the  manager.  Lately 
these  daily  inspection  trips  have  been  abandoned;  the  members  of  the 
organization  now  average  two  or  three  trips  a  week  through  the  mine. 
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Daily  meetings;  attended  by  the  manager,  superintendent,  head  of 
the  efficiency  and  safety  department,  and  mine  captains,  are  held.  Here 
all  matters  pertaining  to  efficiency  and  safety  are  discussed.  As  these 
meetings  are  held  in  the  morning,  it  is  possible  to  hear  the  reports  of  the 
shift  bosses  to  the  mine  captain.  In  this  way  daily  happenings  and  condi- 
tions in  the  mine  receive  prompt  attention. 

Protedtive  Methods  and  Devices 

Under  the  head  of  protective  methods  and  devices  it  may  be  said,  in 
general,  that  the  work  proceeds  along  the  following  lines: 

A  study  of  mining  and  timbering  methods  with  a  view  to  greater  safety. 

A  study  of  safe  mtthods  in  every  department  of  mine  work. 

The  protection  of  dangerous  places  in  the  mine. 

Protective  coverings  for  all  exposed  parts  of  machinery. 

Installation  of  safety  devices  in  and  about  the  mine. 

The  provision  of  such  tools  and  appliances  as  will  result  in  the  maxi- 
mum safety  to  the  employee3. 

Installation  of  devices  for  protection  against  fire. 

The  inspection  of  all  working  places,  shafts,  and  machinery  at  stated 
intervals. 

The  method  of  carrying  on  the  inspection  work  is  indicated  in  the 
descriptions  of  the  various  types  of  organizations.  Nearly  all  of  the 
protective  methods  and  devices  are  suggested  through  information 
gained  on  the  inspection  trips. 

Wdfare  and  Educational  Work 

It  has  long  been  recognized  that  various  measures  looking  to  the 
welfare  of  workmen  are  most  desirable  from  many  standpoints.  In  the 
study  of  safety  work  it  has  developed  that  any  line  of  work  that  will  serve 
to  secure  the  co-operation  and  confidence  of  employees  is  of  the  greatest 
value  in  promoting  safety.  Without  the  co-operation  of  the  workmen 
safety  work  cannot  advance,  and  in  order  to  gain  this  co-operation  it  is 
necessary  first  to  secure  the  confidence  of  the  men.  Indeed,  many  stu- 
dents of  safety  believe  that  the  winning  of  this  confidence  and  co-operation 
constitutes  almost  the  entire  safety  problem.  Lake  Superior  mining 
companies  are  spending  as  much,  if  not  more,  money  in  welfare  and  edu- 
cational work  than  on  the  actual  installation  of  safety  devices. 

Among  the  activities  of  several  of  the  large  companies  looking  to  the 
welfare  of  the  miner  may  be  mentioned  the  following: 

The  provision  of  a  pension  fund  for  workmen  who  have  grown  old  in 
the  service  of  the  company;  erection  of  club  houses  where  the  workmen 
may  spend  their  idle  hours;  the  building  of  model  towns  and  houses  for 
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the  use  of  workmen;  the  ofifering  of  cash  prizes  for  the  best-kept  premises, 
lawns,  and  flower  gardens;  the  building  of  expensive  and  commodious  dry 
or  change  houses.  Practically  every  iron  mine  in  the  Lake  Superior 
region  is  provided  with  a  dry  or  change  house;  some  of  these  are  models  of 
cleanliness  and  perfection  in  other  details. 

Among  the  more  important  educational  features  designed  to  secure 
the  cooperation  of  the  miner,  may  be  mentioned  the  following: 

Rules  and  Regulations. — ^Practically  all  of  the  large  companies  issue 
to  their  workmen  books  of  rules  and  regulations.  In  some  cases  these 
books  are  printed  in  from  eight  to  ten  different  languages.  In  general, 
they  cover  all  departments  of  mine  work.  These  rule  books  in  the  past 
have  contained  many  regulations  that  were  not  enforced,  but  of  recent 
years  there  has  been  a  noticeable  tightening  in  this  respect  and  the  tend- 
ency now  is  to  eliminate  many  of  the  useless  rules  and  to  be  more  strict 
in  the  enforcement  of  those  retained.  There  is  still  room  for  improvement, 
however,  in  the  matter  of  enforcing  rules. 

Ca^h  Bonuses. — The  matter  of  cash  bonuses  to  bosses  and  others  for 
the  prevention  of  accidents  has  not,  in  the  past,  been  given  serious  con- 
sideration. During  the  last  year,  however,  the  managements  of  several 
companies  have  come  to  the  belief  that  an  equitable  system  of  cash  bon- 
uses will  be  of  value  in  reducing  accidents.  There  is  only  one  company 
that  has  really  put  the  system  into  operation.  While  the  method  used 
by  this  company  cannot  be  termed  strictly  a  bonus  system,  it  is  in  princi- 
ple the  same  thing.  By  paying  to  shift  bosses  salaries  that  were  larger 
than  those  paid  by  other  operators,  but  insisting  that  these  shift  bo^es 
be  safety  enthusiasts,  this  company  has  conducted  its  operations  with  a 
minimum  percentage  of  accidents  for  the  district.  One  large  company  is 
preparing  to  adopt  a  system  of  paying  large  cash  prizes  to  the  shift  bosses 
turning  in  the  best  records  as  to  the  number  of  men  killed  or  injured 
while  working  under  their  supervision. 

Publicity  of  Accident  Records. — ^A  method  of  attracting  the  attention 
of  the  workmen  to  the  hazards  of  their  employment,  which  has  been 
adopted  to  a  certain  extent,  is  to  post  placards  at  various  points  in  and 
about  the  mine  calling  attention  to  all  serious  accidents  that  happen,  and 
pointing  out  how  they  might  have  been  prevented.  In  some  cases 
sketches  and  photographs  are  used  as  illustrations  with  these  placards. 
At  some  mines  the  records  of  the  different  shift  bosses,  as  to  the  number 
of  accidents  that  happen  to  the  men  working  under  them,  are  posted  in 
conspicuous  places. 

Pay  for  Safety  Suggestions. — It  is  the  general  practice  in  the  district 
to  offer  cash  rewards  for  suggestions  from  workmen  that  may  lead  to 
safer  working  conditions. 

Firsts  Aid  and  Rescue  Instruction. — Through  the  activities  of  the  mining 
companies,  in  co-operation  with  the  Bureau  of  Mines,  miners  have  been 
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trained  in  first-aid  and  rescue  work  at  practically  every  mine  in  the  dis- 
trict. This  work  has  not  been  limited  to  three  or  four  men  at  a  mine,  but 
in  many  cases  has  been  continued  so  that  in  some  cases  as  many  as  20 
per  cent,  of  the  employees  have  received  first-aid  training.  Training  in 
rescue  work,  however,  has  usually  been  limited  to  from  five  to  ten  men 
at  a  mine,  or  group  of  small  mines. 

Work  of  the  County  Mine  Inspectors 

The  various  counties  of  the  Lake  Superior  district  in  which  mines 
are  situated,  are  each  provided  with  a  mine  inspector.  In  some  cases 
this  inspector  is  allowed  to  employ  such  assistants  as  may  be  necessary 
in  his  work.  The  various  counties  require  that  every  mine  shall  be 
inspected  at  stated  periods.  The  principal  duty  of  the  county  mine 
inspector  is  to  see  that  the  mines  are  operated  in  accordance  with  the  laws  . 
of  the  State.  He  is  empowered  with  authority  to  cause  the  closing  down 
of  a  mine  in  ease  the  management  refuses  to  comply  with  his  demands. 
In  reality,  these  inspectors  have  rendered  services  in  excess  of  what  is  de- 
manded of  them  by  law.  Through  the  study  of  conditions  in  the  mines 
they  gain  information  that  is  of  common  value;  such  information  is  dis- 
seminated to  mine  operators  in  the  form  of  suggestions  for  the  promotion 
of  safety.  One  inspector  has  gone  so  far  as  to  make  and  keep  records  of 
safety  devices  and  methods.  These  he  has  communicated  to  all  the  opera- 
tors in  his  county  through  the  medium  of  circular  letters  and  blueprints. 
The  efforts  of  these  county  mine  inspectors  and  their  assistants  have  gone 
far  toward  promoting  safety  in  the  mines  of  the  Lake  Superior  region. 

Work  of  the  Co-operative  Range  Committees 

There  have  been  organized  on  the  various  iron  ranges  what  may  be 
termed  co-operative  range  committees.  During  the  year  1913,  five  such 
organizations  were  perfected.  It  is  believed,  however,  that  only  three 
of  them  are  now  holding  regular  meetings  and  doing  efficient  work. 
These  committees  are  made  up  of  mine  superintendents,  mine  captains, 
shift  bosses,  safety  inspectors,  men  in  charge  of  first-aid  and  rescue  work 
and  other  mine  employees  interested  in  safety  work.  The  committees 
have  the  backing  of  the  management  of  the  mines,  which  stand  the  bulk 
of  the  expense  of  carrying  on  their  work.  The  organizations  are  made  up 
of  representatives  of  practically  all  companies  within  a  given  radius. 
For  instance,  the  Gogebic  Range  Mining  Association  includes  in  its  mem- 
bership representatives  from  all  companies  operating  on  the  Gogebic 
range.  The  purposes  of  this  organization,  as  set  forth  in  its  by-laws,  are 
to  promote  social  intercourse  and  the  interchange  of  ideas  on  all  subjects 
of  mining  interest,  for  the  mutual  benefit  of  its  members;  and  to  perpetuate 
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efficiency,  welfare,  safety,  mine-rescue  work  and  first  aid  to  the  injured 
in  and  about  the  mines.  These  purposes  are  accomplished  by  (a)  social 
meetings;  (6)  remarks,  discussions,  and  the  presentation  of  papers  by 
members  of  the  organization  at  different  times;  (c)  occasional  visits  to  the 
different  mines,  plants  and  properties  upon  invitation  of  the  management 
of  same;  and  (d)  occasional  competitive  meets  for  crews  trained  in  mine- 
rescue  work  and  first  aid  to  the  injured. 

The  greatest  good  done  by  these  committees  has  been  in  disseminating, 
for  the  benefit  of  all  the  mining  companies,  information  relating  to  safety, 
efficiency  and  other  mine  work.  They  have  developed  in  some  cases  into 
organizations  representing  the  needs  and  wishes  of  entire  communities. 
Their  opportunity  for  the  promotion  of  the  general  welfare  is  unlimited. 

Work  of  the  Lake  Superior  Mining  Institute 

The  Lake  Superior  Mining  Institute  some  years  ago  established  a 
committee  on  practices  for  the  prevention  of  accidents.  This  com- 
mittee holds  special  and  stated  meetings  at  which  are  considered  im- 
portant problems  relating  to  safety  and  mine  operation.  Among  im- 
portant subjects  upon  which  recommendations  have  been  made  may  be 
mentioned  the  uniformity  of  mine-accident  reports.  Under  present  con- 
ditions the  mining,  companies  make  reports  of  accidents  to  several  dif- 
ferent organizations,-  all  of  which  require  different  classifications  of 
accidents.  The  work  thus  entailed  is  enormous.  By  providing  a  imi- 
form  type  of  report  this  undue  work  may  be  eliminated.  Furthermore, 
reports  of  the  county  mine  inspectors,  although  satisfactory  as  far  as  the 
needs  of  each  county  are  concerned,  are  made  in  such  form  that  it  is  im- 
possible to  make  intelUgent  comparisons  of  records  of  the  various  counties. 
An  effort  will  be  made,  through  this  committee,  to  standardize  all  reports. 

In  addition  to  other  important  considerations,  a  study  is  now  being 
made  of  mine  rules  and  regulations,  with  a  view  to  eliminating  unnecessary 
regulations  and  including  others  that  appear  to  be  of  paramount  im- 
portance. 

This  committee  recently  considered  and  made  recommendations  that 
led  to  the  holding  of  a  first-aid  contest  at  Ishpeming,  Mich.,  during 
August,  1914.  This  meet  was  attended  by  teams  from  all  over  the  Lake 
Superior  region. 

Work  op  the  Federal  Bureau  op  Mines 

The  Federal  Bureau  of  Mines  has  headquarters  at  Ironwood,  Mich., 
established  in  November,  1912.  It  has  recently  acquired,  through  lease, 
a  small  tract  of  ground  on  the  right  of  way  of  the  Chicago  &  Northwestern 
Railway,  and  a  spur  has  been  built  thereon  for  the  accommodation  of  the 
rescue  car.     Arrangements  have  been  practically  perfected  under  which 
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the  operators  of  the  Gogebic  range  will  erect  a  building  containing  the 
necessary  office  room  and  housing  for  the  rescue  car. 

The  Bureau's  representatives  in  the  district  have  comprised  a  district 
engineer,  a  foreman  miner,  and  a  first-aid  miner.  The  rescue  car  has 
been  active  in  training  the  miners  of  the  entire  region  in  first  aid  to  the 
injured  and  rescue  work.  It  has  not,  however,  been  continuously  en- 
gaged in  this  work  owing  to  lack  of  available  funds.  Up  to  the  present 
time  there  have  been  trained  in  the  entire  district  a  total  of  approximately 
700  men  in  first  aid  to  the  injured,  and  400  men  in  the  use  of  oxygen 
breathing  apparatus.  These  men  have  trained  others  and  it  is  estimated 
that  there  is  now  a  total  of  2,000  men  in  the  district  who  have  received 
training  in  first  aid  to  the  injured,  and  1,000  men  who  have  received 
training  in  the  use  of  oxygen  breathing  apparatus. 

In  addition  to  this  work  of  training,  the  district  engineer  has  visited 
and  examined  a  large  proportion  of  the  mines  of  the  region.  These 
examinations  were  followed  in  some  cases,  at  the  request  of  the  manage- 
ment, by  recommendations  for  increasing  safety  in  the  mines.  Special 
investigations  undertaken  include  those  having  to  do  with  ventilation, 
mine  fires,  organization  and  conduct  of  safety  work,  the  use  of  mine  sign 
boards,  and  hoisting  signals.  Papers  have  been  written  on  these  sub- 
jects for  publication  by  the  Bureau  and  by  various  mining  institutes. 
Other  educational  work  carried  on  comprised  illustrated  lectures  to  the 
miners  in  and  about  the  mines  visited  by  the  rescue  car.  The  district 
engineer  brought  about  the  organization  of  the  co-operative  range  com- 
mittees mentioned  on  preceding  pages. 

The  activities  of  the  Bureau  of  Mines  have  doubtless  been  instrumen- 
tal in  furthering  the  work  of  safety.  Its  chief  function  has  been  in  stimu- 
lating activity  in  safety,  rescue,  and  first-aid  work.  The  moral  effect  of 
the  presence  of  the  car  and  its  attendants  has  served  to  call  the  attention 
of  the  miner  to  the  fact  that  the  subject  of  safety  and  first  aid  is  of  suf- 
ficient interest  and  importance  to  cause  the  government  to  take  an  active 
hand  in  the  work.  The  Bureau  of  Mines'  representatives  have  worked  in 
co-operation  with  the  operators  and  everyone  else  engaged  in  safety  work 
in  the  region,  and  have  been  favored  with  most  courteous  treatment  and 
co-operation  in  all  their  efforts.  It  might  be  added  here  that  the  writer 
has,  for  the  past  two  years,  served  as  district  engineer  of  the  Bureau  in  the 
Lake  Superior  region.  ♦ 

Results  of  the  Safety  Movement 

It  is  not  possible  at  this  time  to  prepare  a  statement  that  will  indicate 
the  full  measure  of  benefit  derived  from  the  practice  of  safety  work  in  the 
Lake  Superior  region.  The  safety  movement  is  practically  in  its  infancy, 
and  a  period  of  years  must  elapse  before  any  fair  estimate  can  be  made  of 
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the  actual  good  resulting  from  it.  That  all  classes  of  accidents  are  stead- 
ily decreasing  is  shown  by  tables  submitted  herewith;  the  next  few  years 
should  show  a  proportionate  or  even  greater  decrease. 

Inquiries  as  to  the  reduction  of  accidents  through  safety  work  directed 
to  all  the  operators  of  the  district  were  answered,  in  a  majority  of  cases, 
by  the  statement  that  records  are  not  yet  available;  there  were  many 
indefinite  replies  stating  that  accidents  had  decreased;  no  replies  were 
received  stating  that  accidents  had  increased.  Personal  inquiry  by  the 
writer  brought  forth  statements  from  the  most  important  operators  indi- 
cating that  safety  work  has  caused  a  material  reduction  in  accidents, 
and  that  they  are  all  desirous  of  continuing  the  work.  In  many  instances 
a  great  deal  of  enthusiasm  was  displayed.  An  interesting  statement 
regarding  fatal  injuries  sustained  by  employees  was  received  from  the 
management  of  a  large  iron  mine.  It  may  be  remarked  that  this  com- 
pany began  active  safety  work  early  in  1912.  The  statement  appears 
in  Table  I. 

Table  I. — Record  of  Fatal  Accidents  in  an  Iran  Mine 


Total  Number 

Number  of 

Fatal  Accidepts  per 

Year 

of  Men  Employed 

Fatal  Accidents 

per  Year  per  1,000  Men 

per  Day 

Year 

Employed 

1889 

185 

2 

10.81 

1892 

224 

2 

8.93 

1893 

259 

1 

3.86 

1898 

312 

11 

35.26 

1906 

372 

3 

8.07 

1906 

719 

16 

22.25 

1907 

731 

6 

6.84 

1908 

874 

3 

3.43 

1909 

1,060 

8 

7.62 

1910 

1,317 

12 

9.11 

1911 

1,235 

6 

4.86 

1912 

729 

5 

6.86 

1913 

1,548 

5 

3.23 

No  accurate  records  exist  of  accidents  in  the  Lake  Superior  mines  for 
a  period  of  years.  The  Bureau  of  Mines  only  began  the  collection  of 
accident  statistics  in  metal  mines  in  1911.  However,  a  compilation 
showing  the  fatal  accidents  for  ten  years  previous  to  1911  has  been  made 
by  O.  C.  Davidson,  General  Superintendent,  Oliver  Iron  Mining  Co., 
Iron  Mountain,  Mich.  Mr.  Davidson  reviewed  the  county  mine  in- 
spectors' reports  from  Sept.  30,  1901,  to  Sept.  30,  1911.  With  the  data 
thus  obtained,  and  tonnages  based  on  statements  of  shipments  published 
by  the  Iron  Trade  Review j  he  was  able  to  prepare  this  interesting  state- 
ment. The  compilation  is  submitted  herewith  as  Table  II.  Attention 
is  directed  to  the  low  death  rate  indicated  in  Dickinson  county  and  the 
high  rate  in  Iron  county. 
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The  number  of  fatal  accidents  and  other  data  for  the  years  1911  and 
1912  are  shown  in  Table  III.  It  may  be  noted  from  this  table  that  Minne- 
sota stands  first  and  Michigan  second  in  the  column  showing  the  number 
of  men  killed  per  thousand  employed.  The  other  States  included  in  this 
table  comprise  the  chief  metal-mining  States  of  the  country.  The  figures 
for  Michigan  and  Minnesota  serve  the  further  purpose  of  showing  the 

Table  II. — Summary  of  Fatal  Accidents  in  Michigan  Iron  Mines  from 
Sept.  30,  1901,  to  Sept.  30,  1911 


County 

Tons  of  Ore 

Mined 

10  Years 

Total 

Number  of 

Employees 

10  Years 

Number 

of  Fatal 

Accidents 

Reported 

Tons  of  Ore 
Produced 
per  Fatal 
Accident 

Fatal 
Accidents 
per  1,000 

Men 
Employed 

Dickinson 

22,601,474 
36,721,389 
29,191,952 
17,986,380 

31,836 
57,161 
42,471 
20,962 

84 
248 
226 
158 

269,065            2.638 
148,070            4.339 
129,168            5.321 
naasR           7  K37 

Marquette 

Gogebic 

Iron 

106,501,195 

152,430 

716             148,745            4.697 

i 

Table  III. — Fatal  Accidents  in  Various  Metal-Mining  States  During  the 
Calendar  Years  1911  and  1912 


State 


Number  of  Oper- 
ators Reporting 


Total  Number 
of  Employees 


Number 
KUled 


Killed  per 

1,000 
Employed 


1911 


1912 


Alabama. . 
Arizona . . . 
California . 
Colorado . . 

Idaho 

Michigan'* . 
Minnesota^ 
Wisconsin* . 
Montana.. 
Nevada. . . 
Utah 


25 

352 

855 

660 

513 

74 

40 

8 

332 

472 

295 


20 

479 

1,048 

624 

639 

79 

43 

11 

405 

554 

336 


1911 


4,101 
12,768 
10,877 
10,404 

4,801 
31,584 
16,548 

1,157 
13,346 

6,210 

7,710 


1912 

1911 

1912 

4,827 

10 

33 

15,591 

70 

67 

10,312 

38 

40 

8,892 

43 

48 

6,229 

23 

29 

29,469 

134 

96 

16,559 

76 

50 

2,338 

2 

9 

13,340 

62 

50 

7,547 

60 

34 

8,458 

49 

41 

1911 


2.44 
5.48 
3.49 
4.13 
4.79 
4.24 
4.59 
1.73 
4.65 
8.05 
6.36 


1912 


6.84 
4.30 
3.88 
5.40 
4.66 
3.26 
3.02 
3.85 
3.75 
4.51 
4.85 


•  In  copper  mines,  14,893  men  employed,  44  killed,  2.95  killed  per  1,000  employed. 
In  iron  mines,  14,378  men  employed,  52  killed,  3.62  killed  per  1,000  employed. 

*  All  iron  mines. 
'  All  irofn  mines. 
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decrease  in  fatal  accidents  as  compaFed  with  the  10  years  indicated  in 
Table  II.  These  figures  were  obtained  from  Bureau  of  Mines  Technical 
Paper  No,  61,  metal  Mine  Accidents  in  the  United  States  During  the 
Calendar  Year  1912,  by  A.  H.  Fay.  Figures  for  1913  are  not  yet  avail- 
able. From  county  mine  inspectors'  reports,  however,  it  is  probable 
that  the  iaccident  rate  for  the  Lake  Superior  region  during  1913  will  show 
a  marked  decrease. 

In  summing  up  the  beneficial  results  of  the  safety  movement,  it  may 
be  said  that  by  far  the  most  valuable  accompUshment  has  been  the 
reduction  in  the  number  of  deaths,  and  serious  and  permanent  injuries. 
This,  of  course,  has  been  brought  about  through  the  improved  working 
conditions  in  the  mines,  more  vigorous  inspection,  and  the  reduction  of  the 
hazards  to  the  worker  through  the  use  of  various  safety  devices.  Bodily 
suffering  has  been  reduced,  the  earning  power  and  efficiency  of  the  worker 
has  been  increased,  and  mental  sufiFering  and  hardship  on  the  part  of 
widows,  orphans  and  other  dependents  has  been  lessened. 

Not  only  have  beneficial  results  been  forthcoming  from  a  humani- 
tarian standpoint,  but  also  from  a  financial  standpoint.  When  a  miner 
is  injured  the  money  that  he  can  contribute  toward  the  support  of  his 
dependents  is  curtailed  in  proportion  to  the  seriousness  of  his  injury.  If 
the  miner  is  killed  the  support  of  his  dependents  devolves  upon  others, 
thus  giving  them  a  double  burden  to  bear.  The  employer  also  sustains 
financial  loss,  both  in  hospital  expenses  and  in  the  payment  of  compensa- 
tion. On  the  Marquette  range,  when  a  miner  is  killed,  it  has  long  been  a 
custom  for  the  entire  mine  force  to  cease  work  until  the  victim  of  the 
accident  has  been  buried.  The  loss  caused  in  this  way  amounts  to 
approximately  $2.30  per  day  per  man  involved,  and  an  average  of  $500 
in  fixed  charges  to  the  company  for  every  fatal  accident. 

Another  source  of  financial  loss  is  that  sustained  by  the  tax  payers  for 
the  maintenance  of  courts  for  the  trial  of  damage  suits.  Investigation 
discloses  that  in  one  Minnesota  county  $75,000  per  annum  has  been  spent 
in  this  manner. 

In  addition  to  the  reduction  in  the  loss  of  life,  and  the  saving  in  money 
to  both  the  miner  and  the  operator,  other  benefits  have  developed.  There 
appears  to  be  a  better  understanding  between  employer  and  employee 
and  the  miners  are  beginning  to  realize  that  the  safety  work  is  being  done 
for  their  benefit.  Throughout  the  district  a  strong  spirit  of  co-operation  is 
noticeable,  not  only  between  the  miner  and  employer,  but  between  the 
officials  of  the  various  mining  companies  and  mining  districts.  Informa- 
tion regarding  safety  and  efficiency  work  is  exchanged  between  operators 
with  the  utmost  freedom,  and  there  is  hardly  a  mine  in  the  region  that  is 
not  open  for  inspection  as  far  as  safety  devices  and  methods  are 
concerned. 
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Cost  op  Safety  Work 

It  has  been  impossible  to  arrive  at  even  an  approximate  estimate  of 
the  amount  of  money  spent  on  safety  work  in  the  Lake  Superior  district. 
Inquiries  directed  to  all  of  the  companies  by  the  Bureau  of  Mines  in  1913 
were  in  a  large  majority  of  cases  answered  by  the  statement  that  no  record 
has  been  kept  of  the  money  spent.  Of  course,  many  of  the  companies  that 
have  separate  safety  departments  have  kept  records,  but  even  some  of 
these  are  incomplete  in  that  they  do  not  include  money  spent  before  the 
completion  of  the  safety  organization.  Accurate  figures  should  be 
obtained  in  the  future,  however,  as  safety  work  is  becoming  more  and 
more  a  definite  part  of  mine  operation. 

Perhaps  an  extreme  case  in  the  matter  of  expenditures  in  safety  work 
is  reported  in  the  following  statement  taken  from  Bureau  of  Mines  Tech- 
nical Paper  No.  30,  "Mine-Accident  Prevention  at  Lake  Superior  Iron 
Mines,  by  D wight  E.  Woodbridge: 

Cost   of  Safety   Devices   Installed   by   One  Lake  Superior  Iron  Mining 

Company  in  1911. 

Menominee  range,  Michigan  and  Wisconsin $8,196 

Gogebic  range,  Michigan  and  Wisconsin 15,733 

Marquette  range,  Michigan 19,937 

Vermillion  range,  Minnesota 11,327 

Baraboo  district,  Wisconsin 222 

Mesabi  range,  Minnesota: 

Hibbing  district 18,770 

Chisholm  district 11,142 

Adams  district 8,001 

Fayal  district 8,525 

Virginia  district 14,815 

Canisteo  district 21,152 

$137,820 

Table  IV,  showing  expenditures  per  year  of  various  companies  for  safety 
work,  will  serve  to  throw  some  light  on  this  subject,  although  the  figures 
are  extremely  variable.  It  may  be  noted  that  the  figures  in  this  table 
account  for  only  5,480  men,  whereas  there  were  employed  in  the  iron 
mines  of  Michigan,  Minnesota,  and  Wisconsin,  during  1912,  a  total  of 
33,275  men.  From  this  table  it  appears  that  the  lowest  sum  spent  per 
year,  per  man  employed,  was  $1;  while  the  highest  is  more  than  $48. 
The  average  for  the  whole  is  $10.10  per  year  per  man  employed,  which 
is  probably  a  high  average  for  the  region. 

One  company,  employing  over  2,000  men,  spends  approximately  $6 
per  year  per  man  employed.  This  company  has  a  well-organized  and 
efficient  safety  system.  Another  large  company  spends  slightly  more 
than  this.     In  this  connection  it  must  be  considered  that  in  the  bemnning,| 
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Table  lY—ETpenditurea  during  1912  for  Safety  Work  of  Some  Lake  Supe- 
rior Iron  Mining  Companies 


Annual  Production, 

Number  of  Men 

Long  Tons 

Employed  Daily 

Amount  Expended 

237,358 

297 

$5,075 

225,000 

265 

2,000 

75,000 

130 

1,000 

350,000 

110 

3,000 

400,000 

150 

3,000 

250,000 

310 

15,000 

28,100 

40 

230 

169,708 

154 

885 

210,068 

158 

480 

155,000 

110 

903 

128,465 

120 

4,850 

312,000 

85 

1,000 

1,250,000 

1,000 

1,000 

2,033,242 

2,178 

13,715 

3,700 

38 

311 

124,000 

175 

1,500 

102,400 

160 

1,407 

5,480 

$55,356 

when  safety  devices  are  being  installed,  the  expense  is  greater  than  in 
succeeding  years.  It  is  probable  that  a  fair  average  for  maintaining 
safety  work,  after  the  preliminary  work  has  been  done,  would  be  in  the 
neighborhood  of  $5  per  year  per  man  employed.  During  the  year  in 
which  safety  devices  are  ^installed,  if  an  elaborate  system  be  adopted,  the 
cost  may  run  as  high  as  S 10  or  more  per  man. 


Does  Safety  Work  Pay? 

Answering  the  question  as  to  whether  or  not  safety  work  pays,  one 
may  say  without  hesitation  that  it  pays  enormously  from  a  humanitarian 
standpoint.  There  is  no  argument  here.  The  records  of  many  coal 
companies  and  other  organizations  which  have  practiced  safety  work 
for  a  number  of  years  show  undoubtedly  that  it  pays  also  from  a  financial 
standpoint.  As  to  figures  on  this  phase  of  the  question  in  the  Lake  Su- 
perior district,  nothing  accurate  is  possible  of  compilation.  Without  the 
cost  of  the  work  as  a  basis,  acceptable  figures  cannot  be  submitted. 

However,  there  is  a  method  of  arriving  at  approximate  figures,  based 
upon  actual  conditions  in  the  Lake  Superior  region.  Before  going  into 
this,  it  seems  proper  to  submit  some  figures  regarding  the  compensation 
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that  must  be  paid  to  miners  for  various  classes  of  injuries.  The  States  of 
Michigan,  Minnesota,  and  Wisconsin  all  have  in  force  a  workman's  com- 
pensation act.  The  following  information  is  from  the  Public  Acts  of  the 
State  of  Michigan,  the  provisions  of  which  differ  Uttle  from  those  of 
Wisconsin  and  Minnesota. 

In  case  of  a  fatal  injury  to  an  employee,  the  employer  must  pay  to 
the  dependents  of  the  injured  a  weekly  sum  equal  to  one-half  his  average 
weekly  wages,  but  not  more  than  $10  or  less  than  $4  a  week,  for  a  period 
of  300  weeks  from  the  date  of  the  injury. 

In  case  of  permanent  disability  resulting  from  injury,  the  employer 
shall  pay  to  the  injured  a  weekly  compensation  equal  to  one-half  his 
average  weekly  wages,  but  not  more  than  $10  or  less  than  $4;  in  no  case 
shall  the  period  covered  by  such  compensation  be  greater  than  600  weeks, 
nor  shall  the  total  amount  of  such  compensation  exceed  $4,000. 

Thus  it  may  be  seen  that  a  permanent  injury  may  cost  the  company 
more  than  a  fatal  injury.  For  injuries  resulting  in  temporary  disabiUty, 
the  injured  receives  a  weekly  compensation  equal  to  one-half  the  differ- 
ence between  his  average  weekly  wages  before  the  injury  and  the  average 
weekly  wages  which  he  is  able  to  earn  thereafter,  but  not  more  than  $10 
a  week;  and  in  no  case  shall  the  period  covered  by  such  compensation  be 
greater  than  300  weeks  from  the  date  of  injury. 

The  above  provisions  are  followed  by  a  long  Ust  of  payments  to  be 
made  to  the  injured  in  case  of  the  loss  of  a  finger,  a  hand,  a  foot,  an 
eye,  etc. 

In  order  to  show  what  saving  may  be  effected  through  the  practice 
of  safety  work,  let  us  assume  an  iron  mine  employing  1,000  men  per  day, 
in  which  no  money  is  spent  for  safety  work.  Past  experience  has  pointed 
out  that  a  mine  of  this  size,  making  no  attempt  to  prevent  accidents,  may 
easily  make  the  following  yearly  accident  record: 

Number  of  men  killed 6 

Number  of  men  seriously  injured 40 

Number  of  men  slightly  injured 250 

A  serious  injury  may  be  considered  as  one  that  incapacitates  the  work- 
man for  more  than  20  days;  a  slight  injury  one  that  incapacitates  him  for 
less  than  20  days.  The  total  cost  in  compensation  for  this  sum  of  acci- 
dents, based  upon  the  compensation  stated  above,  may  be  as  follows: 

6  men  killed,  at  $2,600  each $15,000 

2  men  permanently  injured,  at  $3,000  each 6,000 

13  men,  average  disability  20  weeks,  at  $7  per  week 1,820 

25  men,  average  disability  8  weeks,  at  $7  per  week 1,400 

250  men  slightly  injured,  average  disability  1  week,  at  $7  per  week 1,750 

Legal  fees,  hospital  and  other  casualty  expenses 15,000 

Total $40,970 
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This  tabulation  does  not  include  payments  for  the  loss  of  hands,  feet, 
etc.  In  total  amount  it  is  below  many  records  that  have  been  noted  by 
the  writer. 

Now,  let  us  suppose  that  this  company  had  practiced  safety  work, 
and  that  the  death  rate  was  three  men  killed  per  1,000  employed  (approxi- 
mately the  Minnesota  1912  rate)  and  the  injuries  proportionately  lower. 
This  would  mean  a  reduction  of  one-half,  or  a  saving  of  approximately 
$20,000. 

Of  course  the  safety  work  will  cost  something,  but  even  if  it  amounted 
to  $10  per  year  per  man  employed,  or  $10,000  in  this  case,  there  would 
still  be  a  balance  of  $10,000  saved. 

Conclusions 

It  has  not  been  the  intention  in  this  paper  to  convey  the  idea  that  the 
Lake  Superior  iron  ranges  comprise  the  only  metal-mining  region  in  the 
United  States  where  efficient  safety  work  is  done.  It  is  acknowledged 
that  there  are  individual  mines  elsewhere  that  can  show  accident  records 
just  as  good,  and  possibly  better  than  those  of  some  of  the  Lake  Superior 
mines;  also  that  the  safety  movement  is  gaining  ground  throughout  the 
various  metal-mining  districts  of  the  United  States.  The  op^erating 
companies  of  the  Lake  Superior  region  are  for  the  most  part  large  and 
strong  financially  and  they  can  well  afiFord  to  lead  the  way  in  work  of  this 
nature.  In  the  Western  metal-mining  States  there  is  a  much  larger  pro- 
portion of  small  operations  and  prospects,  the  owners  or  lessees  of  which 
cannot  afford  to  go  to  great  lengths  in  the  matter  of  safety. 

It  is  hoped  that  all  mine  operators,  from  the  insignificant  prospector 
to  the  wealthy  magnate,  will  eventually  recognize  the  value  of  safety 
work.  Sufficient  records  are  now  available,  both  from  coal-  and  metal- 
mining  districts,  to  prove  that  safety  work  pays  from  every  standpoint. 
In  this  connection,  it  is  well  to  be  able  to  say  that  safety  work  pays  from 
a  financial  as  well  as  a  humanitarian  standpoint,  for  it  is  a  sad  but  true 
commentary  that  there  are  still  some  operators  who  cannot  be  appealed 
to  except  by  a  promise  of  financial  gain. 

The  writer  feels  that  he  has  not  done  justice  to  the  subject  matter 
of  this  paper,  especially  that  part  of  it  dealing  with  the  vast  good  that 
has  been  accomplished  through  the  lessening  of  death  and  suffering. 
Again,  some  data  concerning  other  phases  of  the  subject  have  of  necessity 
been  omitted  owing  to  the  short  time  that  was  available  in  which  to  pre- 
pare this  paper. 
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TRANSACnriONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  revisionI 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preMoted  in  person  at  the 
Pittsburg  meeting  October,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writins  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  20  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  1,  1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Oil  Fields  of  Mexico 

BY  EZEQUIEL  OBDONEZ/  ICBXICO  CITY|  MEXICO. 
(Pittsburg  Meeting.  October.  1914) 

I  HAVE  read  in  the  Bulletin  (May,  1914)  a  paper  by  H.  von  Hofer 
relating  to  the  Origin  of  Petroleum,  in  which  the  author  supports  his  and 
Engler's  views,  expressed  before,  of  the  organic  origin  of  petroleum. 
Von  Hofer  pronounces  strongly  against  the  hypothesis  of  the  volcanic 
origin  of  hydrocarbons,  as  particularly  advocated  by  Eugene  Coste. 

In  Mr.  Coste's  articles,  so  well  known  by  the  pubhc,  he  refers  incident- 
ally to  our  Mexican  oil  occurrences,  especially  of  the  Gulf  coast,  as  proofs 
of  the  volcanic  origin  of  the  oils.  This  belief  comes  from  the  fact  that, 
in  our  Mexican  oil  fields  of  the  east  coast,  the  majority  of  the  producing 
wells  are  located  near  volcanic  necks  (remnants  of  small  volcanoes, 
mainly  of  the  explosive  type),  or  near  certain  gibbosities  in  shales,  resem- 
bling mounds,  some  of  which  are  really  uplifts  due  to  volcanic  forces 
or  to  abortive  eruptions. 

The  first  attempt  to  explain  the  oil  coming  up  around  volcaniQ 
necks  in  Mexico,  was  made  by  me  in  a  small  article^  published  in  1905, 
soon  after  the  investigation  ordered  by  the  Mexican  government  as  to 
the  outlook  of  the  Mexican  Gulf  coast  as  a  future  oil  producer. 

When  E.  L.  Doheny  of  Los  Angeles,  CaL,  and  I  located  the  first  produc- 
ing well  of  Mexico,  I  was  also  the  first  to  predict  the  great  future  of  the  oil 
industry  in  Mexico,  just  at  the  time  when  the  government  and  some  Mex- 
ican geologists  felt  rather  pessimistic.  The  Mexican  investors  and  the 
general  pubUc,  as  a  result  of  these  discouragements,  did  not  pay  attention 
to  this  important  source  of  common  wealth  until  recent  days.  The  real- 
ization of  the  value  of  this  source  of  wealth  has  been  so  sudden  that  we  are 
menaced  by  the  consequences  brought  about  by  a  great  boom. 

It  was  quite  impossible,  about  five  years  ago,  to  induce  Mexican 
capitalists  to  invest  money  in  oil  lands.  So  the  few  large  foreign  compa- 
nies operating  since  the  beginning,  easily  secured  large  holdings,  in  spite 
of  the  trouble  frequently  resulting  from  faulty  titles  or  ownership. 

^  Sobre  algunose  ejemplos  probables  de  tubos  de  enipcion,  Memoricia  de  la  Sociedad 
Alz(Ue,  Tol.  xxii  (1905). 
*  Honorary  Member. 

Digitized  by  LjOOQ  IC 


2532  THE   OIL  FIELDS   OF  MEXICO 

The  main  object  of  this  short  paper  is  to  expound  the  fact  that  the 
connection  between  oil  and  small  volcanic  apparatus  is  exclusively 
mechanical,  having  nothing  to  do,  of  course,  with  the  origin  of  the  oil, 
which  is  hypothetically  considered  by  us  as  of  purely  organic  derivation. 
Our  oil  is  not  indigenous  to  the  rocks  in  which  are  contained  the  porous 
seams  where  it  is  accumulated. 

As  is  well  known,  the  Mexican  oil  lands  are  made  up  of  a  thick  shale 
formation  intercalated  in  places — especially  near  the  oil  seams — with  a 
kind  of  sandy  shale  and  thin  hard  flinty  beds  of  the  same  material.  These 
4,000  or  5,000  ft.  of  shale  overlie  probably  a  thick  Cretaceous  formation  of 
limestone  with  other  sedimentary  rocks  intercalated,  in  which  probably 
the  oil  originates. 

While  it  is  inferred  in  von  Hofer's  article  referred  to  (in  quoting  the 
views  of  a  Mexican  geologist),  that  the  oil  country  is  a  highly  disturbed 
one,  I  think  it  is  the  contrary.  That  section  of  the  east  coast  of  Mexico 
does  not  show  signs  of  great  movements.  The  shale  formation — as  seen 
in  cuts  made  by  rivers,  or  in  places  where  the  gravel  and  residuarj'-  mate- 
rial of  an  eroded  peneplain  which  mantled  it  are  washed  away — shows  only 
slight  gradient  undulations,  monoclinal  low  ridges  and  ample  vaults,  never 
big  or  repeated  foldings,  nor  great  displacements  by  faults.  The  latter, 
according  to  my  general  observation,  are  usually  of  very  small  importance. 

Dikes  are  practically  unknown  in  the  central  oil  lands,  between  the 
Tamesi  and  Tuxpam  rivers,  and  besides  the  necks  and  small  lava  streams 
there  are  some  rare  hills  of  plutonic  rocks  like  diorites  and  nepheline 
syenites.  Further  north  in  the  State  of  Tamaulipas  and  south  to  the  mid- 
dle part  of  the  State  of  Veracruz,  some  sierras  breaking  up  the  coastal 
plains  present  more  complex  geological  structures. 

Local  interior  areas,  very  much  disturbed,  certainly  exist,  but  have  not 
been  proven  productive  as  yet.  Highly  disturbed  shales  are  found  also 
as  a  belt  in  the  western  margin  of  the  formation  against  the  underlying 
limestone  of  which  the  foot  hills  and  the  eastern  Sierra  Madre  mountains 
are  built  up. 

The  volcanic  necks  are  seen  scattered  in  the  coastal  plain  commonly  as 
isolated  cones  or  as  small  groups  of  hills;  the  first  type  is  wonderfully 
represented  in  the  section  between  Chicontepec  and  Tuxpam,  of  the  State 
of  Veracruz.* 

We  should  not  make  the  volcanic  action  responsible  for  all  the  undukt- 
ing  and  gently  boss- like  structure  of  the  large  shale  oil  bearing  formation, 
for  everything  tends  to  prove  that  the  main  tectonic,  weak  as  it  is,  is  prior 
to  the  volcanic  activity  in  the  coast.  The  volcanic  plug  or  pipe  of  ashy 
and  compact  basaltic  lava,  of  which  the  neck  is  the  upper  end,  has  not 


^  Oil  in  the  State  of  Veracruz,  Mining  and  Scientific  Press,  vol.  xcv,  No.  8,  p.  247 
(Aug.  24,  1907). 
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produced  any  considerable  disturbance  of  the  shale  around  it,  and  I  figure 
that  its  passage  through  the  sedimentary  rock  was  like  a  screw  through 
a  piece  of  wood.  I  imagine  that,  during  the  making  of  the  pipes  and  the 
coming  of  masses  of  hidden  intrusive  igneous  material,  there  was  a  certain 
absorption  of  the  sedimentaries  by  the  igneous  molten  material  in  the 
depths,  also  the  breaking  of  the  sedimentaries  near  the  intrusion  and 
finally  a  narrow  aureole  around  the  plug  of  brecciated  or  broken  material 
caused  by  friction,  which  zone  is  utilized  in  many  cases  for  the  rising  of 
minute  quantities  of  oil  to  the  surface  and  the  formation  of  seepages  of 
very  slow  accumulation. 

A  number  of  large  seepages,  near  which  important  discoveries  have 
been  made,  are  found  at  the  foot  of  the  necks  between  the  shale  and  the 
basaltic  rock;  other  seepages  lie  in  the  flanks  of  dome-shaped  bosses.  In 
no  rare  cases  dry  hard  cakes  of  chapopote,  with  a  soft  freshly -risen  heavy  oil 
in  the  center,  are  encountered  in  the  bottom  of  small  amphitheaters,  or 
horseshoe-like  encircling  spaces,  or  in  general  in  the  concavities  made  by 
curved  rows  of  volcanic  hills  and  small  ranges.  These  different  cases  of 
seepages  are  very  favorable  for  locating  wells,  as  proved  by  experience 
(Cerro  de  la  Pez,  Chijol,  Juan  Casiano,  Cerro  Azul,  etc.).  Numbers  of 
small  seepages  or  chapopoteras  are  found  in  the  middle  of  the  coastal 
plain  far  from  any  salient  topographical  accident.  It  is  frequently 
observed  then  that  the  oil  exude  is  not  coming  directly  from  underneath 
the  place,  as  seen  from  the  surface,  but  that  it  has  run,  sometimes  for  con- 
siderable distance,  on  the  shale  between  it  and  the  thick  argillaceous 
material  covering  that  rock. 

In  the  present  state  of  our  geological  knowledge  of  the  oil  lands  it  is 
diflScult  to  explain  some  important  productive  areas  near  river  banks 
which  have  no  apparent  connection  with  volcanic  outbreaks  nor  with 
'bosses.  Unfortunately,  data  collected  during  drilling  and  observa- 
tions of  the  experts  in  this  and  other  particular  cases  never  come  to  the 
public  domain. 

I  have  seen  many  cases  of  very  small  exudes  dropping  slowly  from 
narrow  cracks  and  little  faults  in  the  cliffy  banks  of  rivers  where  the  shales 
are  cut  by  erosion.  This  is  the  case  in  several  places  on  the  rivers  Teco- 
lutla,  Tuxpam,  Calabozo,  PAnuco,  Tamesf,  Valles,  etc. 

The  unimportant  veins  of  albertite  and  grahamite,  so  well  known  in 
the  coast,  proceed  probably  from  old  exudes  filling  cracks  and  fissures 
where  the  chapopote  dries  slowly,  becomes  a  little  oxidized  and  is  then 
subjected  to  pressure. 

Lighter  oil  than  that  commonly  found  on  the  coast  central  oil  lands 
appears  to  be  found  at  shallower  depths  in  the  disturbed  shales  near  the 
limestones  at  the  foot  hills  of  the  eastern  Sierra  Madre  mountains.  This 
seems  to  coincide,  as  in  Aquismon,  with  local  impregnation  of  the  lime- 
stones by  light-oil  products.     In  this  case  the  oil  probably  comes  up 
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through  the  contact  between  the  shale  and  the  limestone  which  lie  in 
unconformity.  ^ 

While  in  this  upper  belt  of  the  oil  country  conditions  are  still  entirely 
unknown,  it  seems  to  the  writer  that  a  possible  source  of  petroleum  exists 
in  this  long  belt,  under  conditions  probably  different  from  the  areas  al- 
ready known,  or  in  the  way  of  development,  nearer  the  Mexican  Gulf 
shore,  or  in  the  estuaries  bordering  it. 

I  have  carefully  studied,  under  the  microscope,  the  sandy  sediment 
accompanying  the  oils  coming  from  several  wells;  especially  from  those 
near  Tampico.  This  sediment  is  composed  of  minute  shale  splinters 
and  rounded  grains  of  basaltic  material,  similar  to  the  rock  of  the  necks. 
The  volcanic  origin  of  certain  mounds  and  the  influence  of  volcanic 
action,  as  facilitating  the  accumulation  of  oil,  is  demonstrated  by  what  we 
have  seen  of  volcanic  rock  particles  brought  with  the  oil  from  wells 
where  no  necks  or  any  other  volcanic  rock  exposures  are  found  in  the 
vicinity. 

The  4,000  or  5,000  ft.  thickness  of  uniform  shale  oil-bearing  strata  is 
naturally  very  impervious.  We  often  have  to  drill  hundreds  of  feet  in 
entirely  dry  shale  even  in  close  proximity  to  the  sea  and  many  feet  below 
the  ocean  level. 

If,  as  we  suppose,  the  shale  formation  is  not  very  much  disturbed  and 
there  are  no  real  porous  continuous  strata  in  the  formation,  we  have  to 
believe,  as  far  as  our  incomplete  knowledge  goes  today,  that  the  porous 
seams,  afterward  impregnated  with  oil  at  the  common  depths  of  2,500  to 
2,700  ft.  at  which  we  have  generally  found  the  oil,  are  made  by  volcanic 
action.  Masses  of  strata  corroded  by  molten  lava  extend  to  this 
depth.  It  is  evident  that  the  strata  which  become  porous  ought  to  show  a 
particular  physical  structure  and  a  somewhat  particular  chemical  com- 
position different  from  the  rest  of  the  bedding,  which  facilitates  both  cor- 
rosion and  partial  absorption  by  the  hot  molten  lava.  We  imagine  the 
oil  seams  elongated  horizontally  like  sills  of  large  dimensions.  In  order 
to  show  the  capacities,  let  us  consider  a  seam  or  a  group  of  seams  capable 
of  producing  3,000,000  barrels  without  intefruption,  as  in  the  case 
of  thh  first  producing  well  of  Mexico  at  Cerro  de  la  Pez  near  El  Ebano,  or 
of  the  famous  burned  well  of  Dos  Bocas. 

The  peculiarities  of  the  strata  as  supposed  to  exist,  while  of  a  nature 
absolutely  unknown  to  us,  must  exist,  since  there  is  in  our  oil-bearing 
strata  something  like  an  oil  horizon  at  an  average  depth  of  2,600  ft. 

The  exhaustion  of  a  good  producing  well  is  marked  by  the  presence  of 
abundant  salt  water,  mud  and  sulphuric  acid  solution.  The  porous  spaces 
after  giving  the  oil,  are  probably  refilled  partially  with  salt  water  coming 
up  to  the  seams  by  the  old  deeper  conduits.  The  ascension  of  the  oil 
through  the  drilling  holes  is  caused  by  abundant  high-pressure  gas;  the 
yield  of  the  wells  is  generally  intermittent.    There  are  gushers  of  very 
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long  life.     I  cited  several  times  the  first  producing  well  of  La  Pez  which 
produced  about  1,500  barrels  a  day  for  nearly  70  months. 

Particular  diflftculties  for  rapid  successful  drilling  are  to  be  encountered 
in  northern  Tamaulipas  and  south  Veracruz,  as  well  as  in  the  east  coast  of 
Oaxaca  and  Tabasco,  for  the  geological  conditions  of  the  shales  are  dis- 
simulated by  thick  cappings  of  river  and  marine  gravels  in  the  north  and 
muds  in  the  south  covering  the  vast  peneplain  extended  in  the  isthmian 
country.  The  particular  location  of  the  Isthmus  with  regard  to  the  rest 
of  the  eastern  coast  of  Mexico  and  the  Yucatan  peninsula  has  created 
peculiar  climatic  conditions  facilitating  new  detrital  masses  favored  by 
abundant  rains,  winds,  heat,  rivers,  etc. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OP  MINING  ENGINEERS 
[subject  to  bevision) 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Pittsburg  meeting,  October.  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writins  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
3Qth  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  1, 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


An  Aerial  Tramway  for  Mining  Cliff  Coal 

BY  ABTHUB  E.  QIBSONj  STOBBS,  UTAH 
(Pittsburg  Meeting.  October.  1914) 

Synopsis. — A  new  feature  in  coal  mining,  where  the  coal  is  to  be  con- 
veyed from  a  high  to  a  lower  elevation  and  the  topography  of  the  country 
is  such  as  to  preclude  surface  haulage. 

The  distance  from  the  mine  to  the  tipple  in  this  instance  is  about  3,000 
ft.  and  the  difference  in  elevation  between  the  terminals  321  ft.,  of  which 
225  ft.  occurs  in  the  first  1,300  ft.  from  the  loading  terminal. 

A  mine  car  was  designed  especially  for  this  plant  consisting  of  two 
tramway  buckets  on  one  pair  of  trucks,  the  buckets  being  lifted  from  the 
truck,  attached  to  the  tram  line  automatically,  and  conveyed  to  the 
tipple. 

Throughout  eastern  Utah,  in  the  Book  Cliff  range  and  the  Wasatch 
plateau,  the  coal-bearing  measures  are  admirably  exposed,  in  the  bold 
and  for  the  most  part  bare  escarpments.  The  geology  is  simple,  the 
rocks  being  almost  flat,  or  at  the  most  dipping  not  more  than  10  per  cent. 

The  coal  beds  occur  in  a  formation,  or  group  of  strata,  consisting  of 
sandstone  and  shale,  600  to  800  ft.  thick,  which  has  been  correlated  with 
the  Mesaverde  formation  of  the  Cretaceous.  Above  this  occurs  about 
2,000  ft.  of  alternate  layers  of  buff- colored  sandstone  and  shale. 

Below  the  coal  lie  the  Colorado  shales,  which  are  estimated  to  be  about 
1,500  ft.  thick,  below  which  are  the  red  rocks  of  the  Jura-Trias. 

As  a  rule  the  coal  beds  all  dip  in  a  northerly  direction  and  under  the 
high  mountain.  The  canyons  opening  out  into  what  is  known  as  Castle 
valley  all  cut  the  coal  beds,  and  the  beds  rising  in  the  direction  of  the  valley 
are  found  frequently  high  up  on  the  escarpment,  often  as  much  as  1,000 
ft.  above  the  valley. 

The  surface  features  of  the  region  have  an  economic  bearing  on  the 
availability  of  the  coal.  The  valleys  and  gulches  in  the  Colorado  shale 
extend  out  from  the  coal  areas  across  the  edge  of  the  plain,  so  that  it  is 
impracticable  to  build  transportation  lines  parallel  with  the  boundaries  of 
the  field  within  several  miles  of  the  coal  land.  It  will  be  necessary,  there- 
fore, to  build  branch  lines  up  to  the  coal  lands  from  points  on  the  Denver 
&  Rio  Grande  Railroad  traversing  Castle  valley. 
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Coal  mines  have  been  in  operation  in  this  region  for  the  past  40  years, 
some  of  the  more  important  mines  being:  Winter  Quarters,  Castle 
Gate,  Clear  Creek,  Sunnyside,  Kenilworth,  Hiawatha,  Mohrland, 
Blackhawk,  Storrs,  Panther,  Standard,  Cameron  and  a  number  of 
smaller  mines. 

The  total  production  of  bituminous  coal  for  the  State  of  Utah  during 
the  year  1912  was  3,088,356  tons,  practically  all  of  which  was  from  Carbon 
and  Emery  counties.  The  older  mines  were  opened  in  the  most  favorable 
locations,  t.e.,  where  the  coal  was  low  in  the  canyon,  or  where  the  bottom 
of  the  canyon  intersected  the  coal  floor  and  where  an  easy  grade  could  be 
procured  in  building  a  railroad  to  the  mine. 


Fig.  1. — View    of  part   op  Storrs,    showinq    Boarding  House,    Storb,  and 

Rock  Cottages. 

Of  late,  however,  all  of  the  mines  have  been  opened  at  a  high  elevation 
above  the  level  of  the  surrounding  country,  necessitating  a  syst^n  of 
haulage  which  would  successfully  lower  the  coal  to  a  level  which  could  be 
reached  by  railroad. 

In  most  instances  gravity  planes  have  been  installed,  but  at  Storrs  an 
aerial  tramway  is  in  operation. 

This  mine  was  opened  in  the  fall  of  1912  and  is  located  in  Spring  Can- 
yon, which  opens  upon  Price  river,  4^  miles  west  of  Helper,  where  abr^mch 
leaves  the  main  line  of  the  Denver  &  Rio  Grande  Railroad.  The  branch 
railroad  from  Helper  to  Storrs,  having  a  maximum  grade  of  3  per  cent.,  was 
built  by  the  Spring  Canyon  Coal  Co.  and  later  turned  over  to  the  Denver 
&  Rio  Grande  for  operation. 
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The  Spring  Canyon  Coal  Co.  was  organized  in  1912  by  Jesse  Knight, 
of  Provo,  Utah,  the  coal  property  consisting  of  about  2,000  acres  of  land, 
upon  which  have  been  erected  63  rock  dwellings  and  10  frame  dwellings 
for  the  convenience  of  the  employees.  These  houses  are  modem  through- 
out, being  equipped  with  bath,  toilet,  electric  lights,  etc.  (Fig.  1.) 


Fig.  3. —  Empty  Buckets  on  Truck  Coasting  Away  from  Transfer  and  Loaded 
Buckets  Approaching.    Hangers  pushed  out  to  clear  Buckets. 

A  large  rock  hotel  has  been  erected  with  well-furnished  rooms  and  an 
up-to-date  culinary  department.  The  store  is  of  rock  also  and  is  con- 
veniently situated  in  the  midst  of  the  greater  number  of  cottages  and 
away  from  the  dust  of  the  tipple  and  railroad  yards. 

The  company  office  is  in  the  second  story  of  the  store  building  and  is  a 
large  roomy  office  with  all  the  necessary  equipment  for  an  up-to-date 
mine  office. 

The  power  plant  is  located  at  the  terminus  of  the  railroad  and  near  the 
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tipple,  this  point  being  approximately  321  ft.  lower  in  elevation  than  the 
portal  of  the  mine  some  3,000  ft.  away.    ■ 

The  power  house  is  built  of  rock  with  asbestos  shingles  carried  upon 
steel  trusses,  making  the  building  fireproof.  Coal  for  steam  is  brought 
from  the  tipple,  situated  nearby,  by  a  belt  conveyor  and  dumped  into  a 
bin  directly  in  front  of  the  boilers. 

Steam  is  generated  in  five  Scotch  marine  boilers  of  150  h.p.  each. 
The  power-house  equipment  consists  of  two  250  kilovolt-ampere  sets  and 
one  50  kilovolt-ampere  set.  The  former  are  Buckeye  engines  connected 
to  General  Electric  generators,  while  the  smaller  unit  is  driven  by  a 
Sturtevant  vertical  engine. 

The  electrical  current  generated  is  2,300  volts,  which  in  turn  is  trans- 
mitted to  the  mine  and  transformed  by  three  motor-generator  sets  of  100 
kw.  to  250  volts  direct  current,  which  is  used  in  the  mine  for  all  purposes, 
including  coal-cutting  machines,  electric  locomotives,  fans,  pumps,  etc. 

Three  veins  have  been  opened.  The  lower,  known  as  No.  1,  is  a  vein  of 
about  8  ft.  in  thickness.  The  coal  is  a  close-grained,  glossy  black,  hard, 
bituminous  coal,  suitable  for  steam  and  domestic  purposes  especially,  and 
on  account  of  its  hardness  makes  the  best  storage  coal  on  the  market 
today.  This  vein  is  known  as  a  subvein,  being  180  ft.  lower  geologically 
than  any  of  the  other  workable  veins  in  the  region.  The  floor  is  of 
massive  sandstone  and  the  roof  is  a  very  hard  shale,  which  does  not  need 
any  timbering  in  ordinary  entry  work  and  very  little  in  room  and  pillar 
work. 

The  next  vein  above  is  about  50  in.  in  thickness.  This  vein  is  approxi- 
mately 15  ft.  above  No.  1.  .  The  hard  shale  roof  of  No.  1  extends  up  to 
and  forms  the  floor  of  No.  2.  The  coal  is  very  similar  to  that  found  in  No. 
1  but  not  quite  as  hard.  This  vein  has  not  been  developed  to  any  great 
extent,  due  to  the  fact  that  it  is  too  small  for  the  large  and  specially 
constructed  mine  cars  in  use  in  the  other  veins. 

The  third  vein.  No.  3,  is  what  is  known  in  the  region  as  the  Castle 
Gate  vein  and  is  the  most  persistent  of  any  of  the  veins  in  the  locality, 
extending  for  a  great  many  miles  in  all  directions. 

This  vein  has  a  thickness  of  from  3  to  14  ft.  throughout  the  entire 
region,  but  where  developed  by  the  Spring  Canyon  Coal  Co.  workings, 
shows  a  thickness  of  from  6  to  12  ft.,  most  of  the  workings  being  in  8  ft.  of 
clean  coal. 

Although  the  general  dip  of  the  formation  in  the  vicinity  is  about  7 
per  cent,  all  entries  are  driven  sufiiciently  across  the  pitch  to  make  the 
maximum  grade  not  over  3  per  cent.,  permitting  the  use  of  electric  loco- 
motives both  on  the  main  haulageway  and  cross  entires. 

Two  15-ton  General  Electric  locomotives  are  used  on  the  main  haulage, 
and  three  6-ton  gathering  locomotives  of  the  same  type  are  used  in 
connection  with  the  horses  in  the  cross  entries  and  rooms. 
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The  coal  from  No.  3  mine  is  brought  along  the  side  hill  for  a  distance 
of  2,500  ft.  on  a  3  per  cent,  grade  until  it  reaches  the  No.  1  vein. 

Here  it  enters  No.  1  mine  through  what  is  known  as  the  first  left  entry, 
and  thence  is  conveyed  to  the  head  house,  or  loading  terminal,  of  the 
aerial  tramway. 

Eighteen  cars  are  hauled  in  each  trip  by  the  15-ton  locomotive;  50-lb. 
rails  are  used  on  the  main-haulage  tracks  and  2d-lb.  on  the  cross 
entries. 

The  motor-generator  set  referred  to  above  is  located  in  a  central  posi- 
tion with  respect  to  the  haulage  system,  the  greatest  distance  the  trolley 
line  extends  in  any  direction  from  the  motor-generator  set  being  about 
2,900  ft. 

Heavy  copper  feed  lines  are  connected  to  the  trolley  system  at  central 
points  in  the  mine,  where  the  load  is  heavy,  as  it  is  essential  to  avoid  any 
excessive  drop  in  voltage  fit  the  working  faces. 

The  coal-cutting  machines  in  use  are  of  three  types  and  consist  of 
seven  Goodman,  four  Sullivan,  and  one  Jeffrey,  all  of  the  shortwall  con- 
tinuous chain  cutting  variety.  These  machines  are  giving  exceUent 
service. 

The  topography  of  the  country  precluded  the  use  of  a  surface  incline 
and  the  exorbitant  price  of  adjoining  property  prevented  development  of 
grades  for  motor  haulage,  or  railroad  to  the  mine  portal. 

The  aerial  tramway  was  feasible  but  had  the  objection  of  limiting  the 
output  of  the  mine,  due  to  the  small  capacity  of  this  system.  The  tram- 
way was  built  for  60  tons  hourly  capacity,  to  be  doubled  by  additional 
rolling  stock.  With  the  opening  of  the  upper  coal  measures  it  was  soon 
evident  that  this  capacity  would  handicap  the  mine  operations.  After 
much  negotiation  with  the  manufacturers,  they  agreed  to  develop  a 
capacity  of  250  tons  hourly  on  the  line. 

Our  tramway  has  been  so  fully  described  in  the  Salt  Lake  Mining  Review 
and  the  Coal  Age,  that  the  writer  will  merely  outline  the  principal  features, 
together  with  such  changes  as  have  been  made  to  the  original  equipment 
to  develop  the  increased  tonnage. 

In  general,  the  tramway  is  2,900  ft.  long  and  has  a  fall  of  321  ft. 
between  the  terminals.  The  track  cables  are  If  and  IJin.  in  diam- 
eter for  loads  and  empties  respectively,  working  under  a  tension  of  35  and 
15  tons  each.  The  running  rope  is  J  in.  in  diameter,  lang  lay.  The  grips 
are  of  the  regular  friction  t3rpe,  operated  directly  by  weight  of  load,  and 
hold  very  effectually. 

The  line  operates  at  a  speed  of  500  ft.  per  minute  when  driven  by 
motor,  and  530  ft.  when  the  motor  is  acting  as  a  brake  to  take  care  of  the 
surplus  power  developed  by  the  loaded  line. 

In  operation,  two  buckets  are  set  in  a  truck  frame  of  6-in.  angles,  hav- 
ing a  wheel  base  of  36  in.  and  an  overall  length  of  1 1  ft.  3  in.    The  buckets 
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are  of  40  cu.  ft.  capacity,  rated  at  2,000  lb.  but  in  actual  service  averaging 
about  2,200  lb. 

The  car  with  the  two  buckets  is  run  on  to  a  platform  directly  under  the 
tram  rail,  upon  which  two  hangers  are  positioned  waiting  for  the  buckets. 

The  car  is  stopped,  the  hangers  swung  under  the  trunnions  of  the 
buckets,  and  the  platform  lowered,  carrying  the  truck  with  it,  leaving 
the  buckets  suspended  in  the  hangers.  The  hangers  are  then  free  to 
coast  out  on  the  cable.     Two  hangers  with  empty  buckets  are  then  brought 


Fia.  4.- 


-Platform  in  Raised  Position  and  Hangers  being  pushed  from  the 

Buckets. 


over  the  empty  truck  and  the  platform  raised  until  the  buckets  rest  on 
the  truck,  when  the  hangers  are  swung  out  from  under  the  trunnions  of 
the  buckets.  (Fig.  4.)  The  truck  with  empty  buckets  is  allowed  to  coast 
through  the  kick-back  and  run  into  the  mine  while  another  load  is  brought 
forward  for  transferring  to  the  hangers. 

In  developing  250  tons  capacity  several  changes  were  necessary,  as 
outlined  below: 

The  strength  of  the  cables  being  based  on  the  weight  of  the  individual 

Digitized  by  VjOOQ  IC 


2544  AN   AERIAL  TRAMWAY   FOR  MINING   CLIFF  COAL 

load  rather  than  the  total  loading  of  the  line  necessitated  no  change.  As 
the  line  lowers  the  loads,  more  power  was  developed  than  the  original 
35-h,p.  motor  could  handle  so  a  75-h.p.  alternating-current  motor  was 
installed  together  with  wider  belts,  clutch,  and  pulleys.  Additional  brake 
sheaves  were  put  in  for  stopping  the  line.  The  speed  bf  the  motor  is 
900  rev.  per  minute  and  to  reduce  it  to  22  rev.  per  minute  at  the  main 
shaft  two  jack  shafts  are  used,  stepping  down  the  speed  three  times,  twice 
by  belts  and  once  by  gearing.  To  allow  proper  tensioning  of  the  indi- 
vidual belts  adjustable  sole  plates  were  provided  for  the  bearings  on  the 
countershafts. 

Owing  to  interruptions  of  power  circuits  the  motor  could  not  be  relied 
upon  to  control  the  speed  of  the  Une  at  all  times  and  several  expensive 
runaways  were  caused  by  failure  of  circuit  breakers  or  fuses.  To  over- 
come this,  the  manufacturers  worked  out  a  very  ingenious  control  to 
regulate  automatically  the  speed  of  line  without  stoppage  in  event  of  any 
spurt  above  normal.  Briefly  stated,  this  device  resembles  a  large  fly  ball 
engine  governor  and  is  gear  connected  to  the  main  shaft  to  avoid  possi- 
bility of  failure  due  to  belts  or  clutches.  Instead  of  weights,  as  in  a  gov- 
ernor, large  vanes  are  mounted  on  large  pivoted  arms  which  are  extended 
as  the  speed  rises  above  a  predetermined  point  and  eflfectually  prevent 
the  tramway  traveling  at  a  higher  speed.  It  is  entirely  automatic  and 
not  affected  by  changes  in  temperature.  A  large  dial  with  a  pointer 
indicating  the  speed  of  the  line  is  connected  to  an  electric  gong  as  an  addi- 
tional warning  of  excessive  speed. 

With  increased  loading  of  the  line,  the  bending  of  cables  over  saddles 
was  excessive  and  a  new  saddle  was  developed  to  overcome  this  trouble 
and  prolong  the  life  of  the  cables.  (Fig.  5.)  The  new  design  consists  of 
two  saddles  mounted  on  a  15-in.  channel  which  is  pivoted  at  the  center. 
As  the  load  approaches  the  tower,  the  first  saddle  is  depressed  and  the 
second  is  elevated  until  load  reaches  the  pivot  point,  when  the  reverse 
takes  place.  The  smooth  riding  of  the  load  over  the  towers  sii^ce  the 
installation  of  these  saddles  is  very  marked.  To  facilitate  the  turning 
of  the  cables  with  heavy  loaded  line  a  new  swivel  for  terminals  was  de- 
signed which  allows  cables  to  turn  freely  under  load. 

When  handling  buckets  on  60-sec.  intervals  the  coal  was  dumped  into 
a  hopper  9  by  12  ft.,  but  it  was  found  necessary  to  replace  this  by  one 
20  by  22  ft.  With  this  area  to  dump  into  there  is  no  trouble  in  handling 
buckets  on  15-sec.  intervals. 

Owing  to  constricted  space  on  the  ledge  upon  which  the  loading  termi- 
nal is  built  the  curve  of  the  track  for  bucket  carriers  is  of  short  radius. 
The  settlement  of  part  of  the  structure  here  caused  by  proximity  of  dump 
fire  prevents  proper  grading  of  track  and  causes  many  derailments  of 
buckets.  The  buckets  derailed  here  drop  several  feet.  This  bends  the 
hangers  and  breaks  small  parts  and  has  been  the  cause  of  most  of  our  repairs. 
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The  long  overhang  of  the  cars  is  an  inherent  weakness  and  a  force  of 
men  is  constantly  at  work  keeping  them  in  proper  repair.     They  are  very 


Fig.  5. — Type  of  Supports  for  Cable. 


clumsy  to  handle  when  derailed.     Our  underground  haulage  cost  is  much 
greater  than  would  be  the  case  with  the  regular  type  of  pit  cars.     The 
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writer  believes  one  bucket  per  truck  would  overcome  these  objections 
and  make  a  nicer  car  to  handle  underground. 
The  tramway  force  and  wages  paid  are  as  follows: 

1  foreman  at  $160  per  month $5.33 

3  dumpers  at  $2.75  per  day 8.25 

1  bucket  spacer  at  $3  per  day 3.00 

1  transfer  operator  at  $3 3.00 

2  assistants  at  $2.75 5.50 

1  empty-bucket  catcher  at  $2.50 2.50 

Total $27.58 

In  addition  to  the  above,  not  actually  engaged  in  handling  the  tram- 
way, but  in  handUng  the  cars  outside  the  mine,  are: 

2  spraggera  at  $2,50 $5.00 

1  weighman  at  $85  per  month 2.83 

1  oUer  at  $2 2.00 

$9.83 
Gross  total $37.41 

This  figure  remains  unchanged  regardless  of  tonnage,  which  is  un- 
fortunate as  our  cost  per  ton  is  much  greater  at  500  tons  per  day  than  at 
1,500  tons.  These  costs  do  not  include  items  of  repairs,  changes,  etc., 
as  the  line  is  in  the  experimental  stage  and  such  costs  are  borne  by  the 
manufacturer. 

The  manufacturer  has  shown  a  commendable  spirit  of  co-operation  in 
the  design  of  various  changes  and  alterations  to  involve  as  slight  delay  in 
installation  as  possible  and  work  in  harmony  with  various  other  machin- 
ery, much  of  which  was  not  furnished  by  him  originally. 

Many  changes  have  been  made  and  all  seem  to  be  an  improvement. 
Two  important  drawbacks  encountered  are:  First,  the  size  of  the  force, 
\ifthether  on  large  or  small  tonnage,  and  second,  the  trouble  encountered 
with  trucks  and  cost  of  repairing  them.  With  these  points  corrected  and 
other  improvements  made  so  as  to  bring  the  tonnage  up  to  250  tons  per 
hour,  I  see  no  reason  why  this  tramway  should  not  compare  favorably 
with  any  system  of  haulage  now  in  vogue  in  this  coal  field. 

The  most  coal  put  over  the  line  so  far  in  a  regular  day's  rim  has  been 
at  the  rate  ot  200  tons  per  hour  for  short  periods. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  bevisionI 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  Bhould  preferably  be  presented  in  person  at  the 
Pittsburg  meeting.  October,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  20  West 
3dth  Street,  New  YorkTw.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  iu  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  1, 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


A  New  Safety  Detonating  Fuse 

BY  HARBISON  SOUDER,  CORNWALL,  PA. 
(Pittsburg  Meeting,  October,  1914) 

The  object  of  this  pap>er  is  to  bring  to  the  notice  of  engineers  a 
safety  detonating  fuse  by  the  use  of  which  misfires  in  blasting  may  be 
eliminated  and  safety  in  blasting  operations  promoted. 

This  new  detonator  is  a  French  invention  and  is  known  as  Cordeau 
detonant  or  detonating  fuse  and  is  sold  under  the  name  of  Cordeau- 
Bickford.  It  consists  of  a  lead  tube  5  to  6  mm.  in  diameter,  filled  with 
trinitro-toluene. 

While  applicable  to  all  classes  of  mining  it  will  appeal  especially  to 
those  who  have  to  do  with  deep-hole  blasting  in  open-cut  mines  or 
quarries,  or  any  operations  where  a  large  number  of  holes  are  to  be  shot 
at  one  time. 

Since  the  introduction  of  the  deep-hole  blastmg  in  the  Cornwall  iron 
mines,  much  trouble  has  been  experienced  from  misfires  and  many  experi- 
ments were  made  to  determine  the  best  and  safest  method  of  blasting. 

Before  the  introduction  of  the  detonating  fuse  it  was  found  that  to 
insure  the  best  results,  two  or  more  high-power  electric  exploders,  not 
less  than  No.  6,  with  specially  insulated  conductors,  should  be  placed  in 
each  hole;  the  holes  wired  in  parallel,  and  for  a  large  number  of  holes 
the  current  to  be  supplied  by  a  live  wire  to  the  bus  or  lead  wires  at 
about  the  middle  of  the  bench.  The  voltage  in  general  use  is  110  to  220, 
but  as  our  material  is  a  magnetic  iron  ore  and  the  holes  are  generally  damp, 
we  found  it  advisable  to  reduce  thia  to  about  30  volts  to  preveut  short 
circuits. '  A  No.  7  or  No.  8  special  insulated  detonator  was  adopted. 
But  with  the  best  of  care  and  attention  to  the  minutest  detail,  we  were 
not  able  to  eliminate  occasional  misfires  and  the  consequent  ever  present 
danger  of  accidents. 

In  January,  1914,  our  attention  was  called  to  "Cordeau-Bickford" 
and  we  were  invited  to  witness  a  trial  blast  with  this  material  at  the 
quarries  of  the  Atlas  Portland  Cement  Co.  at  Northampton,  Pa.  This 
was  the  first  use  of  this  detonating  fuse  in  this  country  and  as  it  marked 
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a  great  advance  in  safety  and  economy  in  quarrying  operations  a  brief 
description  of  this  blast  will  be  of  interest. 

The  rock  blasted  was  a  cement  limestone  shale  bench  94  ft.  high 
(perpendicular)  with  the  bottom  well  cleaned  up.  There  were  eleven 
5-in.  diameter  holes,  26  ft.  back  from  the  face  of  the  bench  and  spaced  13 
ft.  apart,  100  ft.  deep  and  extending  6  ft.  below  the  bottom  of  the  bench. 
The  holes  were  cleared  of  water  just  before  loading.  The  charge  was 
made  up  of  50  per  cent,  gelatin  and  40  per  cent,  low-freezing  dynamite, 
with  the  detonating  fuse,  6  mm.  in  diameter,  running  to  the  bottom  of 
each  hole. 


Fig.  2. — Loading  the  Holes  for  the  Blast. 
# 
All  the  holes  were  connected  with  a  line  of  detonating  fuse  to  the  end 

of  which  a  single  No.  6  detonating  cap  was  attached.  This  was  fired 
by  a  220-volt  current  from  a  live  wire.  Instantly  there  was  a  sharp  crack 
as  the  fuse  exploded,  followed  by  a  rumble  of  the  crumbling  bank.  The 
rock  was  thrown  well  out,  leaving  a  clean  wall  or  face. 

The  results  of  the  blast  were  so  satisfactory  that  we  immediately 
ordered  1,000  m.  of  the  detonating  fuse  for  trial  in  blasting  down  our  ore 
benches.     This  was  the  first  application  of  this  fuse  to  ore  mining. 

A  trial  convinced  us  of  the  wonderful  adaptibility  of  the  detonating 
fuse  to  the  purpose,  and  the  simplicity  and  safety  in  handling  brought  a 

Digitized  by  VjOOQ  IC 


A  NEW  SAFETY  DETONATING  FUSE 


2551 


sense  of  relief  and  satisfaction.  We,  therefore,  immediately  adopted  it 
for  use  in  all  our  deep-hole  blasting  and  stopped  the  use  of  the  ordinary- 
electric  fuse  except  in  shallow  holes.  We  have  been  using  the  detonating 
fuse  for  five  months  and  in  this  time  we  have  made  a  dozen  big  blasts. 
The  details  of  a  shot  made  on  Apr.  2,  1914,  when  72  holes  averaging 
30  ft.  deep  were  blasted  at  one  time  by  means  of  the  detonating  fuse 
are  given  in  Fig.  1.  This,  is  a  copy  of  our  standard  blasting  sheet  and 
gives  all  information  in  compact  form  for  future  reference.  Two  No. 
7  exploders  were  used  and  fired  by  current  from  live  wire. 


Fig.  3. — During  the  Blast. 

On  May  20,  we  blasted  26  holes  varying  from  80  to  86  ft.  deep  and 
using  in  all  7,800  lb.  of  40  per  cent,  nitroglycerin  dynamite  with  the  de- 
tonating fuse,  using  two  No.  7  exploders  discharged  by  means  of  a  battery. 
About  38,000  tons  of  ore  were  broken  down. 

Some  views  of  the  ore  bench  before,  during,  and  after  the  blast  are 
given  in  Figs.  2,  3,  and  4. 

The  danger  arising  from  the  old  method  of  blasting  with  electric 
exploders  is  exemplified  by  the  only  too  extensive  list  of  accidents  due 
to  premature  explosions,  misfires,  etc.  Such  an  accident  as  occurred 
during  the  construction  of  the  Panama  Canal  in  December,  1908,  when 
22  tons  of  dynamite  exploded  prematurely,  killing  23  persons  and  injuring 
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40  others,  would  have  been  practically  impossible  if  this  fuse  had  been 
used.^ 

In  addition  to  greatly  increasing  the  safety  of  blasting,  the  detonating 
fuse  has  the  additional  merit  of  increasing  the  efficiency  of  the  explosive 
charge. 

To  summarize,  we  may  state  that  this  fuse  has  three  very  important 
qualities,  viz.:  1.  It  is  safe.  2.  It  is  instantaneous.  3.  It  increases 
the  efficiency  of  an  explosive  charge. 


Fig.  4. — After  the  Blast. 

1.  Safety, — There  is  no  danger  in  the  handling  or  storage  of  the  fuse. 
It  cannot  be  exploded  by  friction,  fire,  or  ordinary  shock.  It  requires 
the  use  of  a  strong  blasting  cap  properly  attached  to  explode  it.  In 
blasting  charged  holes,  the  cap  or  exploder  can  be  applied  outside  the 
hole,  thus  avoiding  the  danger  of  burned  powder  caused  by  side  spit  from 
ordinary  fuse;  also  any  risk  of  accident  while  tamping  and  the  risk 
from  a  portion  of  an  unexploded  charge  accompanied  by  a  cap  remaining 
in  the  debris  from  a  blast  is  entirely  obviated. 

2.  Speed, — The  average  rate  of  speed  of  this  fuse  is  estimated  to 
be  close  to  17,000  ft.  per  second,  so  that  when  it  is  used  the  explosive 


*  See  The  Panama  Gateway y  p.  337. 
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charge  is  detonated  instantly  throughout  its  entire  length,  instead  of 
at  one  point  as  is  the  case  with  the  blasting  cap  or  electric  exploder. 

3.  Efficiency. — It  is  known  that  the  speed  of  an  explosive  decreases 
as  the  explosive  wave  travels  away  from  the  detonator.  That  the 
powder  in  a  hole  has  the  strongest  explosive  effect  around  the  exploder 
is  evident  from  an  examination  of  the  face  of  the  bank  after  a  shot. 
This  can  be  demonstrated  also  by  placing  sticks  of  dynamite  on  the 
ground  end  for  end,  about  6  in.  apart,  with  the  cap  in  the  first  stick. 
The  explosive  force  gradually  lessens  until  it  finally  ceases  to  progress, 
leaving  the  farthest  sticks  unexploded. 

By  using  this  fuse  the  charge  is  detonated  instantaneously  throughout 
its  entire  length.  This  results  in  a  saving  of  about  10  per  cent,  of 
explosives  as  determined  by  results  obtained  at  Cornwall  and  elsewhere. 
It  is  not  affected  by  heat,  cold,  or  moisture,  and  lasts  indefinitely  without 
deterioration. 


stemming 

or 
TamplDff 


Explosive 


Branch 
Line  of 
Cordeau 


FiQ.  5. — Holes  Connected  by  Cordeau. 

It  is  wound  in  continuous  lengths  on  spools  containing  100,  200,  or 
300  ft.  each,  and  weighs  about  7  lb.  per  100  ft.  It  is  accepted  by  trans- 
portation companies  without  restrictions  except  that  it  shall  not  be  packed 
with  other  high  explosives. 

The  method  of  applying  the  fuse  is  shown  clearly  by  the  accom- 
panying sketches  and  instructions. 

Fig.  5  shows  how  the  holes  are  connected  by  the  detonating  fuse. 
The  method  of  making  connections  between  main  and  branch  lines  is 
shown  in  Fig.  6,  and  that  of  attaching  the  detonator  to  the  fuse  in  Fig.  7. 
Either  ordinary  fuse  and  cap,  or  an  electric  exploder,  can  be  used  to  set 
off  the  detonating  fuse. 

How  to  Attach  a  Detonator  to  the  Detonating  Fuse, — First,  be  sure 
the  end  of  the  detonating  fuse  is  freshly  and  squarely  cut  off.  If  ordinary 
fuse  is  used,  attach  a  cap  by  crijmping  it  to  the  fuse  in  the  usual  manner. 
Next  attach  a  union  to  the  detonating  fuse  by  crimping  the  end  opposite 
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the  slit.  Insert  the  cap  in  the  slit  end  of  the  union. till  it  comes  nrmly 
against  the  detonating  fuse  and  then  slip  the  ring  over  it  to  hold  it  finnly 
in  place.  Be  sure  the  detonating  fuse  is  cut  off  squarely  and  that  the 
cap  is  firmly  seated  against  it.  A  space  of  J  in.  between  cap  and  fuse 
may  be  sufficient  to  cause  a  misfire. 


sinnH 


FiQ.  6. — Method  op  Connecting  Main  Line  and  Branches. 

Branch  line  A  is  joined  to  trunk  line  B  by  twisting  the  spUt  ends, 
one  to  the  right,  the  other  to  the  left  of  the  intersection.  These  joints 
may  be  protected  from  danger  of  loosening  or  breaking  by  winding  with 
electric  tape.  This  also  protects  them  from  moisture.  This  precaution 
is  not  necessary  except  where  many  connections  have  to  be  made  or  wet 
work  is  encountered. 
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This  operation  is  not  diJEcult,  but  it  is  very  important,  and  should 
be  done  carefully  and  in  accordance  with  three  simple  rules. 

1.  Remember  that  it  is  the  branch  fuse  that  is  to  be  slit  and  twisted 
about  the  main  and  never  the  opposite. 

2.  Be*sure  to  make  a  fu*m  joint. 

3.  At  the  point  of  intersection,  be  sure  to  lead  the  branch  fuse  away 
from  the  main  at  a  right  angle,  at  least  for  an  inch  or  two.  Beyond  that 
curves  and  angles  do  no  harm. 


SlidiDflr  Bleevo  or  ring 
on  union.  This  holds  the 
cap  In  places 


/ITnlon 
Crimp 


Main  Cordeau 
Union  crimped  to  Ckirdcau 
at  this  point 


Fia.  7. — Method  op  Attaching  Dbtonatok  to  Cordbau. 

If  the  direction  of  the  explosive  wave  is  carefully  borne  in  mind, 
there  can  be  as  many  branches  and  sub-branches  as  are  desired.  To  slit 
the  end  of  the  branch  line  an  instrument  called  a  "cordeau  slitter"  is 
provided.  It  can,  however,  be  done  easily  with  a  sharp  knife.  After 
slitting  it  for  a  distance  of  3  or  4  in.,  separate  the  legs  and,  after  placing 
the  main  snugly  in  the  crotch,  wind  the  legs  about  it,  one  to  the  right  and 
the  other  to  the  left.  If  some  of  the  trinitro-toluene  is  lost  from  the  split 
ends,  no  harm  is  done  provided  the  main  is  pushed  firmly  against  the 
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Fig.  8.  — Connecting  Cordeau  is  Split  and  Wound  Around  the  Brass  Sleeves 
IN  THE  Same  Manner  as  When  Making  Ordinary  Joints. 

exposed  material  in  the  crotch.  If  many  connections  have  to  be  made, 
it  is  possible  that  the  handUng  and  moving  of  the  fuse  may  displace  some 
of  the  connections  first  made  before  all  can  be  completed.  To  guard 
against  such  an  occurrence  it  is  better  to  wind  each  joint  with  electric 
tape.  This  will  hold  them  firmly  in  place.  Before  a  shot  is  fired,  the  line 
should  be  thoroughly  inspected.  See  that  the  branches  leave  the  main 
at  right  angles.     Be  sure  that  they  are  all  made  firm. 

On  very  large  and  important  work  where  more  than  one  main  is  em- 
ployed, these  mains  may  be  joined  together  as  a  measure  of  precaution. 
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This  is  done  in  the  manner  shown  in  Fig.  8  by  cutting  the  mains  and 
putting  caps  on  the  ends  and  then  uniting  them  again  by  means  of  a 
brass  sleeve,  the  ends  of  which  are  firmly  crimped  to  the  detonating  fuse. 
Around  these  brass  sleeves  the  ends  of  the  connecting  line  are  wound  in 
exactly  the  same  manner  as  when  attaching  a  branch  to  a  main  line. 

Interesting  details  in  regard  to  the  use  of  this  detonating  fuse  in 
France  and  Belgium  may  be  obtained  from  the  following  articles,  of  which, 
for  convenience,  the  writer  has  made  a  brief  digest,  viz. : 

Commission  du  Grisou:  Note  sur  Tam^lioration  de  la  s6curit6  dans 
ies  mines  grisouteuses  par  emploi  d'un  nouveau  dispositif  d'amorgage 
des  explosifs.  Annales  des  Mines,  10th  ser.,  vol.  xii^  p.  169  (1907). 
An  investigation  to  determine  whether  the  use  of  detonating  fuse  would 
increase  safety  in  gaseous  mines.  Describes  numerous  tests  and  experi- 
ments and  concludes  with  the  following  statement  of  the  advantages  of 
the  detonating  fuse: 

1.  No  misfires,  partial  explosions,  or  burning  of  powder. 

2.  Allows  reduction  of  powder  charge.     Estimated  at  20  per  cent. 

3.  Permits  the  use  of  explosives  of  very  low  selisitiveness. 
Nouvelle  Application  du  Cordeau  D6tonant  aux  travaux  publics,  by 

L.  Barth^lemy.  Bulletin  de  la  Sociite  des  IngSnieurs  civUs  de  France, 
November,  1910,  p.  492.  Describes  the  successful  application  of  detonatr 
ing  fuse  in  the  destruction  of  a  318.6-m.  masonry  tunnel  on  the  Ypres 
canal  in  Belgium. 

Shot  2,125  holes  simultaneously.  The  charge  was  3,260  kg.  of  meli- 
nite. The  delicate  part  of  the  operation  was  to  find  a  way  to  explode 
all  of  the  holes  at  once.  The  first  use  of  detonating  fuse  on  a  large  scale- 
Note  sur  le  Cordeau  d^tonant,  by  M.  FougeroUes,  Chief  Engineer. 
Comptes  rendus  mensuel  de  la  SodiU  de  V Industrie  minSraiey  February, 
1908,  p.  58,  Description  of  tests  made  by  Cia.  des  mines  de  Lens  with 
permissible  explosives  and  detonating  fuse. 

Conclusions:  Compressed  powders  practical  with  easily  observed 
precautions. 

1.  Be  sure  the  hole  is  of  large  enough  diameter  to  permit  the  charge 
to  be  forced  tightly  to  the  bottom. 

2.  Make  a  fresh  clean  cut  at  end  of  the  detonating  fuse,  and  place  it 
in  contact  with  the  exploder  so  that  it  cannot  slip  away  while  loading  the 
hole. 

No  unexploded  powder  was  found  and  it  is  claimed  20  per  cent,  of  the 
explosives  by  weight  and  10  per  cent,  of  expenses  were  saved.  Detonating 
fuse  is  well  liked  by  the  miners. 

L'Explosion  du  Rocher  de  Formery.  L'lllustrationf  May  31,  1913. 
Illustrated  description  of  the  removal  of  a  large  mass  of  rock,  overhang- 
ing the  village  of  Formery  in  France,  by  blasting  at  one  time  237  holes 
loaded  with  92  per  cent,  nitroglycerin  dynamite  and  connected  with  the 
detonating  fuse.     The  whole  was  exploded  with  one  detonating  cap. 


TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Pittsburg  meetini^,  October,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writins  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Enp;ineer8,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretarjr  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Doc.  1,  1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


A  Practical  Wood-Burning  Assay  Furnace 

BT  E.   A.   H.  TATS,  SAN  BLAS,  SINALOA,  HEX. 

(Pittsburg  Meeting,  October,  1914)  ^ 

Last  fall,  having  a  number  of  ore  samples  from  mine-development  work 
carried  on  in  spite  of  the  "Revolution/'  I  was  forced  to  do  my  own  assay- 
ing again,  after  a  lapse  of  many  years.  This  gave  me  an  opportunity  to 
build  a  furnace  for  crucible  assaying,  using  wood  for  fuel,  along  lines  which 
had  been  developing  in  my  mind  since  the  time  20  years  ago,  when  as 
general  factotum  at  a  little  mining  camp  in  western  Chihuahua,  Mexico, 
I  had  converted  a  crucible  charcoal  furnace  into  one  using  the  rever- 
beratory  principle. 

Wood-burning  furnaces  have  been  described  in  technical  literature, 
but  I  believe  the  present  application  will  prove  helpful  to  those  of  the  pro- 
fession who  are  working  in  out-of-the-way  places.  The  furnace  is  shown 
in  detail  in  Figs.  1,  2  and  3. 

Remembering  the  trouble  caused  by  stoking  my  ifirst  charcoal  furnace 
too  heavily,  I  fired  this  one  with  but  a  few  sticks  of  wood  at  a  time.  By 
this  method  I  could  run  out  a  charge  of  12  crucibles  in  30  to  35  min.j 
using 50  sticks  of  ordinary  stove  wood.  Later  I  fill  up  the  firebox,  holding 
about  40  sticks,  get  everything  ready,  put  the  crucibles  into  the  melting 
chamber  and  "fire  up."  Just  as  soon  as  the  fire  is  well  started  the  draft  door 
is  closed  and  the  furnace  allowed  to  heat  up  slowly  for  5  min.  Then  the 
draft  is  opened  (the  door  to  the  ash-pit)  and  the  fire  allowed  to  roar,  which 
it  does.  In  20  min.  from  the  time  the  fire  is  lighted  the  fire  door  is  opened, 
the  fire  stirred  along  the  grates,  and  5  or  6  more  sticks  of  wood  thrown 
in.  In  25  min.  from  the  start,  the  draft  is  closed  again,  the  cover  of  the 
melting  chamber  pushed  back  and  the  charges  poured.  The  melts  will 
be  found  to  be  perfect,  and  the  crucibles  to  pour  absolutely  clean,  if 
everything  has  gone  right,  as  will  usually  be  the  case.  A  new  charge  may 
be  put  in,  and  fired  with  8  to  10  sticks  of  wood  at  a  time,  and  be  ready  to 
pour  within  20  min.;  but  it  is  just  as  well  to  leave  the  crucibles  in  the 
melting  chamber  a  full  25  min. 

By  using  10  sticks  of  wood  to  start  the  fire  and  adding  5  sticks  as 
often  as  needed,  which  will  be  as  soon  as  the  last  sticks  fed  in  are  in 
perfect  combustion,  the  smelting  can  be  completed  in  from  30  to  35 
min.;  using  from  35  to  40  sticks  of  wood.  I  consider  this  to  be  the 
best  method  of  stoking. 

I  use  the  Battersea  No.  10  crucible,  having  no  others,  but  the  base  of 
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these  is  so  small  that  they  are  very  apt  to  tip  over  in  the  strong  draft;  and 
often  two  and  three  will  go  over  at  a  time,  unless  great  care  is  used  in 
setting  them  on  the  hearth.  This  precludes  the  putting  in  of  a  second 
charge,  as,  due  to  the  heat,  the  crucibles  cannot  be  set  with  the  necessan' 
care. 

The  crucible  to  use  with  this  furance,  whatever  size  be  used,  is  the 
wide-based,  iBower-pot  shaped  crucible  made  by  American  manufacturers. 
With  this  class  of  crucible  one  can  run  as  many  charges  as  he  cares  to 
without  the  fe&r  of  a  mishap  of  any  nature. 

In  ''drawing,''  one  asbestos  glove  is  necessary;  and,  when  nails  are 
used,  they  can  be  withdrawn  easily  with  the  cupel  tongs. 


It  l-Trt  Box  mj6l|       r*«r. 

*0^  1    _    _J     x^^^_^* 


Fig.  1. — Wood-burning  Crucible  and  Muffle  Assay  Furnace. 


When  I  built  my  furnace,  I  built  at  its  back,  and  leading  into  the  same 
chimney,  an  ordinary  charcoal,  muffle  furnace.  Later,  as  charcoal  was 
hard  to  get,  I  decided  to  try  wood  with  it  also,  and  altered  it  to  the  shape 
shown  in  the  drawing.  It  works  splendidly,  and  once  heated  up,  is  easy 
to  keep  hot. 

When  firing  the  muffle  furnace,  burning  charcoal,  I  noticed,  when  the 
crucible  furnace  was  in  use,  that  the  flame  from  this  passed  up  the  chim- 
ney beyond  the  top  of  the. muffle  flue.  I  mentioned  this  to  R.  C.  Sanford, 
of  the  Palmarito  mine,  who  was  examining  my  plant,  and  he  suggested 
•putting  the  muffle  in  the  chimney.  I  could  not  do  this  very  well,  but  he 
did,  when  he  built  a  furnace  after  the  plans  I  loaned  him. 

How  well  the  furnace  works,  and  the  success  attainedby  putting  the 
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muf&e  in  the  chimney  of  the  crucible  furnace  can  be  judged  from  the  fol- 
lowing extract  from  a  letter  Mr.  Sanford  wrote  me  recently. 

**0n  my  return  to  Palmarito  I  at  once  started  to  build  a  furnace,  and  it  has  been  hi 
operation  for  some  time  now,  and  is  a  success  in  every  way.  I  took  great  care  in 
following  the  inside  dimensions  in  your  plans. 

"In  place  of  building  a  separate  furnace  for  the  muffle,  I  put  the  muffle  in  the 
chimney  of  the  crucible  furnace  (as  an  experiment),  34  in.  from  the  floor  of  the  fur- 
nace and  1}  in.  from  the  chimney  wall.  While  the  muffle  is  placed  higher  than  need 
be,  it  does  perfect  work. 

"Mr.  Price,  of  the  Potrero  mine,  has  also  built  a  furnace  from  your  plans  and  has 
set  his  muffle  somewhat  lower.  When  I  last  saw  him  he  had  not  started  using  his 
furnace,  so  I  do  not  know  what  success  he  has  had  with  it. 

"The  furnace  has  certainly  been  a  wonderful  help  at  the  present  time  with  gasolene 
so  scarce  and  high  priced;  but  without  doubt  we  shall  continue  to  use  it  even  when 
gasolene  is  more  plentiful  and  cheaper.  It  is  as  quick,  is  cheaper,  and  does  the  work 
iis  well  as  a  gasolene  furnace,  so  it  is  to  our  advantage  to  continue  using  it. 

'*  You  are  to  be  congratulated  on  your  success  in  devising  it." 
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Since  receiving  this  letter  I  have  seen  Mr.  Price,  and  he  was  as  enthusi- 
astic in  the  praise  of  the  wood-burning  furnace  as  Mr.  Sanford. 

The  only  disadvantage  of  putting  the  muffle  in  the  chimney  is  that  it 
puts  the  mouth  of  the  muffle  rather  low  for  comfortable  work,  as  the  floor 
should  not  be  over  24  in.  below  the  top,  A,  of  the  melting  chamber,  which 
would  leave  the  muffle  about  44  in.  above  the  floor. 

The  whole  furnace  can  be  constructed  of  ordinary  brick  and  mud  mor- 
tar, but  the  arches,  and  all  parts  exposed  to  the  greatest  heat,  should  be 
lined  with  fire  brick. 

The  chimney,  built  as  shown,  need  not  be  over  12  ft.  high;  and  if  a 
damper  were  put  in  near  the  top  it  would  do  away  with  the  need  of  a  door 
to  the  ash  pit.  But,  as  there  is  no  heat  at  this  place,  a  piece  of  2-in.  plank, 
wide  enough  and  high  enough  to  cover  the  opening,  is  all  that  is  needed, 
although  a  well-fitting  door  looks  better  and  is  more  convenient. 

The  top  to  the  melting  chamber,  Ay  should  be  a  solid  fire-brick  piece 
22  in.  square  and  IJ  in.  thick;  but  a  piece  of  asbestos  board  2  by  22 
by  22  in.  would  do;  or  a  piece  of  sheet  steel  ^  in.  thick  by  22  in.  square. 
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I  use  a  piece  of  east  iron  1  in.  thick,  but  it  requires  the  aid  of  a  helper  to 
move,  as  it  weighs  over  125  lb.  This  heats,  but  not  excessively,  and 
makes  a  splendid  place  to  warm  up  the  molds. 

The  grate  bars  are  shown  longitudinally  but  may  be  placed  crossways, 
and  where  regular  grates  are  not  to  be  had,  1-in.  round  iron  cut  in  18-in. 
lengths  and  1  in.  at  each  end  flattened  to  li  in.  wide,  will  answer 
capitally. 

An  ordinary  piece  of  i-in.  sheet  steel  makes  a  good  door,  and  this 
may  be  bolted  to  a  4-in.  post  set  2  ft.  in  the  ground  so  that  the  door  makes 


FRONT 
Fig.  3 

a  snug  fit.  Unless  one  has  regular  furnace  fronts,  this  class  of  door  is  the 
very  best  that  can  be  devised. 

The  furnace  shown  will  hold  sixteen  30-g.  crucibles,  but  12  work  to  per- 
fection if  set  as  indicated  in  the  plan,  and  in  the  order  shown,  "drawing" 
from  the  side  D  and  pouring  No.  1  first,  and  so  on  to  the  end.  This  keeps 
the  last  crucible  in  the  greatest  heat  until  poured. 

Should  any  of  the  charges  seem  to  be  slightly  frozen,  if  the  crucible  be 
given  a  whirling  motion  in  the  flame  for  a  moment,  it  will  liquefy  and  pour 
readily,  as  a  rule. 

The  top  of  the  furnace,  over  the  firebox,  makes  a  handy  place  upon 
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which  to  set  the  molds  to  receive  the  pour.  A  top  finish  of  cement  pre- 
pares it  perfectly  for  this  purpose. 

This  is  a  furnace  that  will  give  good  results  always,  whether  built  with 
the  utmost  refinements  of  the  art  or  as  crudely  as  may  be  permitted. 

The  muffie,  whether  set  in  the  furnace  separately  or  in  the  chimney  of 
the  crucible  furnace,  should  not  be  of  a  size  less  than  6§  by  10  by  16  in., 
outside  measurements,  and  as  nothing  ever  hits  it,  it  will  last  for  months, 
if  care  be  taken  with  the  bottom. 

No  draft  is  needed,  as  the  heat  can  be  controlled  by  stoking. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  ftt  the 
Pittsburg  meeting,  October,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writins  may  be  sent  to  the  Editor,  American  institute  of  Mining  Engineers,  20  West 
.39th  Street^  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  1,  1914.  Any  diseusmon 
ofTered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Shot  Firing  in  Coal  Mines  by  Electric  Circuit  From  the  Surface 

BT  GEORGE  8.  RICB  AND  H.  H.  CLARK,*  PITTSBURG,    PA. 
(Pittsburg  Meeting,  October,  1914) 

When  lAiners  in  the  interior  coal  fields  of  the  United  States  began  the 
practice  of  blasting  the  coal  without  undercutting,  or  what  is  known  as 
"shooting  off  the  solid,"  many  explosions  resulted,  some  of  them  of 
great  extent  and  violence,  and  attended  with  large  loss  of  life.  One 
of  the  means  adopted  for  preventing  this  large  loss  of  life,  though  not 
preventive  of  explosions,  was  to  employ  shot  firers  to  discharge  the  shots 
when  all  the  other  employees  had  gone  out  of  the  mine  at  the  end  of  the 
day's  shift.  This  system  still  prevails  in  most  of  the  Central  and  South- 
western mines. 

Following  the  disaster  at  Winter  Quarters  mine,  Utah,  May  1,  1900,  in 
which  200  lives  were  lost,  a  system  of  firing  shots  electrically  from  outside 
and  when  the  men  were  out  of  the  mine  was  adopted  at  the  mines  of  the 
Utah  Fuel  Co.^  This  system  has  also  been  used  in  France  in  certain 
mines  that  are  subject  to  instantaneous  outbursts  of  carbonic  acid 
gas.  These  outbursts  generally  occurred  at  shot-firing  time,  on  account 
of  the  blasts  releasing  the  gas  held  in  crevices  under  high  pressure. 

The  system  was  also  adopted  at  a  number  of  other  mines  in  Utah,  at 
the  Cokedale  mine,  Colorado,  at  the  Dawson  mines.  New  Mexico,  and  in 
some  mines  of  the  Tennessee  Coal,  Iron  &  Railroad  Co.  in  the  Birming- 
ham, Ala.  district;  and  more  recently  in  certain  mines  in  Iowa  and  Kansas. 

At  first  there  was  considerable  trouble  from  misfires,  and  in  a  few 
instances  from  premature  firing,  while  men  were  in  the  mine,  through  the 
shot-firing  lines  becoming  crossed  with  power  lines.  Fortunately,  how- 
ever, no  loss  of  life  resulted  from  such  premature  firing  within  the  knowl- 
edge of  the  writers,  and  latterly  this  danger  has  been  reduced  to  a  mini- 
mum by  certain  measures  of  precaution.  The  proportion  of  misfires,  or 
failures  of  individual  shots  to  fire,  has  also  been  reduced  to  a  very  small 

*  Non-member. 

*  Electrical  Shot  Firing  in  Coal  Mines,  Engineering  and  Mining  Journalj  vol. 
Ixxxviii,  No.  6,  p.  243  (Jan.  30,  1909).  ^  t 
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number  through  better  installation  and  arrangements  of  the  shot-firing 
circuits,  so  that  the  system  has  proven  very  satisfactory,  and  has  stood 
the  test  of  a  number  of  years'  experience.  The  system  and  regulation? 
employed  in  one  mine  are  described  in  part  in  Bulletin  No,  10  of  the  Bureau 
of  Mines. 

The  need  of  the  adoption  of  the  system,  under  the  conditions 
which  prevail  where  coal  is  shot  oflF  the  solid  by  black  powder  or 
dynamite,  has  recently  been  brought  to  the  front  by  the  large  number 
of  shot  firers  that  have  been  killed,  particularly  in  the  Southwestern 
mines. 

In  some  districts  where  there  are  restrictions  on  the  quantity  of  black 
powder  that  may  be  used,  and  where  a  careful  inspection  is  made  of  the 
holes  before  the  shots  are  charged,  there  has  been  reasonable  freedom 
from  accidents;  that  is,  only  occasionally  has  there  been  an  explosion, 
with  the  loss  of  a  shot  firer  or  two.  This  has  been  the  situation  in  coal- 
mining States  like  Illinois  and  Iowa,  but  in  Indiana,  where  larger  charges 
of  explosives  are  permitted  by  law,  explosions  resulting  in  the  deaths  of 
shot  firers  have  been  more  frequent.  In  Kansas  and  Oklahoma,  however, 
it  is  admitted  on  all  sides  that  the  methods  of  shot  preparation  have  been 
extremely  reckless,  so  that  explosions  have  been  very  frequent.  This  has 
been  due  to  the  use  of  long  drill  holes,  6,  8  and  even  10  ft.  or  more  in 
depth,  drilled  straight  into  the  solid,  and  sometimes  loaded  with  both 
dynamite  and  black  powder,  such  shots  being  used  at  the  face  of  entries  to 
crack  and  pulverize  the  coal  in  order  that  it  may  be  easy  to  make  a  shear- 
ing. So  many  shot  firers  in  this  Southwestern  district  have  been  killed 
and  with  such  regularity,  that  at  some  mines  they  have  to  be  paid  $10 
per  day  for  a  shift  of  only  2  or  3  hr.,  and  this  price  is  none  too  high,  as 
the  risk  is  tremendous.  One  mine,  for  example,  had  three  shot  firer? 
killed  in  as  many  explosions  in  one  year  and  another  two  in  a  single 
month.  Many  of  these  explosions,  particularly  in  the  pitching  beds  of 
McAlester,  Okla.,  which  are  often  dusty  and  gaseous,  are  violent,  resulting 
sometimes  in  wrecking  the  whole  mine.  As  most  of  the  mines  in  Okla- 
homa are  on  lands  of  the  Civilized  Tribes,  who  are  the  wards  of  the  nation, 
the  supervision  of  the  leases  is  under  the  charge  of  the  Indian  Bureau,  the 
U.  S.  IBureau  of  Mines  acting  in  an  advisory  capacity;  both  bureaus  are 
in  the  Department  of  the  Interior. 

In  order  to  lessen  the  loss  of  life  in  the  Indian  lands  from  the  use,  or 
misuse,  of  explosives,  and  to  lessen  the  number  of  mine  fires  and  explosions 
caused  by  the  use  of  black  powder  and  dynamite,  the  Secretary  of  the 
Interior  issued  an  order  effective  Aug.  1,  1914,  afterward  suspended  to 
Jan.  1,  1915,  as  follows: 

*'0n  and  after  Aug.  1,  1914,  except  as  hereinbefore  provided,  only  such  expiocives 
as  shall  have  passed  the  tests  of  the  (United  States)  Bureau  of  Mines,  and  have  beeD 
designated  as  ^permissible  explosives/  shall  be  used  in  any  coalqr  asphalt  mine  on 
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the  segregated  coal  and  asphalt  lands  belonging  to  the  Choctaw  and  Chickasaw 
Nations  in  Oklahoma. 

"Permissible  explosives  shall  be  fired  by  detonators  of  a  strength  not  less  than  No. 
6  or  otherwise  as  may  be  approved  by  the  Bureau  of  Mines,  and  shall  be  used  in  quan- 
tities and  under  conditions  approved  by  said  bureau. 

"Other  kinds  of  explosives  than  'permissible  e]q;)losives'  may  beused  in  m  ines  in 
which  the  holes  are  loaded  and  the  shots  fired  by  special  shot  firers  using  an  electric 
system  from  without  the  mine.  The  right  is  reserved  to  revoke  this  exception  of  the 
use  of  'permissible  explosives'  if  it  shall  be  found  that  explosions  of  gas  and  dust  are 
caused  thereby  resulting  in  loss  of  life  or  of  coal  through  mine  explosions  or  mine  fires. 

"  During  the  months  of  June  and  ^ly,  1914,  and  subsequently  as  may  prove  desir- 
able the  Bureau  of  Mines  will  supply  on  application,  free  of  charge,  the  services  of  an 
expert  to  aid  in  demonstrating  the  best  methods  of  using  permissible  explosives.'' 

At  a  number  of  mines  on  Indian  lands  where  the  seam  worked  is  flat, 
the  operators  are  preparing  to  introduce  undercutting  machines  and  use 
permissible  explosives,  which  are  very  effective  where  the  coal  is  undercut, 
but  which  (with  exceptions)  cannot  be  used  effectively  in  shooting  off  the 
solid,  since  they  are  quicker  acting  than  black  powder  and  their  charge 
limit  is  1|  lb.  In  hard  or  tough  coal  this  is  insufficient  to  throw  down  the 
coal  without  its  having  been  undercut. 

In  pitching  beds,  under  systems  of  mining  now  employed,  there  are 
difficulties  in  introducing  the  types  of  mining  machines  which  are  most 
popular.  While  it  is  probable  that  machines  of  equal  efficiency  may  be 
developed  which  will  be  more  suited  to  the  conditions,  and  also  that 
changes  in  the  system  of  mining  may  be  made  which  will  permit  some  of 
the  present  semi  long- wall  or  short-wall  machines  to  be  used,  there  are 
difficulties  in  agreeing  upon  labor  scales  to  cover  such  new  work,  and 
therefore  some  of  the  operators  on  the  Indian  lands,  to  conform  to  the 
Department's  order,  have  indicated  their  intention  of  introducing  elec- 
tric systems  of  shot-firing  from  outside  the  mine.  It  is  on  account  of  the 
prospective  wider  adoption  of  this  system  that  it  seems  desirable  to  have 
the  matter  of  specifications  for  the  installation  of  the  shot-firing  system 
and  the  regulations  governing  it  brought  before  the  Institute,  with  a  view 
to  a  discussion  as  to  what  such  specifications  and  regulations  should  be, 
and  with  a  view  to  making  the  system  as  efficient  and  safe  as  possible. 

Electrical  Shot-Firing  Systems 

Electrical  shot  firing  from  the  outside  of  a  developed  coal  mine  differs 
in  general  from  similar  shot  firing  from  within  a  mine  only  in  the  number 
of  shots  fired  at  one  time,  and  the  greater  distance  to  the  shots  from  the 
point  of  firing.  There  are,  however,  several  differences  in  the  details  of 
the  equipment  and  its  arrangement.  Outside  firing,  as  compared  to 
inside  firing,  requires  larger  firing  generators,  larger  conductors  for  dis- 
tributing the  current,  better  insulation  on  the  conductors,  and  better 
insulators  to  support  them. 
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Since  the  main  firing  circuit  of  the  outside  firing  system  is  a  permanent 
one  that  extends  over  a  large  area  and  is  exposed  to  various  untoward 
influences  and  possible  mishandling  by  many  people,  various  switches 
and  safety  devices  must  be  used  in  connection  with  the  system. 

It  is  also  essential  that  there  be  provided  effective  means  for  insuring 
that  no  one  is  in  the  mine  when  the  shots  are  fired  from  the  outside. 

Factors  Contrihviiing  to  the  Success  of  the  System 

In  order  to  insure  safe  and  successful  operation  an  outside  system 
must  be  installed  with  careful  attention  to  the  following  points: 

1.  Freedom  from  accidental  connection  with  its  source  of  power. 

2.  Freedom  from  stray  currents  from  other  sources  of  electricity. 

3.  Freedom  from  connection  to  the  earth. 

4.  Freedom  from  short  circuits  between  the  two  sides  of  the  shot- 
firing  line. 

Freedom  from  accidental  connection  to  its  source  of  power  requires 
that  several  switches  located  at  different  points  should  be  connected  in 
series  with  the  line,  and  that  these  should  be  closed  in  predetermined 
order,  and  only  by  the  man  authorized  to  perform  this  duty. 

Freedom  from  stray  currents  requires  ttat  only  properly  insulated 
conductors  be  used  for  the  shot-firing  circuits,  and  that  such  circuits  be 
properly  installed  and  protected  from  roof  falls  and  where  crossing  or 
passing  near  other  electric  circuiiis. 

Freedom  from  ground  connections  is  desirable  because  such  connec- 
tions allow  the  firing  current  to  be  diminished  by  leakage,  and  at  the 
same  time  provide  a  path  by  which  stray  currents  may  reach  the  firing 
circuits. 

Freedom  from  short  circuits  on  the  firing  line  or  from  even  moder- 
ate leakage  between  the  two  sides  of  the  firing  circuit  is  essential  to  the 
proper  distribution  of  current  to  the  detonators  or  fuses. 

Tentative  Specification  for  an  Outside  Electrical  Shot-Firing  System 

There  follows  a  tentative  general  specification  for  the  various  parts  of  a 
shot-firing  system,  which  is  subject  to  change  whenever  the  wisdom  of 
such  modification  is  made  manifest  as  a  result  of  enlarged  experience. 

(1)  Generator, — The  generator  should  be  a  direct-current  250-volt 
compound-wound  machine  having  a  momentary  capacity  of  about  30 
kw.;  250  volts  is  recommended  becaiise  this  voltage  will  distribute  the 
necessary  current  throughout  the  mine  without  necessitating  the  use  of 
prohibitively  large  conductors  and  it  is  better  than  550  volts  because  it 
will  produce  less  strain  upon  the  insulation  of  the  line.  However,  550- 
volt  currents  have  been  successfully  used,  and  if  there  is  a  source  of  power 
of  this  voltage  already  installed  in  the  mine  power  plant,  it  may  be  used 
with  some  saving  in  size  of  shot-firing  conductors. 
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(2)  Distributing  Circuit. — The  size  of  the  conductors  used  should  be 
sufficient  to  pass  at  least  1.25  amperes  through  each  room  or  heading  cir- 
cuit immediately  upon  closing  the  firing  switch.  This  current  will  insure 
that  three  or  four  electric  igniters  or  detonators  (if  perfect)  will  explode, 
even  if  they  vary  in  resistance  25  per  cent,  above  and  below  the  average^ 
With  less  current  than  1.25  amperes,  the  Bureau  of  Mines  has  found  by 
experiment  that  detonators  25  per  cent,  high  in  resistance  will  explode  and 
open  the  circuit  before  detonators  25  per  cent,  low  in  resistance  can 
become  ignited. 

(3)  The  conductors  should  be  insulated  with  rubber  if  installed  in 
damp  places,  but  if  installed  in  dry  places  may  be  insulated  with  triple- 
braid  weatherproof  insulation.  However,  as  the  humidity  in  coal  mines 
is  generally  high  it  is  advisable  to  use  the  rubber  insulation. 

(4)  The  conductors  should  be  supported  upon  glass  or  porcelain  insu- 
lators placed  so  near  together  that  the  wires  do  not  touch  anything.  It  is 
better  not  to  install  the  circuits  in  the  same  entries  with  other  electric  wires, 
especially  trolley  lines,  but  preferably  in  the  parallel  entry,  and  when 
they  have  to  cross  other  electric  circuits,  the  shot-firing  wires  should  be 
completely  protected  from  contact  with  other  circuits  both  under  normal 
conditions  and  under  conditions  that  might  arise  from  roof  falls  and 
other  contingencies.  Where  a  trolley  line  must  be  crossed,  the  shot-firing 
lines  should  be  protected  by  special  timbering,  or  placed  in  a  channel  cut 
in  the  roof,  if  the  roof  is  low. 

(5)  The  wires  that  are  used  for  connection  between  the  room  switch 
and  the  detonators  will  have  to  extend  for  a  certain  distance  beyond  the 
last  insulator  in  order  to  allow  for  extensions  without  making  frequent 
splices.  These  unsupported  ends  should  be  coiled  up  and  hung  on  the 
post  that  supports  the  last  insulator.  From  that  post  the  wires  will,  of 
course,  have  to  extend  without  support  toward  the  face,  but  care  should 
be  taken  that  they  do  not  make  contact  with  the  floor  if  it  is  wet.  The 
ends  of  the  wires  should  be  scraped  clean  of  insulation  and  the  connection 
with  the  detonator  leads  made  by  cleaning  the  ends  of  the  leads  and  twist- 
ing them  tightly  about  the  ends  of  the  permanent  room  wires.  The  de- 
tonators in  a  room  should  be  connected  in  series  but  the  room  and  entry 
circuits  should  be  connected  in  parallel. 

(6)  Switches. — There  should  be  a  double-pole  single-throw  switch  at 
the  entrance  to  each  room  or  heading  of  entry.     This  switch  should  be 

.  mounted  securely  on  a  post  with  the  hinges  of  the  switch  at  the  bottom. 
The  room  wires  should  be  connected  to  the  hinge  or  lower  terminals  of 
the  switch  and  the  power  wires  to  the  upper  terminals. 

(7)  There  should  be  at  the  mouth  of  each  entry  a  double-pole  single- 
throw  50-ampere  switch  mounted  in  the  same  manner  as  the  room  switch. 

(8)  At  the  foot  of  the  shaft,  slope,  or  bore  hole  where  the  shot-firing 
circuits  enter  the  mine  there  should  be  provided  two  plugs  with  flexible 
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lines  not  less  than  5  ft.  long  to  protect  further  the  main  circuit  of  the 
shot-firing  system  until  all  men  in  the  mine  have  gone  out.  Provisions 
should  be  made  for  locking  the  plugs  out  of  circuit. 

(9)  There  should  be  located  in  the  shot-firer's  cabin,  in  a  locked  box, 
a  switch  that  shall  be  thrown  only  by  the  authorized  shot  firer  after  all 
the  men  are  out  of  the  mine  and  after  all  other  switches  have  been  thrown 
in.  This  switch  should  be  so  designed  that  it  can  be  thrown  but  once 
without  operating  a  locked  dog,  tooth,  cam  latch,  or  other  restraining 
device.  The  switch  can  be  operated  again  only  by  unlocking  the  device. 
The  authorized  shot  firer  shall  be  the  only  person  having  a  key  to  this  lock. 

(10)  There  should  be  located  in  the  power  house  a  switch  in  a  locked 
box,  used  for  connecting  the  shot-firing  circuit  to  the  generator  or  power 
line.  This  switch  shall  be  thrown  in  only  by  the  shot  firer  before  closing 
the  shot-firing  switch,  but  not  until  all  the  men  are  out  of  the  mine. 

ExplancUion  of  Specifications 

Specifications  (1)  to  (5)  are  self  explanatory,  but  it  may  be  advisable  to 
make  some  further  explanation  of  the  paragraphs  relating  to  switches  and 
cutouts. 

(6)  With  reference  to  the  requirement  of  a  switch  at  the  mouth  of 
each  room  or  heading  of  entry,  electrically  it  is  of  course  not  necessary 
to  have  such  a  switch,  but  to  promote  safety  it  is  of  the  utmost  impor- 
tance. The  miner  in  connecting  up  the  shot-firing  wires  with  the  detona- 
tor or  electric  igniter  leads  at  the  end  of  his  shift  when  he  is  about  to  go 
out  of  the  mine,  would,  if  there  was  any  stray  current  through  grounding 
on  a  power  Une  in  the  entry,  be  exposed  to  the  risk  of  premature  firing. 

It  very  much  lessens  the  danger  if  there  is  a  switch  at  the  mouth  of  his 
room  attached  to  a  post  in  plain  sight  of  the  inspector  or  mine  o£Scial 
going  along  the  entry;  and  so  placed  that  the  miner  is  somewhat  protected 
when  the  switch  is  thrown.  The  miner  throws  this  switch  in  when  he  goes 
out  of  the  mouth  of  his  room  or  heading,  after  connecting  up  the  shot- 
firing  wires.  The  room  and  heading  circuits  are  in  paraUel  so  that  if  by 
any  inadvertence  the  miner  fails  to  throw  in  the  switch  it  does  not  cut  out 
the  other  working  places  in  the  branch  entry  off  which  the  rooms  are 
turned. 

As  an  additional  precaution  to  prevent  premature  firing,]  switches 
are  placed  at  the  mouth  of  each  branch  entry,  sUch  branch  switches  being- 
placed  in  a  locked  box,  the  key  of  which  is  in  possession  of  the  oflScial 
in  charge  of  the  branch  or  district.  This  reduces  the  area  affected  by 
possible  stray  currents  until  these  switches  are  thrown. 

(8)  The  purpose  of  putting  in  the  circuit  a  gap  5  ft.  long,  as  specified 
above,  at  the  foot  of  the  shaft,  slope,  or  bore  hole  where  the  shot-firing 
circuits  enter  the  mine,  is  primarily  to  prevent  the  possibiUty  of  a  dis- 
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charge  by  lightning^  which  may  strike  the  outer  circuit  entering  the  mine, 
and  would  jump  an  ordinary  switch  opening.  This  actually  happened 
in  a  certain  mine,  evidently  when  the  men  had  already  left  their  working 
places,  so  that  no  accident  resulted.  This  plan  of  using  flexible  lines  5 
ft.  long  was  then  adopted  at  this  mine. 

(9)  The  reasons  for  the  specifications  for  the  switch  in  the  shot-firer's 
cabin  and  power  house  are  self  evident,  except  that  the  reason  for  ar- 
ranging the  switch  so  that  it  may  not  be  again  accidentally  closed,  is  to 
prevent  a  possible  electric  flash  at  the  working  face  in  case  of  grounding 
of  the  lines  when  dust  and  inflammable  gas  may  have  been  liberated  by  the 
discharge  of  the  shots  resulting  from  the  first  switch  closing. 

Checking  In-and-Ovi  System 

An  important  part  of  an  electric  shot-firing  system  from  outside  the 
mine,  is  the  method  of  keeping  track  of  the  employees  entering  the  mine,  to 
insure  that  the  shot  firing  is  not  done  until  all  of  them  have  come  out. 
At  many  mines,  irrespective  of  the  system  of  shot  firing,  the  checking 
in-and-out  system  is  used.  Where  such  a  system  is  employed,  the 
check  board  should  be  kept  in  the  shot-firer's  cabin  or  adjacent  to  it. 

One  excellent  method  is  to  have  the  check  board  arranged  so  that  every 
employee  and  visitor  entering  the  mine  may  have  a  number;  when  the  em- 
ployee is  working  at  the  face  his  number  will  most  conveniently  be  the 
same  number  as  used  for  the  checks  which  he  places  on  mine  cars  he  has 
loaded.  These  are  generally  iron  checks;  the  man  checks  should  be  made 
of  brass  or  other  metal  to  distinguish  them  from  the  car  checks.  When  no 
one  is  in  the  mine  all  of  the  man  checks  should  be  on  the  board,  so  that  at 
a  glance  it  can  be  observed  whether  or  not  there  is  any  missing,  which 
would  mean  one  of  two  things,  either  that  the  man  was  in  the  mine,  or  had 
come  out  of  the  mine  and  gone  home  without  leaving  his  check.  There 
should  be  a  penalty  for  non-delivery  of  the  check. 

The  shot-firer's  cabin  should  be  so  located  that  the  men  in  coming  out 
of  the  mine  are  compelled  to  pass  the  cabin,  by  means  of  fences,  or  by 
direction  of  officials  stationed  at  the  mouth  of  the  mine.  As  a  man  enters 
the  mine  he  is  handed  the  brass  check,  and  if  it  is  a  gaseous  mine  he  may 
be  given  his  safety  lamp  at  the  same  time.  When  he  comes  out  of  the 
mine  he  gives  up  his  check.  When  the  shot-firing  time  comes  the  shot 
firer  examines  the  board,  then  if  there  is  any  check  missing  a  search  is 
made  for  the  man.  There  should  be  accessible  for  quick  reference  a  book 
or  list  showing  where  each  underground  employee  ordinarily  works,  if 
he  has  a  regular  station,  which  is  the  case  with  90  per  cent,  of  the 
employees. 

The  checking  system,  therefore,  serves  two  purposes:  One  for  the 
protection  of  the  men  from  shot  firing,  and  the  other  in  case  of  an  accident, 
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such  as  a  fall  of  roof  upon  a  man  working  in  an  isolated  place.  When  he 
does  not  appear  at  the  end  of  the  shift  he  will  be  sought  for.  By  imposing 
suitable  penalties  on  those  who  are  careless  either  in  coming  out  of  the 
mine  at  the  proper  time,  or  in  not  giving  up  their  checks  when  they  have 
come  out,  it  is  very  seldom,  at  mines  where  this  or  similar  systems  are  used, 
that  men  fail  to  give  up  the  check  promptly. 

When  the  shot  firer  has  been  informed  by  the  underground  oflScials 
that  all  the  underground  main  switches  have  been  closed,  that  the  5-ft. 
gap  in  the  circuit  where  it  enters  the  mine  underground  has  been  bridged 
by  the  flexible  connections,  and  is  sure  that  all  the  men  are  out,  he  pro- 
ceeds to  the  power  house,  unlocks  the  switch  box  and  closes  the  switch  that 
connects  the  generator  to  the  shot-firing  lines;  he  then  returns  to  the 
shot-firing  cabin,  opens  the  box  containing  the  shot-firing  switch  and  oper- 
ates that  but  once.  The  reason  for  the  mechanical  locking  of  the  switch 
in  an  open  position  after  throwing,  has  already  been  explained. 

In  mines  that  use  black  powder  or  dynamite  for  shooting  off  the  solid, 
fires  are  frequently  started  by  the  explosive,  particularly  if  the  mine  makes 
a  little  inflammable  gas  at  the  face.  It  is,  therefore,  essential  after  shot 
firing  that  an  inspection  be  made  as  rapidly  as  the  state  of  ventilation 
permits,  by  a  fire  boss  or  other  official,  both  to  extinguish  incipient  fires, 
and  to  find  out  whether  there  have  been  any  misfires.  If  there  have  been 
some  shot  failures  it  will  be  necessary  to  re-connect  the  shotsd  the  room 
after  [first  having  opened  all  the  branch  entry  switches  an  that  failed, 
switches  on  those  branches  where  the  shots  failed.  Then  after  recon- 
necting the  switches  leading  to  these  shots,  the  balance  being  kept  open,  the 
officials  come  out  of  the  mine  and  again  try  to  fire  those  shots.  In  the 
event  of  a  second  failure  it  will  probably  be  necessary  to  examine  and  test 
the  shot-firing  lines  for  grounds  or  other  defects;  and  if  none  are  found,  to 
withdraw  the  explosive  charges  by  the  most  approved  means,  and  re- 
charge, using  fresh  detonators  or  igniters. 

Manifestly  the  success  in  handling  such  details  will  depend  upon  the 
efficiency  of  the  mine  organization;  but  as  already  stated,  the  percentage 
of  failures  in  mines  where  the  system  has  been  tried  for  years  is  very 
small. 

The  object  of  having  all  the  shots,  which  may  be  as  many  as  three  or 
four  in  a  single  room  or  heading,  connected  in  series,  is  two  fold: 

(1)  To  prevent  the  amount  of  current  falling  below  that  which  is 
necessary  to  discharge  the  detonators  or  igniters. 

(2)  To  insure  that  either  all  of  the  shots  in  the  room  or  heading  be 
discharged,  or  none  at  all.  This  is  because  in  shooting  off  the  solid 
where  a  number  of  shots  are  likely  to  be  prepared,  especially  if  there  are 
three  or  four,  the  success  of  some  of  these  shots  is  dependent  upon  the 
success  of  the  others;  in  other  words,  they  are  "dependent  shots."  In 
firing  shot  by  shot,  the  order  in  which  they  go  off  can  be  assured;  but 
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while  this  undoubtedly  is  the  best  system,  the  next  best  method  is  that  of 
having  them  all  go  ofif  at  once.  It  is  true,  it  is  possible  to  use  delayed 
detonators  or  igniters.  In  this  type,  pieces  of  fuse  of  varying  length  are 
inserted,  the  electric  current  firing  the  fuse,  and  the  latter  in  turn  igniting 
the  explosive;  thus  by  regulating  the  length  of  fuse  the  shots  may  be  put 
oflF  in  the  order  desired.  However,  the  complications  of  this  in  the  hands 
of  the  less  experienced  or  intelligent  miners  make  it  somewhat  dubious 
whether  there  is  any  material  gain  over  firing  simultaneously. 

* 
Electric  Shot  Firing  from  Outside  by  Districts  or  Branch  Entries 

A  number  of  ingenious  systems  have  been  experimented  with  to  fire 
shots  in  a  mine  from  outside,  sectionally .  That  is,  first  one  pair  of  entries, 
then  another  pair,  and  so  on,  under  the  theory  that  this  was  less  severe  in 
its  effects  upon  the  min-e.  However,  experience  has  indicated  that  the 
effect  of  discharging  shots  throughout  the  mine  at  one  time  is  not  any 
more  severe  than  when  the  shots  are  fired  by  sections.  In  fact,  at  a  large 
mine  it  is  impossible  to  tell  at  the  mouth  when  the  shots  have  been  fired, 
there  being  so  little  effect  in  the  way  of  setting  up  an  air  wave.  It  would 
seem  that  the  local  pressures  set  up  by  the  shots  in  the  different  rooms 
and  entries  neutralize  one  another  so  that  there  is  no  general  concussion 
wave  started.  Further,  there  does  not  appear  to  be  any  serious  difficulty 
with  the  roofs  (apart  from  causing  falls  of  roof),  or  blowing  out  of  ventilat- 
ing doors,  stoppings,  etc.,  as  is  liable  to  take  place  in  the  ordinary  shot 
firing,  shot  by  shot. 

The  expense  of  a  new  installation,  apart  from  the  generator,  is  from 
$1,000,  in  a  mine  of  moderate  size,  to  about  $3,000  in  a  large  mine. 
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[subject  to  bevision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED  .  It  should  preferably  be  presented  in  person  at  the 
Pitteburg  meeting,  October,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Dec.  1, 1914.  Any  discussion 
ofiferad  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Iron  Industry  in  Brazil 

BT  E.  C.  HARDER,  MILWAUKEE,  WIS. 
(Pittsburg  Meeting,  October,  1914^ 

Introduction 

Few  mineral  deposits  have  in  recent  years  attracted  such  general  and 
widespread  attention  as  the  Brazilian  iron-ore  deposits,  due  mainly  to 
the  quantities  of  rich  ore  occurring  here,  in  contrast  to  the  ever-decreasing 
grade  of  ores  shipped  from  many  large  producing  iron-ore  districts  of  the 
world.  The  general  average  grade  of  the  iron  ores  shipped  from  the 
Lake  Superior  district*  has  decreased  to  approximately  50  per  cent., 
natural,  in  recent  years.  The  Rubio  ore  of  Bilbao,  Spain,'  in  1890  averaged 
55.5  per  cent,  metallic  iron,  dried;  in  1902,  52.8  per  cent.,  while  at  the 
present  time  a  large  proportion  of  the  ores  shipped  from  Bilbao  are 
obtained  by  reworking  the  old  dumps.  In  northern  Sweden,  where 
large  magnetite  deposits  have  only  in  recent  years  been  extensively 
developed,  selective  mining  is  even  now  necessary  in  order  to  obtain 
high-grade  Bessemer  ores.  During  the  last  two  years  the  iron  ores  of 
Chile  have  attracted  much  attention  on  account  of  the  activities  of  the 
Bethlehem  Steel  Co.  and  others  in  the  Chilean  iron-ore  region.  Many 
of  these  ores  are  of  good  grade,  yielding  67  and  even  68  per  cent,  metallic 
iron,  but  judging  from  the  writer's  observations  in  this  region  a  large 
proportion  of  them  will  be  found  to  be  of  non-Bessemer  grade. 

The  most  important  variety  of  iron  ore  in  Brazil  is  hard,  dense  to 
specular  hematite,  occurring  in  Minas  Geraes.  A  large  number  (89) 
of  analyses  of  this  type  of  ore  have  been  averaged,'  giving  the  following 
composition: 

Per  Cent. 

Iron 69.65 

Phosphorus 0.0125 

Silica 0.24 

Combined  H,0 0.38 

^  Personal  communication  from  Prof.  C.  K.  Leith. 

'  Whitwell,  William :  Presidential  address,  Journal  of  the  Iron  and  Steel  InstittUe, 
vol.  Ux,  pp.  24  to  60  (1901). 

"  Communicated  to  the  writer  by  H.  K.  Shearer. 
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In  very  few  places  in  the  world  has  iron  ore  been  found  in  marketable 
quantities  which  even  approaches  this  ore  in  grade,  while  in  Brazil 
several  hundred  million  tons  of  such  ore  are  in  sight,  occurring  practically 
on  the  surface,  while  besides  this  rich  ore  there  is  an  almost  incredible 
amount  of  lower-grade  ores,  i.e.,  ores  of  60  per  cent,  metallic  iron  and 
over.     It  may  be  found  impracticable,  when  mining  operations  com- 
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-Map  of  Brazil,  Showing  Location  of  Minas  Gbbabs  Ibon-Obe 
District. 


mence,  to  mine  exclusively  the  high-grade  ores,  and  that  admixtures  of 
other  ores  will  somewhat  lower  the  general  quality  of  marketed  material; 
still  it  is  safe  to  say  that  Brazil  will  be  able  to  furnish  for  many  years  ores 
of  Bessemer  quality  which  will  average  more  than  68  per  cent.  metalUc 
iron. 

Up  to  the  present  time  no  iron  ore  has  been  exported  from  Brazil,  and 
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only  a  very  insignificant  quantity  has  been  used  to  supply  the  small 
domestic  furnaces.  Plans  have  been  made  to  ship  a  small  quantity  of 
ore  from  one  of  the  mines  in  Minas  Geraes  during  1915,  but  it  wiU  prob- 
ably be  several  years  before  any  important  quantities  are  exported. 
Conditions  are  not  yet  ripe  in  Brazil  for  the  establishment  of  an  iron- 
smelting  industry  of  importance  within  the  country.  As  there  is  no  coal 
at  present  known  in  Brazil  fit  for  smelting  purposes,  coal  would  have  to 
be  imported  from  Europe  or  North  America,  and  since  Brazil  cannot 
aflford  a  market  for  any  great  quantity  of  manufactured  articles  of  iron, 
it  would  be  necessary  to  export  the  greater  part  of  the  iron  to  other 
countries,  thus  necessitating  double  transportation,  the  bringing  in  of 
fuel  and  the  taking  out  of  manufactured  iron.  For  this  reason  it  is 
proposed  to  export  the  iron  ore  to  foreign  smelters  where  the  fuel  supply 
and  the  markets  for  the  manufactured  products  are  close  at  hand. 
Eventually,  as  the  demand  for  iron  in  South  America  increases,  smelting 
plants  will  doubtless  be  established  in  Brazil  to  supply  the  local  market. 

History  op  the  Iron  Industry 

The  history  of  the  Brazilian  iron  industry  is  centered  around  two 
regions:  (1)  Ipanema,  in  the  State  of  S^o  Paulo,  where  small  deposits  of 
titaniferous  magnetite  have  been  operated  intermittently  since  the  - 
beginning  of  the  seventeenth  century;  and  (2)  Minas  Geraes,  where  the 
extensive  bodies  of  hematite  occur  which  now  seem  destined  to  play  an 
important  part  in  the  iron-ore  industry  of  the  world. 

Dr.  Derby*  gives  the  following  interesting  history  of  the  iron  industry 
in  Sfio  Paulo: 

'^The  colonial  records  of  Brazil  register  the  fact  that  about  1590  an  exploring  party 
that  set  out  from  the  town  of  S&o  Paulo,  founded  about  40  years  before,  reported  the 
finding  of  iron  ore  in  a  mountain  situated  100  kilometers  to  the  southward.  Gold 
and  silver  were  also  reported  from  the  same  region,  and  acting  on  this  information  the 
Portugese  Government  took  measures  to  promote  the  mining  industry  in  the  colony 
by  sending  out,  in  1597,  officials  especially  charged  with  this  mission.  The  inclusion 
of  an  iron  founder  in  the  party  indicates  a  special  interest  in  the  discovery  of  iron  ore. 
One  or  two  small  forges  were  set  up  which  commenced  to  produce  iron  probably  about 
the  year  1600,  and  continued  in  activity  to  about  1629.  The  place  subsequently 
took  the  name  of  Ipanema  which  has  ever  since  been  inseparably  connected  with  the 
long,  though  not  brilliant,  history  of  the  iron  industry  in  Brazil.  There  is  a  reasonable 
probability  that  the  iron  produced  here  was  the  first  to  be  manufactured  on  the 
American  continent. 

*' About  the  same  time  a  forge  was  established  close  to  the  town  of  SAo  Paulo  in 
order  to  work  the  argillaceous  ore  that  abounds  in  the  vicinity,  but  it  does  not  seem 
to  have  had  a  prolonged  existence 

In]  1765  the  production  of  iron  was  resumed  at  Ipanema  in  Sfio  Paulo,  but  again 

*  Derby,  O.  A.:  The  Iron  Ores  of  Brazil,  Iron  Ore  Resources  of  the  World,  p.  813 
(Stockholm^  1910). 
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abandoned  after  a  few  years.  An  attempt  made  in  1800  to  revive  the  industry,  this 
time  by  means  of  a  high  furnace,  was  unsuccessful,  and  in  1810  a  Swedish  metallurgist, 
under  contract  with  the  Govemment,  constructed  four  direct-process  furnaces  which 
continued  in  operation  until  1818,  when  two  high  furnaces  constructed  by  the  German 
engineer  officer,  Frederic  von  Varnhagen,  then  in  the  service  of  the  Portugese  Govem- 
ment, were  put  into  operation.  These  continued  in  blast,  under  Govemment  admin- 
istration and  with  a  daily  production  of  3  to  4  tons  until  1895." 

In  Minas  Geraes  we  have  the  first  definite  information  of  the  produc- 
tion of  iron  about  the  beginning  of  the  nineteenth  century,  although  it  is 
reasonable  to  suppose  iron  was  manufactured  previous  to  this  date  by 
primitive  African  methods,  with  which  many  of  the  slaves  imported  for 
the  purpose  of  working  the  gold  mines  in  this  region  were  probably 
familiar.*  Dr.  Derby®  states  that  when  Eschwege^  arrived  in  the  district 
in  1811  most  of  the  smithies  then  existing  produced  their  own  iron,  either 
in  a  small  furnace  constructed  for  the  purpose,  or  by  the  spoonful  in  the 
ordinary  backsmith's  forge. 

Toward  the  end  of  1812  a  company  formed  under  the  direction  of 
Eschwege  began  to  produce  iron  at  the  rate  of  about  1  cwt.  per  day  in  a 
direct-process  plant  erected  near  Ouro  Preto.  After  this  the  process 
spread  rapidly,  and  before  long  the  entire  gold-mining  district  of  Minas 
Geraes  was  dotted  with  little  iron  furnaces.  In  1853,  John  Monlevade* 
a  French  engineer,  then  operating  in  Minas  Geraes,  estimated  that  84 
plants  producing  iron  were  located  in  the  region  between  Ouro  Preto  and 
Itabira  de  Matto  Dentro.  These  employed  at  least  2,000  persons,  free 
and  captive,  and  produced  from  145,000  to  150,000  arrobas  (2,175  to 
2,250  tons)  of  iron  yearly.  Derby  states  that  the  total  number  of  plants 
in  the  district  in  1864  was  estimated  at  120. 

Blast-furnace  operations  have  not  been  extensive  in  Minas  Geraes. 
Dr.  Derby^  states  that  an  attempt  was  made  to  erect  a  high  furnace  at 
Morro  de  Pilar  between  1809  and  1814  but  it  was  unsuccessful. 

In  1888,  a  charcoal  furnace  about  30  ft.  in  height  and  capable  of  pro- 
ducing about  5  tons  of  pig  iron  per  day  was  erected  at  Esperanca^*^ 
near  Itabira  do  Campo  on  the  Central  Railroad  of  Brazil,  and  a  few  years 
later  a  similar  furnace  with  a  foundry  in  connection  was  built  at  Miguel 
Burnier,  some  distance  south  on  the  same  railway.  The  Miguel  Burnier 
furnace  has  been  idle  for  many  years  but  the  foundry  has  been  operating 

•Derby,  O.  A.:  Op.  cU, 

•  Derby,  O.  A.:  Op.  ctY.,  p.  314. 

'  Baron  W.  L.  von  Eschwege,  a  Prussian  military  engineer,  employed  by  the 
Portuguese  govemment  during  the  years  1810  to  1822  to  develop  the  mining  industry 
of  Brazil.    See  Trans.,  xxxiii,  407  (1902). 

•  Monlevade,  Joflo  Antonio  de:  Letter  to  President  of  Province  of  Minas  Geraes, 
Dec.  12,  1853. 

•Derby,  O.  A.:  Op.  cit. 

"  Scott,  H.  K. :  The  Iron  Ores  of  Brazil.  Journal  of  the  Iron  and  Steel  InaiituUf  vol. 
Ixi,  p.  248  (1902). 
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with  pig  iron  produced  at  Esperanca.  The  Esperanca  furnace  has  been 
operated  almost  continuously  to  the  present,  using  principally  rubble  ore 
obtained  from  the  hills  near  Miguel  Burnier.  At  the  present  time  it  is 
the  only  blast  furnace  in  South  America  actively  producing  iron. 

Direct  Process  of  Iron  Manufacture 

There  are  at  the  present  time  about  a  dozen  small  plants  in  the 
Minas  Geraes  iron-ore  district  engaged  in  manufacturing  iron  from  the 
ores  by  the  direct  process,  that  is,  without  the  addition  of  fluxing  material. 

For  smelting  the  ore  by  the  direct  process  two  types  of  furnaces  are 
used:  (1)  the  closed  or  crucible  furnace,  and  (2)  the  open  or  Italian  furnace. 


Photo  by  H.  K.  Shecwer 

TiQ,  2. — Serra  do  Caraca  at  Alegria.    The  ridoe  on  the  skyline  consists 
OP  quartzite;  the  bare  ridge  in  the  middle  background  is  iron  formation. 

While  nearly  all  the  plants  have  furnaces  of  both  types,  the  crucible  fur- 
naces are  more  extensively  used.  These  are  generally  arranged  in  series 
of  four,  six,  or  eight.  A  series  of  four  furnaces  will  have  about  the  follow- 
ing outside  dimensions:  4  ft.  high,  5  ft.  wide  and  10  ft.  long.  The  open- 
ing or  crucible  itself  is  a  vertical,  cylindrical  cavity  about  2  to  3  ft.  in 
depth  and  about  a  foot  in  diameter.  From  the  base  of  the  crucible  an 
opening  extends  through  the  front  wall  through  which  the  bloom  is 
extracted  after  firing.  In  the  rear  wall  of  the  crucible  is  a  small  opening 
which  admits  the  blast,  produced  by  water  power. 

The  smelting  operatioiis  consist  in  filling  the  crucible  with  successive 
layers  of  charcoal  and  crushed  or  pulverized  iron  ore,  sUghtly  dampened, 
then  igniting  and  applying  the  blast.     More  ore  and  charcoal  are  gen- 
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erally  added  as  the  charge  settles  until  a  bloom  of  upward  of  25  lb.  is 
produced,  the  size  depending  more  or  less  upon  the  size  of  the  hammer 
with  which  it  is  to  be  worked.     The  bloom  consists  of  a  mixture  of  metal- 
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Fig.  3. — Map  Showing  the  Location  of  the  Principal  Iron-Ore  Deposits 

IN  MiNAs  Geraes. 
(Base  adapted  from  a  map  by  Gomsaga  de  Cami)os.) 


lie  iron,  carbon,  and  slag.  This  mass,  in  a  semi-molten  condition,  is  pounded 
with  a  trip  hammer,  operated  by  an  overshot  water  wheel,  for  the  purpose 
of  eliminating  the  slag.     Very  frequently  it  is  necessary  to  reheat  and 
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hammer  a  bar  of  bloom  two  or  three  times  in  order  to  make  it  fairly  free 
from  slag,  the  reheating  being  done  in  an  ordinary  forge. 

The  Italian  furnace  differs  from  the  crucible  furnace  in  being  open, 
having  only  a  floor  and  back  wall.  In  the  floor  is  a  hollow  or  basin  into 
which  ore  and  charcoal  are  fed  and  in  which  the  bloom  is  formed.  The 
blast  enters  through  the  rear  wall. 

An  ordinary  direct-process  furnace  will  produce  about  four  bars  of 
bloom  daily,  each  25  lb.  and  upward,  or  between  100  and  150  lb. 
of  iron  per  day.  One  or  two  of  the  existing  plants  have  about  20  lb., 
which  makes  the  output  of  such  a  plant,  when  in  continuous  operation, 
nearly  a  ton  of  iron  per  day.  As  a  rule,  however,  only  a  limited  number 
of  furnaces  are  operated  at  the  same  time. 

The  bars  of  bloom  are  later  hammered  into  long,  thin  wrought  iron 
strips  and  these  are  manufactured  into  horseshoes  and  various  agricultural 
implements,  such  as  hoes,  brush  hooks,  etc. 

Fuel 

Good  fuel  for  smelting  purposes  is  scarce  in  Brazil.  Charcoal  is 
usually  made  of  poor  wood  which  remains  after  the  hardwoods  and  timber 
resistant  to  decay  have  been  cut  for  building  and  other  purposes.  The 
wood  remaining  after  this  valuable  timber  has  been  removed  is  usually 
soft  and  yields  a  poor  quality  of  charcoal,  which  serves' the  purpose 
for  direct-process  •  smelting  but  is  unsatisfactory  for  blast-furnace 
operation. 

Coal  occurs  in  the  States  of  Sao  Paulo,  Parana,  and  Santa  Catharina  in 
stratified  rocks  of  probable  Permo-Carboiiiferous  age.  It  is  said"  to  be 
of  very  poor  quality,  however,  containing  a  large  percentage  of  pyrite 
which  makes  it  entirely  unfit  for  smelting  purposes.  Other  discoveries  of 
coal  are  reported  from  the  Amazon  basin  but  these  have  not  yet"  been 
proved  to  be  of  economic  importance. 

The  Iron-Ore  Deposits 

The  iron  ores  of  Brazil  are  of  two  distinct  types:  (1)  magnetite  ores 
associated  with  igneous  rocks  occurring  in  the  States  of  Minas  Geraes, 
Sao  Paulo,  Parana,  and  Santa  Catharina;  and  (2)  hematite  ores  associated 
with  metamorphosed  sedimentary  rocks  in  the  State  of  Minas  Geraes. 

Magnetite  Deposits 

The  magnetite  ores  are  of  relatively  httle  importance,  occurring  only  as 
small  scattered  deposits.     The  best  known  of  these  are  found  at  Sao 

"  Communicated  to  the  writer  by  Dr.  O.  A.  Derby. 
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Joao  Baptista,  Minas  Geraes;  Ipanema  and  Jacupiranga,  Sao  Paulo; 
Antonina,  Parana;  and  Joinville,  Santa  Catharina.  Other  deposits  are 
reported  elsewhere  in  Parana  and  Santa  Catharina  and  also  at  localities 
in  the  States  Rio  de  Janeiro,  Minas  Geraes,  and  Espirito  Santo. 

The  Sao  Joao  Baptista  deposits  contain  some  magnetite  of  very  high 
grade  and  are  saidto  be  extensive.  They  occur  west  of  Oliveira  station  on 
the  West  of  Minas  Raikoad  in  south-central  Minas  Geraes.  A  specimen 
of  ore  gave  the  following  analysis.^* 

Per  Cent. 

Fe 72.24 

P 0.017 

Siliceous  matter 0 .  62 

TiOi nil. 

The  Ipanema  and  Jacupiranga  deposits  consist  of  titaniferous  magne- 
tite occurring  in  pyroxenite  associated  with  nephelinite  and  apatite- 
pyrone  rocks."  As  is  the  case  with  most  ores  of  this  class  .every 
gradation  exists  between  pure  pyroxenite  rock  and  iron  ore.  The 
content  of  titanic  oxide  in  the  Ipanema  ore  is  said  to  be  relatively 
low,  but  that  in  some  of  the  Jacupiranga  ores  is  said  to  be  as  high 
as  20  per  cent.  The  Jacupiranga  deposits  are  found  in  the  south- 
eastern corner  of  Sao  Paulo  near  the  sea  coast,  while  those  of  Ipanema 
are  located  in  the  interior  in  the  south-central  part  of  the  State. 

The  Antonina  deposits  occur  in  northeastern  Parana  close  to  the 
shore  of  a  bay  which  extends  northward  from  the, port  of  Antonina. 
Eight  or  10  different  orebodies  occur  arranged  at  intervals  along  an  ap- 
proximately northeast-southwest  line.  The  bodies  are  in  the  form  of 
rough  lenses  inclosed  in  a  basic  igneous  rock  resembling  diorite.  The  ore 
varies  in  grade;  locally,  masses  of  pure  magnetite  occur,  but  generally 
the  ore  consists  of  mixed  magnetite  and  rock.  A  sample  of  fairly  good- 
looking  ore  from  one  of  the  larger  orebodies  gave  the  following  analysis. ^^ 

Per  Cent. 

Fe 64.00 

P 0.031 

SiOj 6.94 

HaO  (combined) 0.63 

Mn : 0.20 

Some  of  the  Antonina  orebodies  consist  of  manganiferous  iron  ore, 
samples  taken  running  as  high  as  25  per  cent,  manganese." 

The  Joinville  magnetite  deposits  are  found  about  16  miles  southwest 
of  Joinville  and  apparently  consist  of  a  number  of  scattered  lenses  in  an 

*^  Analysis  by  T.  H.  Lee,  Service  Geologico  e  Mineralogico  do  Brazil,  Rio  de 
Janeiro. 

^*  Analysis  by  H.  K.  Shearer,  Brazilian  Iron  &  Steel  Co. 

"  Analyses  by  T.  H.  Lee,  Servico  Geologico  e  Mineralogico  do  Brazil,  Rio  de  Janeiro 
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area  underlain  by  granite  and  gneiss.  The  outcrops  occur  in  the  lower 
foot  hills  of  the  Serra  do  Mar,  and  are  very  near  the  coast,  being  on  the 
edge  of  the  belt  of  flat  lowlands  running  parallel  to  the  coast  line.  A 
sample  taken  over  one  of  the  outcrops  gave  the  following  analysis.^® 

Per  Cent. 

Fe 71.30 

P 0.041 

SiO, 0.46 

HaO  (combined) 0.19 

Mn 0.43 

Hematite  Deposits 

The  hematite  deposits  associated  with  the  metamorphosed  sedi- 
mentary rocks  in  Minas  Geraes  are  the  only  known  iron  ores  in  Brazil  to 
which  any  considerable  importance  is  attached.  They  occupy  a  large 
area  in  the  south-central  part  of  Minas  Geraes,  being  practically  co- 
extensive with  the  sedimentary  formations  in  this  region.  The  area 
within  which  the  principal  deposits  are  found  is  roughly  100  miles  long 
from  northeast  to  southwest,  and  about  60  miles  in  width.  Within  this 
region  the  orebodies  are  more  or  less  segregated  at  certain  localities. 

The  sedimentary  series  in  which  the  iron  ores  occur  is  of  probable 
pre-Cambrian  age  and  rests  unconformably  on  a  basement  of  igneous 
rocks  consisting  of  gneiss,  granite  and  various  crystalline  schists.  The 
lowest  member  of  the  sedimentary  series  is  a  massive  quartzite  of  great 
thickness  which  is  overlain  by  a  thin  discontinuous  argillaceous  schist. 
Above  this  schist  is  the  remarkable  Minas  Geraes  iron  formation,  which 
consists  largely  of  a  laminated,  iron  oxide-bearing  quartzite  known  as 
itabirite,  but  which  contains  also  beds  of  ferruginous  schist  and  layers  and 
lenses  of  iron  ore.  The  iron  formation  is  overlain  by  an  extensive  forma- 
tion of  schist  and  quartzite  which  contains  iron  formation  and  limestone 
beds  in  the  lower  part  and  which  grades  up  into  a  formation  consisting  of 
quartzite  with  some  schist,  the  highest  known  member  of  the  sedimentary 
series. 

Itabirite,  the  principal  constituent  of  the  iron  formation,  generally 
consists  of  alternating  layers  of  quartz  sand  and  iron  oxide,  but  locally  it 
consists  of  a  granular  mixture  of  quartz  sand  and  iron  oxide.  It  probably 
makes  up  more  than  96  per  cent,  of  the  iron  formation,  the  remaining  6 
-per  cent,  consisting  of  ferruginous  schist  and  iron  ore.  Itabirite  rarely 
contains  less  than  30  per  cent,  metallic  iron  and  from  this  it  grades  up, 
with  diminishing  quartz  sand,  into  ore,  the  lower  limit  of  which  may  be 
taken  as  50  per  cent,  metallic  iron.  Occasionally  itabirite,  very  low  in 
iron,  apparently  grades  down  into  ferruginous  sandstone  or  quartzite. 

^'  Analysis  by  H.  K.  Shearer. 
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The  iron  formation  varies  greatly  in  thickness,  in  places  being  less 
than  60  ft.  and  elsewhere  more  than  4,000  ft.  thick.  The  iron  ore  and 
ferruginous  schist  occur  interstratified  with  the  itabirite  as  beds  or  lenses 
varying  in  length  and  thickness.  The  iron  ore  appears  to  be  a  true  sedi- 
mentary formation, ^^  laid  down  at  the  same  time  as  the  inclosing  rocks 
and  later  metamorphosed  with  them.  The  iron-ore  beds  have  the  same 
strike  and  dip  as  the  inclosing  rocks  and  outcrop  with  them  at  the 
surface.  In  many  places  hard-ore  layers  form  the  tops  of  hills  or  ridges 
or  form  conspicuous  cliflfs  along  the  hillsides,  due  to  their  greater  resistance 
to  erosive  processes. 

When  the  iron  formation  weathers  at  the  surface  a  blanket  consisting 
of  a  mixture  of  itabirite  and  ore  fragments  cemented  by  limonite  is 
formed.  This  blanket  may  vary  in  thickness  from  a  few  inches  to  more 
than  60  ft.,  and  spreads  over  the  surface  of  the  iron  formation  as  well  as 
over  the  surface  of  adjacent  formations  such  as  schist  or  granite.  This  is 
the  iron-ore  conglomerate  or  breccia  termed  canga. 

The  so-called  ''itabirite  ores"  of  Brazil  are  therefore  of  two  distinct 
classes:  (1)  those  occurring  as  original  beds  or  lenses* in  the  iron  formation 
and  (2)  those  resulting  from  the  weathering  and  concentration  of  the  iron 
formation.  They  may  be  classed  as  follows:  Original  or  bedded  ores:  (1) 
hard  massive  ore;  (2)  soft  powdery  ore;  (3)  laminated  or  thin-bedded  ore. 
Concentration  ores:  (1)  canga  (iron-ore  conglomerate);  (2)  stream  sand 
and  gravel  ores;  (3)  rubfileore;  (4)  enriched  itabirite;  (6)  leached  carbonate. 

Of  the  above  classes  the  bedded  ores  are  by  far  the  most  important, 
especially  the  hard  massive  ore.  This  is  of  high  grade  and  is  the  only 
type  of  ore  being  considered  at  present  in  plans  dealing  with  the  develop- 
ment of  the  Brazilian  iron  industry.  The  soft  powdery  ore  is  also  of  high 
grade,  but  on  account  of  its  consistency  it  is  at  present  considered 
undesirable.  The  laminated  ore  is  of  lower  grade  than  either  of  the 
other  types  of  bedded  ore.  However,  there  occur  in  different  parts  of 
the  district  enormous  deposits  of  this  ore  which  will  ultimately  be  of 
great  importance. 

Of  the  concentration  ores  the  canga  is  the  only  type  of  importance. 
While  the  canga  blanket  covers  many  square  kilometers,  its  grade  is 
such  that  it  cannot  be  considered  desirable  for  the  iron  industry  for  many 
years  to  come. 

Below  are  given  the  average  range  in  iron 'and  phosphorus  content  of 
the  principal  types  of  ore,  assuming  60  per  cent,  metallic  iron  as  the 
lower  limit  for  iron  ore.  These  figures  are  based  on  extensive  sampling, 
much  of  it  under  the  direction  of  the  writer. 


"  Leith,  C.  K.,  and  Harder,  E.  C. :  The  Hematite  Ores  of  Brazil  and  a  Comparison 
with  the  Hematite  Ores  of  Lake  Superior,  Economic  Geology^  vol.  vi,  No.7,  pp.  670  to 
686  (Oct.-Nov.,  1911). 

Harder,  E.  C:  The  Itabirite  Iron  Ores  of  Brazil,  EcoTiomic  Otology ,  vol.  ix,  No.  2, 
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Iron,  I  Phosphorus, 

Per  Cent.  Per  Cent. 


Hard  massive  ore 69  to  70  0.003  to  0.020 

Soft  powdery  ore 50  to  69 i  0.004  to  0.05 

Laminated  ore '  50  to  68  0.003  to  0.07 

Laminated  ore  (hydrated) 63  to  67  0.06   to  0.3 

Canga 50  to  65  0.1      to  0.3 


The  hard  massive  ore  is  hematite,  generally  dense  or  finely  specular, 
but  occasionally,  where  strongly  metamorphosed,  it  is  coarsely  crys- 
talline and  has  an  admixture  of  magnetite.  It  occurs  in  beds  varying 
up  to  more  than  450  ft.  in  thickness  and  to  more  than  two-thirds  of  a 
mile  in  length.  Hard  ore  rarely  contains  more  than  1  per  cent,  of  silica 
and  its  metallic  iron  content  is  remarkably  constant. 

The  soft  powdery  ore  is  specular  hematite  in  a  fine  friable  form, 
so  that  most  of  it  when  dried  crumbles  to  dust  which  will  pass  through  a 
100-mesh  screen.  Hard  ore  and  soft  ore  frequently  occur  intermixed 
with  each  other,  lenses  or  irregular  bunches  of  soft  ore  occurring  in  hard- 
ore  beds  or  irregular  masses  of  hard  ore  occurring  in  soft-ore  deposits. 
Soft-ore  deposits  are  in  general  much  smaller  and  more  irregular  than  hard- 
ore  deposits.  Both  occur  as  lenses  or  beds  interlayered  with  itabirite  or 
laminated  ore. 

Laminated  ore  consists  of  earthy  to  specular  hematite.  It  is  friable 
and  breaks  up  into  thin  plates  parallel  to  the  lamination.  It  is  also  quite 
porous,  allowing  free  circulation  of  ground  water,  on  account  of  which 
large  portions  of  these  deposits  are  hydrated,  especially  near  the  surface, 
and  consist  of  a  mixture  of  hematite  and  limonite.  Unhydrated,  lami- 
nated and  soft  powdery  ores  grade  from  almost  pure  iron  oxide,  with  little 
or  no  quartz  sand,  down  to  itabirite  with  more  than  30  per  cent,  sihca. 
The  line  between  itabirite  and  ore  in  these  cases  is  purely  artificial.  In 
the  hydrated  portions  of  the  laminated-ore  deposits  the  silica  has  gen- 
erally, in  large  part,  been  removed,  so  that,  although  somewhat  lowered 
in  grade  by  the  hydration,  its  silica  content  is  generally  small  and  the 
ore  is  fairly  constant  in  grade. 

Unhydrated  ores  of  various  types  and  even  itabirite  contain  a  very 
small  percentage  of  phosphorus.  It  appears  that  phosphorus  becomes 
concentrated  during  the  hydration,  either  being  brought  in  from  the 
outside  or  remaining  while  other  materials  are  being  removed.  Ore 
hydrated  to  beyond  2  per  cent,  combined  water  increases  rapidly  in  phos- 
phorus content.  The  hydrated  portions  of  laminated-ore  deposits  rarely 
go  to  a  greater  depth  than  50  or  75  ft.  except  along  occasional  more 
porous  layers. 
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Surface  weathering  has  but  little  effect  on  hard  ore  and  soft  powdery 
ore.  The  former  is  sometimes  slightly  hydrated  along  cracks,  for  a 
few  inches  from  the  surface,  while  the  latter  is  generally  altered  to  canga 
to  a  depth  of  10  to  15  ft.  and  below  this  somewhat  hydrated  for  an 
additional  4  or  5  ft.  The  laminated  ore  is  affected  to  a  greater  depth  by 
surface  agencies,  and  along  with  the  hydration  there  is  removal  of  silica. 
This,  however,  rarely  is  suflScient  to  make  an  ore  out  of  an  itabirite,  so 
that  but  a  small  percentage  of  this  material  can  be  classed  with  the  con- 
centration ores. 

Canga  consists  of  material  derived  by  weathering  from  the  iron 
formation.  The  canga  blanket  is  generally  thin  along  the  tops  of  the 
iron-formation  ridges  and  thick  on  the  lower  slopes,  due  to  material  being 
transported  down  the  slopes  and  deposited  near  the  base.  Where  iron- 
formation  hills  rise  above  the  bordering  schist  or  granite  areas  the  canga 
blanket  extends  out  over  these  areas.  The  best  grade  of  canga  occurs  on 
the  iron-formation  areas,  especially  where  ore  occurs  with  the  itabirite. 
Frequently  such  canga  is  made  up,  to  a  large  extent,  of  irregular  frag- 
ments of  ore  cemented  by  limonite  and  hydrated  hematite.  The  canga 
overlying  areas  of  other  rocks  is  of  lower  grade  than  that  overlying  iron- 
formation  areas,  containing  a  large  proportion  of  impurities  such  as  clay 
(perhaps  containing  bauxite,  etc.)  and  silica.  The  farther  away  from  the 
iron  formation  the  poorer  is  the  canga,  until  finally  it  becomes  merely  an 
ocherous  clay.  Over  and  close  to  iron-formation  areas  the  fragments  in 
the  canga  are  usually  angular,  farther  away  they  are  small  and  rounded  and 
finally  they  disappear.  Thus  there  is  every  gradation  of  canga,  from 
ferruginous  clay  to  iron  ore  with  65  per  cent,  metallic  iron. 

Of  the  other  classes  of  concentration  ores  the  only  ones  of  importance 
are  rubble  ores  and  leached  itabirite. 

Rubble-ore  deposits  occur  as  talus  under  extensive  outcrops  of  hard 
ore.  They  are  simply  masses  of  hard-ore  fragments  broken  off  from  the 
outcrops,  and  are  of  the  same  grade  as  the  bedded  hard  ore  from  which 
they  are  derived. 

Where  canga  overlies  compact  thin-bedded  itabirite  it  frequently 
retains  the  itabirite  texture  though  most  of  the  silica  is  removed.  This 
canga  in  situ,  exhibiting  original  textures,  is  rarely  more  than  a  few  feet 
in  thickness,  being  underlain  by  sandy  itabirite.     It  is  leached  itabirite. 

Stream  sand  and  gravel  consisting  of  hematite  occur  along  some  of  the 
streams  cutting  through  the  iron-formation  belts.  They  are  rarely  pure 
enough  to  be  called  ore. 

Leached  carbonate  is  an  earthy  material  consisting  of  hydrated  iron  or 
manganese  oxides,  or  a  mixture  of  the  two.  It  is  derived  from  the 
decomposition  of  impure  limestone  beds  occurring  in  the  upper  part  of 
the  iron  formation  and  in  the  lower  part  of  the  overlying  schiBt.  It  is 
seldom  rich  enough  in  iron  to  be  called  ore. 
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Transportation 

In  relation  to  such  enormous  quantities  of  high-grade  iron  ores  as  exist 
in  Brazil,  the  principal  problem  is,  of  course,  that  of  transportation.  For 
more  than  25  years  the  Central  of  Brazil  Ry.,  owned  and  operated  by  the 
Brazilian  government,  has  run  northward  from  Rio  de  Janeiro  through 
the  center  of  the  iron-ore  district.  At  the  present  time  it  continues  far 
to  the  north  to  Pirapora  on  Rio  Sao  Francisco,  from  which  point  it  is 
possible  to  travel  by  steamboat  and  railway  to  Bahia.  The  Central  of 
Brazil  is  a  broad-gauge  line  (1.6  m.)  from  Rio  de  Janeiro  as  far  as  Miguel 
Bumier  in  the  southern  part  of  the  iron-ore  district,  a  distance  of  about 
310  miles,  and  beyond  this  point  it  Continues  northward  with  a  narrow 
gauge  (1  m.).  From  this  point  also  a  branch  line  runs  eastward  to  Ouro 
Preto  and  Marianna  while  another  branch  line  runs  eastward  from 
Sahara  to  Caethe  and  Santa  Barbara,  both  in  the  iron-ore  district.  The 
lattier  branch  is  being  continued  to  Itabira  de  Matto  Dentro.  From 
General  Carneiro,  north  of  Sahara,  a  branch  line  runs  southwestward  to 
Bello  Horizonte,  the  capital  and  principal  city  in  Minas  Geraes.  A 
broad-gauge  line  is  now  being  constructed  from  Lafayette,  a  station  south 
of  the  iron-ore  district,  to  Bello  Horizonte  by  way  of  Rio  Paraopeba,  west 
of  the  iron-ore  district.  This  will  make  a  direct  broad-gauge  connection 
between  Rio  de  Janeiro  and  Bello  Horizonte. 

The  Leopoldina  Ry.  has  a  network  of  lines  in  the  southeastern 
part  of  Minas  Geraes  and  in  the  neighboring  States  of  Espirito  Santa  and 
Rio'de  Janeiro.  Saude,  the  terminus  of  one  of  its  northernmost  branches, 
lies  about  20  to  25  miles  east  of  the  eastern  border  of  the  iron-ore  district. 
The  Leopoldina  Ry.  has  a  gauge  of  1  m. 

The  West  of  Minas  Ry.  has  a  branch  line  of  1-m.  gauge  which  runs 
into  Bello  Horizonte  from  the  west.  The  main  line  of  this  road,  however, 
is  some  distance  west  of  the  iron-ore  district. 

The  Central  of  Brazil  Ry.  was  not  planned  as  an  ore-carrying  road. 
It  crosses  two  divides  between  the  iron-ore  district  and  Rio  de  Janeiro, 
one  south  of  Barbacena,  known  as  Serra  da  Mantiqueira,  and  the  other 
north  of  Rio  de  Janeiro,  known  as  Serra  dos  Orgaos.  Heavy  grades  and 
sharp  curves  abound  over  large  portions  of  the  line.  The  Brazilian 
government,  however,  has  taken  several  contracts  for  hauling  iron  ore 
over  this  road  to  Rio  de  Janeiro  from  points  in  the  western  part  of  the  iron- 
ore  district  at  the  rate  of  $1.50  per  ton.  Small  shipments  of  manganese 
ore  are  being  transported  over  the  road  at  the  present  time,  and  judging 
from  difficulties  encountered  in  this  traffic,  it  seems  probable  that  much 
reconstruction  will  be  necessary  before  this  railroad  can  handle  even  a 
small  fraction  of  the  iron  ores  which  must  ultimately  be  transported  from 
the  district. 

The  Leopoldina  Ry.  and  the  West  of  Minas  Ry.,  on  account  of  their 
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sharp  curves  and  prohibitive  grades,  are  not  likely  to  enter  into  the  ore- 
carrying  traffic. 

It  seems  probable,  therefore,  that  by  far  the  greater  part  of  the  ore  is 
destined  to  leave  the  district  by  another  route  than  those  mentioned,  viz., 
by  the  Victoria  to  Minas  Ry.,  which  leaves  the  sea  coast  at  Victoria  and 
runs  westward  up  the  Rio  Doce.  This  railroad,  which  is  now  under 
construction,  will  enter  the  iron-ore  district  from  the  northeast  and  will 
tap  first  those  deposits  which  are  now  farthest  from  lines  of  transporta- 
tion. The  distance  to  Victoria  from  the  eastern  part  of  the  iron-ore 
district  over  this  route  is  about  375  miles,  the  entire  distance  being  on  a 
down  grade  following  the  course  of  the  Rio  Doce.  About  275  miles  of 
the  line  has  been  constructed,  but  the  greater  part  of  this  will  probably 
need  reconstruction  since  it  was  not  originally  planned  to  make  this  an 
ore-carrying  road. 

In  connection  with  the  rapid  development  of  the  district  it  may  be  of 
interest  to  note  that  previous  to  1910  most  of  the  iron-ore  deposits 
were  in  the  hands  of  Brazilian  owners,  many  of  whom  were  descend- 
ants of  persons  to  whom  the  original  land  grants  were  given  more  than 
100  years  ago  for  purposes  of  gold  mining,  while  a  few  deposits  were 
owned  by  the  gold-mining  companies  operating  in  the  district. 

At  the  present  time  the  principal  deposits  in  the  eastern  part  of  the 
district,  that  is,  in  the  part  tributary  to  the  Victoria  to  Minas  Ry.,  are 
controlled  by  English,  French,  and  American  interests,  who  have  done 
extensive  exploration  and  development  work.  In  the  western  part  of  the 
district  some  deposits  are  in  the  hands  of  Brazilians,  as  are  also  a  few 
minor  deposits  in  the  eastern  part,  but  here  foreign  interests,  including 
the  German,  have  made  extensive  purchases  as  well  and  have  done 
much  development  work.  It  is  from  this  part  of  the  district  that  small 
shipments  of  ore  are  expected  to  be  made  in  1915  over  the  Central  of 
Brazil  Ry. 

Labor  and  Wages 

A  serious  difficulty  to  be  contended  with  in  extensive  mining  opera- 
tions in  Brazil,  is  that  of  labor.  The  wages  are  low,  ranging  from  about 
75c.  to  $1.25  per  day  for  ordinary  labor  and  about  twice  as  much  for 
skilled  labor,  but  the  difficulty  is  not  only  in  obtaining  laborers,  but  in 
keeping  them.  The  gold  mines  in  the  district  are  in  constant  difficulty  in 
this  respect,  and  unsuccessful  attempts  have  been  made  to  import  Span- 
ish labor,  while  recently  one  of  the  mining  companies  imported  a  number 
of  Japanese  laborers.  The  native  Brazilian  laborer  is  averse  to  working 
underground  and  prefers  agricultural  work  with  lower  wages  to  mining 
work.  As  the  iron-mining  operations  will,  however,  be  largely  of  the 
nature  of  quarrying,  there  should  be  less  difficulty  in  obtaining  and  re- 
taining laborers  than  is  experienced  in  the  gold  mines. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Pittaburg  meeting,  October,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impoaaible, 
thon  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
:<9th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  1,  1014.  Any  disousoion 
oflfered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Pittsburg  Coal  Field  in  Western  Pennsylvania 

BY  H.  A.  KUHN,  PITTSBURG,  PA. 
(Pittaburg  Meeting,  October,  1914) 

The  Pittsburg  coal  field  in  western  Pennsylvania  is  conceded  to  be 
the  most  important  in  the  world.  To  measure  its  importance  it  is 
necessary  to  understand  the  extent  of  its  service  in  the  various  industries 
of  the  country.  Probably  90  per  cent,  of  the  pig  iron  manufactured  in 
the  United  States  up  to  the  present  time  has  been  made  by  using  coke 
manufactured  from  the  Pittsburg  coal  seam  in  western  Pennsylvania. 
This  coal  field  is  the  foundation  on  which  the  city  of  Pittsburg  rests  and 
is  the  reason  for  the  great  growth  of  the  iron  industry  in  the  Pittsburg 
district.  Iron  ore  is  brought  to  this  district,  not  because  Pittsburg  is  a 
natural  location,  over  other  locations,  for  the  iron  and  steel  industry— as 
its  position  places  the  manufacturer  at  the  mercy  of  the  railroads — but 
the  ore  is  brought  1,100  miles  to  meet  the  fuel.  It  can  be  said  that  the 
illuminating-gas  industry  in  the  United  States  has  used  this  coal  ex- 
clusively to  the  same  extent  that  the  pig-iron  maker  has  used  it.  It  may 
be  also  said  that  20  to  25  per  cent,  of  the  fuel  used  on  railroads  in  the 
United  States  comes  from  this  coal  field.  The  Pittsburg  coal  field  is 
unquestionably  the  center  of  the  industrial  population  of  the  United 
States,  for  in  addition  to  the  industries  of  the  district  and  those  closely 
adjoining,  it  has  tributary  to  it  all  the  cities  and  industries  along  the 
Great  Lakes  and  practically  all  of  Canada  with  the  exception  of  the 
extreme  western  and  eastern  ends.  It  supplies  the  industries  and  popula- 
tion west  of  Duluth  and  Superior  many  hundreds  of  miles.  This  coal  is 
floated  down  the  Ohio  and  Mississippi  rivers,  supplying  the  towns  en 
rotUBy  and  is  deUvered  in  New  Orleans,  a  distance  of  2,200  miles,  for  ap- 
proximately 80  to  90  c.  per  ton  transportation  cost.  It  is  delivered  on 
the  docks  of  Superior  and  Duluth  at  a  cost  of  transportation  50  c.  a  ton 
less  than  the  cost  of  transporting  the  same  coal  from  Pittsburg  to  a  local 
consumer  in  Philadelphia.  With  other  Appalachian  coals  it  has  large 
markets  east  and  along  the  seaboard,  especially  for  byproduct-coke  making 
and  the  illuminating-gas  industry.  It  is  considered  the  premier  railroad 
fuel  of  the  world  on  account  of  the  fact  that  this  coal  in  a  given-sized 
locomotive  will  probably  haul  more  cars  than  any  other  coal  in  the 
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world.  Tests  made  at  Altoona  by  the  motive-power  department  of  the 
Peimsylvania  Railroad  Co.  show  that  Pittsburg  gas  coal  evaporates  as 
high  as  18.9  lb.  of  water  per  square  foot  of  heating  surface.  It  is  stated 
that  the  lower  volatile  coals,  with  a  theoretically  higher  heat  value  per 
pound  of  fuel,  do  not  evaporate  more  than  12  or  13  lb.  of  water  per  square 
foot  of  heating  surface.  For  this  reason  this  important  railroad  has 
adopted  this  coal  as  its  standard  fuel.  By  its  use  with  the  same  crew 
and  engine  a  maximum  number  of  cars  may  be  hauled. 

These  statements  explain  somewhat  the  reason  for  the  enormous 
production  of  coal  from  this  field  and  seam. 

The  production  of  coal  from  the  Pittsburg  seam  in  western  Pennsyl- 
vania in  1913  was  in  round  figures  approximately  100,000,000  tons;  in 
Ohio  from  the  same  seam  of  coal  approximately  20,000,000  tons;  in 
West  Virginia  10,000,000  tons,  making  a  total  tonnage  of  approximately 
130,000,000  out  of  a  total  production  of  470,000,000  tons  of  bituminous 
coal  produced  in  the  United  States  in  the  same  year.  Of  the  170,000,000 
tons  of  bituminous  coal  produced  in  Pennsylvania  approximately 
100,000,000  tons  comes  from  the  Pittsburg  seam.  Fayette  and  West- 
moreland counties  with  only  a  small  acreage  left  of  unmined  coal  are 
now  producing  approximately  60,000,000  tons  of  coal  annually;  Allegheny 
and  Washington  counties  produce  about  20,000,000  tons  each;  Greene 
county  has  only  recently  started  as  a  producer  of  coal  but  a  capacity  is 
now  established  in  this  county  which  is  upward  of  2,000,000  tons  a 
year^ 

The  geology  of  the  Pittsburg  coal  measure  is  so  well  understood  that 
it  is  not  worth  while  discussing  this  field  from  that  standpoint.  Some 
practical  features,  however,  which  relate  to  its  geology,  are  interesting. 
The  main  feature  of  this  seam  from  a  geological  standpoint  is  its  per- 
sistency and  integrity  over  the  area  which  it  covers.  Whether  the  coal 
has  been  opened  or  not,  those  who  are  familiar  with  the  coal  in  each  zone 
or  subdistrict  (and  the  slow  but  uniform  change  from  one  basin  to  the 
next)  can  state  unreservedly  how  thick  the  coal  is,  how  much  sulphur  it 
will  probably  contain  within  a  small  percentage  and  about  how  many 
tons  per  acre  may  be  recovered.  Thousands  of  miles  of  entries  have 
been  driven  through  this  coal  field  in  mining  operations  of  the  district 
and  thousands  of  oil  wells  and  gas  wells  have  been  drilled  through  it 
where  it  is  not  being  mined.  Several  facts  touching  the  deposit  of  this 
coal  seam  are  worth  mentioning.  It  is  evident  from  an  inspection  of  the 
geological  maps  of  Pennsylvania,  Maryland,  and  West  Virginia  that  the 
plant  life  which  formed  this  field  of  coal  was  extremely  luxuriant,  increas- 
ing in  depth  or  density  toward  the  east,  and  that  the  purest  part  and 
largest  part  of  this  coal  field  has  been  lost  through  erosion.  This  seam  in 
Georges  Creek  field  near  Cumberland,  Md.,  measures  as  much  as  16  ft.; 
in  its  western  outcrop  in  Ohio  about  3^  to  4  ft.;  in  the  northwestern  end 
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of  Allegheny  county  in  western  Pennsylvania  near  the  State  line  about 
4J  ft,  of  the  main  or  working  bench  of  coal  and  2i  to  3  ft.  of  roof  coal 
measures,  the  working  bed  being  separated  from  the  roof  measures  by 
what  is  known  as  the  "draw  slate"  of  the  district,  which  averages  from 
8  to  14  in.  In  the  ConneUsville  field  the  coal  at  places  attains  a  thickness 
of  8  ft.  and  on  the  southern  boundary  of  Greene  county  near  the  Monon- 
gahela  river  it  measures  9  to  10  ft.  in  thickness.  In  the  southern  ex- 
tension of  this  seam  in  West  Virginia  the  roof  coal  and  main  or  working 
bed  of  the  Pittsburg  district  become  practically  one  solid  bench  of  coal 
with  only  thin  laminations  of  slate  marking  the  divisions  which  are  so 
noticeable  in  the  northern  part  of  the  field.  It  may  be  said  from  an 
inspection  of  the  geological  map  and  from  a  knowledge  of  the  quality 
of  the  coal  that  the  plant  growth  that  formed  this  coal  was  much  more 
luxuriant  in  the  eastern  end  and  that  the  coal  was  deposited  with  less 
impurities  and  under  quieter  conditions.  The  coal  thins  going  west,  but 
the  extreme  purity  of  the  coal  extends  westward  to  the  Pinhook  anti- 
clinal running  southwest  from  Pittsburg  through  Allegheny  and  Washing- 
ton counties;  and  west  of  the  Pinhook  anticlinal  the  change  is  gradual, 
the  coal  becoming  more  impure,  higher  in  ash  and  sulphur  with  the 
distance  westward,  and  the  working  bed  or  bench  becomes  thinner.  The 
coal  containing  the  least  impurities  from  this  seam  in  the  Pittsburg 
district  is  mined  from  what  is  known  as  the  "Gas  Coal  Basin,"  which  lies 
between  the  Pinhook  anticlinal  and  the  Murraysville  anticlinal  on  the 
west  and  the  Waynesburg  and  Saltsburg  anticlinal  on  the  east.  The 
working  bed  of  coal  in  this  basin  averages  about  6  ft.  thick.  Above  this 
bed  and  separated  from  it  by  the  draw  slate,  2  to  4  ft.  of  roof  coal  is 
deposited.  The  main  working  bed  in  this  basin  is  prepared  for  market 
containing  about  6  per  cent,  non-combustible  matter,  and  in  some 
cases  less  than  this,  and  the  average  coal  contains  not  over  1  per  cent, 
sulphur.  Coal  in  the  ConneUsville  basin  is  equally  pure,  but  on  account 
of  the  fact  that  more  of  the  seam  is  mined  in  this  field  the  ash  is  usually 
higher  than  in  the  coal  produced  in  the  gas-coal  field,  the  sulphur  being 
about  the  same.  In  recent  years  it  has  been  discovered  that  the  lower  or 
southwestern  portion  of  the  gas-coal  zone  makes  a  standard  coke,  the 
difference  between  it  and  the  ConneUsville  coke  being  that  the  coal  in  this 
basin  on  account  of  its  hardness  has  to  be  crushed  before  it  is  put  into  the 
coke  ovens,  or  when  not  crushed  only  the  slack  coal  is  used.  This  hard- 
ness of  the  coal  in  the  southwestern  portion  of  the  gas-coal  basin,  how- 
ever, is  an  advantage  on  account  of  the  fact  that  the  lump  coal  from  the 
gas-coal  basin  is  sold  at  the  mine  for  shipment  at  a  normal  price  of  SI. 40 
per  ton,  which  is  equivalent  to  coke  (including  its  cost  of  manufacture 
based  on  beehive  oven  practice)  at  $2.60  per  ton  at  the  ovens. 

The  Pittsburg  coal  field  in  western  Pennsylvania  west  of  the  Monon- 
gahela  river  and  within  the  State  lines  comprises  about  860,000  acres  of 
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unmined  coal  today.  In  order  to  understand  the  available  tonnage  per 
acre  in  this  field  of  coal  and  the  values  in  various  parts  of  the  coal  field 
it  is  necessary  to  subdivide  it  into  zones  of  quality  and  thickness;  and  in 
order  to  understand  the  value  from  all  standpoints  it  is  necessary  to 
further  subdivide  it  into  zones  of  thickness^  zones  of  quality,  zones  of  cose 
with  reference  to  the  cost  of  mining  and  of  transportation.  The  thick- 
ness of  the  various  parts  of  the  field  determines  the  available  tons  per 
acre  which  in  turn  becomes  a  factor  in  the  valuation  of  the  land.  To 
measure  the  value  of  the  land  of  the  different  subdivisions  or  zones,  all  of 
the  factors,  quality,  tons  of  recoverable  coal  to  the  acre,  the  cost  of 
mining  and  the  cost  of  transportation  to  market,  must  be  considered. 

The  author  in  considering  this  coal  field  finds  it  more  interesting  from 
the  utilitarian  point  of  view,  for  after  all  that  is  the  true  test  of  all  fuel 
resources.  Its  past  and  present  service  to  the  industries  of  the  country, 
the  future  uses  to  which  it  may  be  put,  its  conservation,  its  probable  life, 
now  susceptible  of  definite  measurement,  are  the  principal  factors  which 
give  interest  to  its  consideration.  The  value  and  virtue  of  the  different 
subdistricts  unfold  from  a  study  of  them  under  these  subjects.  Another 
practical  feature  that  today  attracts  attention  to  this  or  any  other  coal 
field  is  the  railroad  tariffs  for  the  transportation  of  the  product,  which  will 
from  the  present  time  be  adjusted  by  the  Interstate  Commerce  Commission 
from  the  standpoint  of  cost  and  service  of  the  railroads,  the  welfare  of  the 
public  being  properly  considered. 

To  measure  the  life  of  this  coal  field  is  an  easy  matter.  In  the 
Connellsville  basin,  the  Lower  Connellsville  or  Klondike  basin,  and  other 
areas  of  coal  east  of  the  Monongahela  river  there  are  approximately 
100,000  acres  of  the  Pittsburg  seam  available  and  unmined  at  this  time. 
In  1912,  I  determined  the  unmined  acreage  of  coal  in  the  Connellsville 
basin  and  also  the  Lower  Connellsville  basin  and  the  ovens  attached  to 
the  lande  by  copying' from  the  assessors'  books  in  each  township  of  these 
two  fields  the  sworn  statements  of  the  various  owners  of  the  coal  lands 
and  coke  plants.  From  these  sworn  statements  I  made  the  following 
summaries: 

Connellsville  Field.     Ovens  and  Acreage  in  1912 

Number  of  Ovens 


Tax  List 

Connellsville  Courier 

Acres 

22,985 
12,784 

20,361 
12,377 

32,461 
33,029 

35,769 

32,738 

65,490 

Old  Basin..- 

Klondike 

Total 
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Connellsville  Field.    Ovens  going  Out  of  Blast  Due  to  Exhausted 

Coal  Acreage 

i         ""'  I" 

I        Old  Basin  Klondike         I  Total   ' 


In  next    3  years 6,393                       1,310  6,703 

In  next    5  years 7,097  1             2,062  9,139 

In  next  10  years '  11,940  ,             3,814  15,744 

In  next  15  years I  14,529  1             5,270  19,789 

In  next  17  years 17,491                       6,130  \  23,621 

After  17  years  there  will  be,  of  all  ovens  shown,  5,494  ovens  in  the 
Old  Basin  with  5,881  acres  of  coal  left,  with  an  average  life  of  over  9 
years;  and  6,654  ovens  in  the  Klondike  with  9,501  acres  of  coal  left  with 
an  average  life  of  over  13  years. 

Connellsville  Field.    Ovens  going  Out  of  Blast  Due  to  Exhausted  Acreage 
(Eliminating  the  H.  C.  Frick  Coke  Co.) 

Merchants  Ovens 

Old  Basin  Klondike         '  Total 

t 

!  '  ~| 

In  next    3  years 2,575  '             1,310  I  3,885 

In  next    5  years i  3,135  i             2,052  j  5,187 

In  next  10  years i  4,691  3,814  8,505 

In  next  15  years 6,455  4,760  i  11,215 

After  15  years  there  will  be  of  the  present  oven  plants  shown  1,039 
ovens  in  the  Old  Basin,  with  1,653  acres  of  coal  left,  with  an  average  life 
of  over  14  years;  and  3,842  ovens  in  the  Klondike  with  6,781  acres 
of  coal  left,  with  an  average  life  of  over  13  years. 

Number  and  Life  of  Ovens  of  H.  C.  Frick  Coke  Co.  in  Connellsville  Field 

I  '     -   ■  -—  ■■  ] 

I  Number  of  Ovens 


Tax  List 


1       Average 
1  I  Life, 

Comiellsville   \         ^^^^  years 


Courier 


I 


Old  Basin I         15,491  14,199        !         23,896        |  14+ 

Klondike...    '  4,182  3,664        i         14,271  31  + 


In  addition  to  the  above  the  Frick  Coke  Co.  has  2,935  acres  in  Redstone 
township,  1,043  acres  in  Menallen  township  and  4,423  acres  inJtuzerne 
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township  on  which  there  are  apparently  no  ovens.  This  coal  together 
with  considerable  acreage  in  adjoining  townships  will  probably  be 
shipped  to  byproduct  ovens,  making  the  total  life  of  the  Steel  Corpora- 
tion's coal  lands  in  the  Klondike  district  approximately  20  to  25  years, 
assuming  that  they  draw  on  these  lands  to  make  up  the  decline  in  the 
Old  Basin. 

It  is  clear  from  this  accurate  information  that  the  original  coking 
coal  fields  of  western  Pennsylvania  comprising  these  two  basins  of  Pitts- 
burg coal  seam,  which  were  thought  to  be  inexhaustible  a  few  years  ago, 
have  only  a  short  life.  More  astounding  than  this,  however,  is  the  short 
life  of  what  is  known  as  the  Youghiogheny  or  Westmoreland  gas  coal, 
which  comprises  the  coal  in  the  gas-coal  basin  extending  from  Irwin  on 
the  main  line  of  the  Pennsylvania  Railroad,  east  of  Pittsburg,  in  a  south- 
west direction,  crossing  the  Youghiogheny  and  Monongahela  rivers  and 
extending  into  the  northern  end  of  Greene  county.  The  coal  from  this 
basin  has  supplied  probably  90  per  cent,  of  the  coal-gas  illuminating 
plants  in  the  United  States  up  to  the  present  time.  With  the  disuse  of 
oil  in  gas  making,  steel  heating  and  melting  and  in  many  other  industries, 
the  demand  for  this  grade  of  coal  will  probably  double  within  the  next 
five  years.  Including  the  Westmoreland  field  and  extending  into  the 
northern  end  of  Greene  county  there  is  unmined  and  available  in  this 
basin  approximately  150,000  acres.  On  account  of  the  fact  that  the 
southwestern  portion  of  this  basin  makes  a  standard  low-sulphur  coke, 
various  steel  corporations  have  purchased  large  bodies  of  this  land  and 
there  is  now  only  available  for  the  open  market  the  product  from  about 
70,000  acres  of  this  coal.  The  short  life  of  the  anthracite  field  is  usually 
commented  upon,  but  it  can  be  stated  that  the  commercial  coal  in  this 
particular  field  and  grade  of  coal  will  be  exhausted  in  one-seventh  of  the 
time  necessary  for  the  exhaustion  of  the  anthracite  coal,  assuming  that 
the  peak  of  production  in  the  anthracite  field  has  been  reached.  The 
basin  of  coal  lying  west  and  northwest  of  this  basin  between  the  Pinhook 
and  Washington  anticlinals  will  be  called  upon  to  supply  the  gas  coal 
from  the  Pittsburg  district  when  the  gas-coal  basin  proper  has  been 
exhausted.  In  this  discussion,  however,  all  lands  west  of  the  Pinhook  and 
Murraysville  anticlinals  are  included  under  the  name  of  "Panhandle" 
coal. 

Fig.  1  shows  the  number  of  acres  unmined  in  each  subdistrict,  the 
number  of  tons  of  recoverable  coal  per  acre  based  on  the  past  practice 
of  the  district  in  mining,  and  the  divisions  of  quality  in  the  district. 
Fig.  2  shows  the  divisions  in  the  cost  of  mining  and  the  freight-rate  divi- 
sions, all  of  which  go  toward  making  the  values  of  the  various  lands  of 
the  district.  Fig.  3  shows  the  estimated  life  of  the  various  divisions 
of  the  Pittsburg  coal  field.  The  coking-coal  lands  are  divided  into  those 
available  and  unmined  containing  1  per  cent,  sulphur  and  under.    This 
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includes  the  Connellsville  basin,  the  greater  part  of  the  Klondike  field 
and  the  eastern  portion  of  Washington  county  east  of  the  Pinhook  anti- 
clinal and  southwest  of  Monongahela  City,  and  the  field  in  the  north- 
eastern portion  of  Greene  county.  The  coking  coal  higher  than  1  per 
cent,  in  sulphur  and  which  must  be  washed  in  order  to  make  standard 
coke  includes  the  upper  portion  of  the  Connellsville  basin,  the  southern 
portion  of  the  Klondike  field  and  the  southeastern  portion  of  Greene 
county.    The  extreme  thickness  of  the  coal  and  large  recovery  of  coal 


Fig.  1. — Showing  Number  of  Acbes  Unmined  and"* Number  of  Tons  of  Re- 
coverable Coal  per  Acre.     Also  Divisions  of  Quality. 


to  the  acre  in  the  southeastern  portion  of  Greene  county  and  the  low 
mining  cost  offset  the  cost  of  washing. 

In  calculating  the  life  of  the  various  fields  of  coking  coal,  the  pig-iron 
production  tributary  to  this  field  of  coal  up  to  October,  1912,  as  given  by 
the  Iron  Age,  with  a  forecast  showing  the  normal  increase,  is  used  as  a 
basis.  It  is  also  assumed  that  the  new  fields  will  replace  the  declining 
production  of  the  Connellsville  basin  and  will  also  take  on  the  burden 
of  the  increased  consumption  due  to  increased  production  of  pig  iron 
geographically  tributary  to  these  coal  fields. 

The  average  flat  rate  of  increase  of  pig-iron  production,  ha^ed  on 
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figures  for  1900  to  1910,  was  approximately  1,171,334  tons.  For  the 
next  10  years  1,400,000  tons  may  be  assumed  as  the  average  flat  rate  of 
annual  increase.  The  productions  from  1912  to  1920  would,  therefore, 
be  as  shown  below.  This  forecast  allows  little  for  increase  in  population 
or  increased  use  of  iron  per  capita. 


•TATC  una. 


JD  AbffChionlador 


Fia.  2. — DnrisiONS  in  Cost  of  Mining  and  Freight  Rates. 


Average  Pig  Iron 

Coke  Required  1.56  Tons 

Production 

1 

Coke  to  1  Ton  Pig  Iron 

Year 

Tons 

Tons 

1912 

29,115,000 

45,419,000 

1913 

30,515,000 

47,603,000 

1914 

31,915,000 

49,787,000 

1915 

33,315,000 

51,971,000 

1916 

34,715,000 

54,155,000 

1917 

36,115,000 

56,339,000 

1918 

37,515,000 

58,523,000 

1919 

38,915,000 

60,707,000 

1920 

40,315,000 

62,891,000 
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This  following  statement  shows:  1.  That  75  to  80  per  cent,  of  all  the 
iron  production  of  the  United  States  is  located  tributary  to  the  coking 
coal  of  the  Pittsburg  district. 

2.  The  quantity  of  coke  required  by  the  different  iron-producing  dis- 
tricts. This  is  arrived  at  by  taking  the  pig-iron  production  of  the  United 
States  for  the  last  five  years  and  the  coke  production  for  a  like  period. 
The  pig-iron  production  of  the  United  States  from  1907  to  1911,  inclusive, 
was  117,445,261  tons,  and  the  coke  production  from  1907  to  1911, 
inclusive,  was  183,388,466  tons.  Coke  required  (for  blast  furnaces, 
foundries,  smelters,  and  gas  production)  in  terms  of  1  ton  of  pig-iron 
production  equals  1.564-  tons  of  coke  production. 


District 


No.  of 
Stacks 


Month  of  October, 
1912.    Pig-iron    ' 
Production,  Tons 


Coke  Required, 
Tons 


Buffalo,  New  York 16 

Rest  of  New  York 2 

Pittsburg  district 51 

Eastern  Pennsylvania  (small  stacks )  35 

Western  Pennsylvania 18 

Shenango  valley  (Penn.) 16 

Mahoning  (Penn.) '  20 

Central  and  Northern  Ohio 21 

Wheeling  district  (Ohio  and  W.  Va.)  10 

Chicago  district  (Mich.,  Wis.  and 

Minn.) 38 

Southern  Ohio 9 

New  Jersey 1 

Southern  States 41 

Western  States 3 


189- 


38- 


54 


179,726 

621,813 
227,106 
157,027 
143,115 
256,711 
237,506 
118,037 


1,941,041 


442,091 


280,372 

970,028 
354,285 
244,962 
223,259 
400,469 
370,509 
184,137 


3,028,012 


442,0911- 


689,661 


38,419 

i   59,933 

5,370 

8,377 

239,686 

,  373,910 

23,326 

36,390 

281 


306,801- 
2,689,933 


689,661 


478,610 
4,196,292 


This  analysis  shows  that  the  net  demand  on  the  Pittsburg  district 
by  the  different  iron-producing  districts,  is  approximately  35,000,000 
tons  of  coke  per  year.  This  figure  is  arrived  at  by  taking  the  iron  pro- 
duction for  October,  1912,  of  the  States  of  Pennsylvania,  New  York,  and 
Northern  Ohio,  with  one-half  that  of  the  Chicago  and  the  northern 
Lake  district.  These  requirements  show  an  annual  demand  for  40,485,- 
212  tons  of  coke,  from  which  must  be  subtracted  4,136,000  tons  of  coke 
manufactured  in  by-product  coke  ovens  in  Pennsylvania,  New  York, 
and  Ohio,  and  also  subtracting  1,000,000  tons  of  hard  coal  used  in  iron 
smelting  in  Eastern  Pennsylvania. 
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Using  the  foregoing  forecast  as  a  basis  and  assuming  that  the  same 
percentage  of  pig-iron  production  tributary  to  the  Pittsburg  coal  field 
will  be  maintained  out  of  the  whole  production  of  the  country,  the  life 
of  the  various  subdistricts  of  coking  coal  may  be  stated  approximately 
as'  follows:  Connellsville  basin,  15  years;  Lower  Connellsville  or  Klon- 
dike, 20  years;  eastern  Washington  county,  25  years,  it  being  assumed 
that  one-half  of  this  coal  will  be  used  for  smelting  iron  ore  and  the  other 
half  used  for  gas  making,  steel  melting  and  other  purposes;  175,000  acres 
in  eastern  Greene  county,  40  years. 

^^  Merging  all  the  acreage  together  the  life  of  the  coking  coal  in  the 
Pittsburg  district  based  on  a  normal  increase  in  the  use  of  this  coal  in  the 


Fig.  3. — ^Ebtimatbd  Life  of  Various  Divisions  of  Pittsburg  Coal  Field. 

iron  and  steel  industry  and  as  a  domestic  fuel  to  replace  hard  coal  will  be 
approximately  40  years.  It  may  be  assumed  that  the  present  type  of 
ovens  will  be  largely  replaced  by  byproduct  oven  plants  on  the  field  and  at 
the  point  of  manufacture. 

The  conditions  governing  the  value  of  the  Pittsburg  coal  field  both  by 
the  ton  and  by  the  acre  may  be  stated  as  follows: 

The  Pittsburg  coal  field  has  been  so  largely  operated  and  the  coals 
from  the  different  subdistricts  tested  that  it  is  not  only  possible  to 
determine  approximately  the  number  of  tons  of  recoverable  coal  per 
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acre  but  it  is  possible  to  determine  the  value  of  the  land  based  on  the 
number  of  heat  units  delivered  per  pound  of  coal.  The  pure  gas  coal  in 
the  gas-coal  basin  as  compared  with  the  average  Panhandle  coal  as  a 
steam-generating  fuel  (the  noncombustible  matter  including  ash,  sulphur 
and  water)  may  be  stated  as  follows:  The  purest  gas  coal  is  prepared  for 
market  with  about  94  per  cent,  combustible  matter  and  6  per  cent, 
noncombustible  matter,  the  Panhandle  coal  is  prepared  for  market  with 
an  average  of  90  per  cent,  combustible  matter  and  10  per  cent,  non- 
combustible matter,  the  average  difference  being  4  per  cent.  The  average 
delivered  cost  of  a  ton  of  Pittsburg  coal  as  it  is  now  delivered  to  consumers, 
including  freight  rates,  approximates  $2.50  per  ton.  (The  lowest  de- 
livered cost  in  the  Pittsburg  district  is  about  $1.50  per  ton.  Coal  shipped 
by  way  of  the  Great  Lakes  and  into  Canada  and  the  West  is  delivered  to 
the  consumer  at  from  $3.50  to  $4.50  per  ton,  the  average,  giving  due 
weight  to  the  tonnage,  is  approximately  $2.50  per  ton.)  A  difference  of 
4  per  cent,  in  heat  value  on  a  basis  of  $2.50  delivered  cost  per  ton  shows  a 
difference  in  delivered  money  value  of  10  c.  per  ton  in  favor  of  gas  coal, 
and  reduced  to  an  acreage  basis  for  gas  coal  amounts  to  an  excess  value  of 
between  $800  and  $900  an  acre.  As  has  been  stated  before,  the  gas  coal 
merges  gradually  from  the  Pinhook  anticlinal  westward  into  Panhandle 
coal  and  there  are  points  and  locations  immediately  west  of  the  gas-coal 
basin  where  the  difference  in  value  of  heat  units  per  pound  of  coal 
delivered  would  be  much  less  than  the  average  difference. 

The  value  of  the  coal  in  the  Pittsburg  "district  based  on  quality  as 
applied  to  any  special  industry  may  be  reduced  to  a  value  per  acre  of 
land.  It  has  been  stated  by  managers  of  illuminating-gas  plants  that 
the  Pittsburg  gas-coal  product  has  an  ultimate  excess  value  of  25  to  30  c. 
per  ton  of  coal  over  gas  coals  from  other  districts.  The  coking  coal  of 
the  Pittsburg  seam  in  western  Pennsylvania,  based  on  physical  and 
chemical  properties  and  geographical  location  and  freight  rates,  is  given 
possession  of  approximately  80  per  cent,  of  the  coke  demand  of  the  United 
States  and  Canada.  Judge  Gary,  of  the  United  States  Steel  Corpora- 
tion, is  credited  with  a  public  statement  placing  $2,000  an  acre  as 
the  value  of  coking  coal  from  the  Pittsburg  seam  in  western  Pennsyl- 
vania. This  checks  up  with  a  statement  made  to  me  by  one  of  the  Pig 
Iron  Committee  of  a  large  steel  corporation  that  a  coke  with  the  best 
physical  structure  containing  1  per  cent,  or  less  of  sulphur  is  worth  about 
30  c.  a  ton  more  in  the  manufacture  of  pig  iron  as  compared  with  higher 
sulphur  coke,  as  additional  coke  and  flux  must  be  placed  in  the  furnace 
in  order  to  remove  the  surplus  sulphur. 

The  geographical  value  of  the  Pittsburg  coking  coal  based  on  freight 
rates  to  distant  markets  has  not  been  fully  grasped  either  by  the  steel 
companies  or  the  public.  For  byproduct-coke  making  or  gas  making 
along  the  Great  Lakes,  at  any  point,  it  is  possible  to  ship  low-sulphur 
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Pittsburg  coking  coal  to  the  lake  front  for  a  delivered  freight  cost  plaeetl 
on  board  vessel  of  83  c.  a  ton,  the  vessel  rate  from  Lake  Erie  ports  to  any 
point  on  the  Great  Lakes  ranges  from  25  to  35  c.  a  ton,  making  a  tot-al 
freight  rate  to  Lake  Superior  points  of  |L13  and  to  Lake  Michigan  points 
$1.18  per  ton.  The  minimum  railroad  freight  rate  on  coal  from  West 
Virginia  and  Kentucky  to  Chicago  or  Lake  Michigan  points  is  $1.90  per 
ton.  A  freight  rate  from  southern  Illinois  based  on  about  3  mills  per  ton- 
mile  would-be  $1.05  per  ton  to  Gary,  Lid.  Coal  shipped  from  the 
Pittsburg  coal  field  via  lake  to  Lake  Michigan  points  therefore  shuts  out 
all  West  Virginia  and  Kentucky  coals  by  rail  and  can  be  put  into  the 
storage  yard  at  the  byproduct  coke  oven  plant  in  the  Chicago  district 
along  the  lake  front  (based  on  available  carbon  per  unit  of  pig  iron 
produced)  at  about  an  equal  cost  with  southern  Illinois  coal.  Southern 
Illinois  coal,  such  as  Franklin  County  coal,  according  to  a  paper  on 
Illinois  coals,  ^  contains  from  18  to  21  per  cent,  nonccmibustible  matter  as 
against  6  to  7  per  cent,  noncombustible  matter  in  Pittsburg  byproduct 
coal.  I  believe  that  recent  developments  in  southern  Illinois  indicate 
that  these  analyses  of  southern  Illinois  coals  are  too  high  in  noncom- 
bustible matter,  but  taking  this  coal  as  now  produced  in  the  railroad  car, 
16  per  cent,  may  be  assumed  as  noncombustible  matter,  divided  ap- 
proximately into  9  per  cent,  ash  and  7  per  cent,  water,  or  10  per  cent, 
ash  and  6  per  cent,  water.  There  would,  of  course,  be  certain  losses  in 
heat  units  in  the  coking  of  southern  Illinois  coal  on  account  of  the  water 
that  could  not  be  charged* to  Pittsburg  coal,  and  excess  sulphur  in 
Illinois  coal  would  also  reduce  the  amount  of  available  carbon  per 
unit  in  the  blast  furnace.  The  foregoing  facts  when  taken  in  connection 
with  the  superior  coking  qualities  of  Pittsburg  coking  coal  would  indicate 
that  southern  Illinois  coal  for  byproduct  use  in  the  Chicago  district  would 
not  be  as  cheap  ultimately  as  Pittsburg  coal  shipped  there  by  lake,  based 
on  equal  cost  of  coal  at  the  mines.  A  careful  study  of  the  situation 
indicates  also  that  the  pig-iron  furnaces  bordering  on  the  Great  Lakes, 
almost  all  the  furnaces  in  northern  and  central  Ohio,  western  Pennsyl- 
vania, furnaces  in  New  York  State,  a  large  percentage  of  the  furnaces  in 
eastern  Pennsylvania,  and  the  furnaces  in  Canada  will  draw  their  fuel 
supply  from  the  Pittsburg  coal  field;  as  that  industry  increases  in  volume, 
the  coal  production  will  have  to  increase  in  the  Pittsburg  coking--coal  field 
and  the  life  of  the  field  will  be  shortened  accordingly. 

Another  factor  that  governs  the  value  and  life  of  the  subdistricts  in 
the  Pittsburg  coal  field  is  involved  in  the  cost  of  mining  (see  Fig.  2). 
The  wage  scale  divides  the  field  into  two  districts  (known  locally  as  the 
thin-  and  thick- vein  mining-scale  districts),  the  dividing  line  running 
from  Port  Royal  on  the  Youghiogheny  river  west  through  Lock  4  on  the 
Monongahela  river,  and  extending  still  farther  west  through  a  point 
J  Trans,  xl,  4,  et  seq.  (1909). 
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north  of  Bentleyville,  Washington  county.  The  coal  north  of  this 
line  has  the  thin-vein  wage  scale,  which  reduced  on  the  face  of  the  scale 
to  a  run-of-mine  basis  amounts  to  about  7  c.  per  ton  excess  cost  for  cut'ting 
and  loading,  as  compared  with  coal  south  of  this  line.  This,  however,  is 
not  a  true  measure  of  the  cost  of  mining  coal  in  this  district,  as  natural 
conditions  in  various  parts  of  the  field  modify  the  cost  of  the  coal  as  it  is 
finally  loaded  for  market. 

The  Pittsburgh  Coal  Co.  made  sworn  statements  before  the  Interstate 
Commerce  Commission  at  Washington  on  the  cost  of  mining  18,000,000 
tons  of  coal  from  Apr.  1,  1910,  to  Aug.  31,  1911,  as  follows: 


„    J     ..  Average  Cost  Mine  Run  Coal. 

Production,         ,^  *    •     i  j     •  x 

^  ,  (Docs   not   include   interest   or 


Tons 


dividends) 


Panhandle  coal 8,174,880  $1 .0434 

Gas  coal 5,070,600  0.9686 

Thick-vein  coal  (coal  south  of  5,052,887  0.9283 
wage-scale  line). 


This  statement,  on  account  of  the  fact  that  the  tonnage  is  extremely 
large  and  covers  a  long  period  of  time,  and  the  further  fact  that  the  same 
accounting  system  was  applied  to  the  whole  tonnage,  and  in  like  manner 
to  each  district,  makes  it  an  accurate  measure  of  the  cost  of  mining 
Pittsburg  coal  in  the  various  subdistricts  of  the  field,  and  for  purposes  of 
current  operation  places  an  accurate  value  on  the  land  in  the  different 
districts.  From  the  standpoint  of  cost  it  will  be  seen  that  the  gas  coal 
marked  area  B  in  Fig.  2  was  produced  on  board  railroad  cars  for  prac- 
tically 7i  c.  per  ton  less  than  Panhandle  coal.  Reduced  to  an  acreage 
basis  this  indicates  that  for  current  operating  purposes  gas  coal  costs 
S600  to  $700  an  acre  less  to  mine  than  Panhandle  coal.  As  a  steam-gener- 
ating fuel  it  has  been  noted  before  that  it  is  actually  worth,  at  a  delivered 
cost  price  of  $2.50  a  ton,  10  c.  per  ton  more  to  the  consumer,  which  makes 
its  excess  value  above  that  of  the  average  Panhandle  coal  about  $1,400  an 
acre,  assuming  that  the  consumer  is  willing  to  pay  for  the  coal  based  on 
the  heat  units  delivered.  The -thick-vein  coal  was  mined  for  11^  c.  a  ton 
less  than  the  Panhandle  coal,  or  when  reduced  to  an  acreage  basis  was 
mined  for  $1,000  an  acre  less  than  Panhandle  coal.  As  a  large  part  of  ths 
thick-vein  coal  comes  under  the  head  of  coking  coal  and  gas  coal,  ite 
value,  based  on  delivered  results,  is  almost  equal  to  the  value  placed  on 
coking  coal  by  Judge  Gary,  as  compared  with  average  Panhandle  coal, 
assuming  the  average  Panhandle  coal  value  at  $200  to  $300  per  acre. 

Another  light  may  be  thrown  on  the  value  of  Pittsburg  coal  lands  by 
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the  sworn  testimony  of  the  Pittsburgh  Coal  Co.  before  the  Interstate 
Commerce  Commission  involving  the  same  period  of  time,  by  combining 
the  foregoing  statement  with  Comptroller  Hornberger's  Exhibit  No.  5. 
Exhibit  No.  5  gives  an  average  market  value  of  all  grades  of  coal  at  the 
mine  for  lake  shipment  during  1910  of  $1.0708  for  run-of-mine  coal. 
For  purposes  of  calculation  it  may  be  assumed  that  all  three  grades  of 
coal  were  sold  at  the  same  price^  and  based  on  this  assumption,  the 
8,174,800  tons  of  Panhandle  coal  earned  the  Pittsburgh  Coal  Co.  $224,000, 
the  10,123,487  tons  of  gas  coal  and  thick-vein  gas  and  coking  coals 
earned  this  company  approximately  $1,338,000,  provided  the  low-grade 
Panhandle  coal  was  sold  at  equal  prices  with  the  higher-quality  coal, 
otherwise  all  the  profits  must  have  been  made  out  of  gas  coal  and  the 
adjoining  thick- vein  gas  and  coking  coal. 

With  all  these  accurate  data  in  hand  it  is  very  easy  to  place  values 
on  the  different  subdistricts  of  the  Pittsburg  coal  field  when  measured 
by  governing  conditions  within  the  district  itself.  When  compared  with 
other  coal  fields  and  districts  in  West  Virginia  and  Kentucky  it  is  found 
that  the  excess  freight  rate  now  charged  on  coal  from  the  Fairmont 
district  in  West  Virginia  in  the  same  seam  of  coal  to  the  lake  front  is 
12  c.  per  ton.  As  compared  with  Kanawha  coals,  southern  West  Virginia 
and  Kentucky  coals,  the  excess  freight  rate  to  the  lake  front  paid  by 
these  coals  amounts  to  19  c.  per  ton  and  upward.  As  compared  with 
all-rail  shipments  as  far  west  as  Chicago  the  freight  rate  on  West  Virginia 
and  Kentucky  coals  lying  nearest  to  Chicago  is  the  same  as  the  Pitts- 
burg rate,  but  by  way  of  the  lake  the  Pittsburg  field  has  an  advantage  of 
12  to  19  c.  per  ton  over  these  coals  together  with  a  higher  market  value 
based  on  delivered  results.  The  tendency  of  freight- rate  adjustment 
will  add  additional  value  to  the  Pittsburg  coal  field  in  western  Pennsyl- 
vania, as  is  illustrated  by  the  attempt  of  the  C,  H.  &  D.  R.  R.  to  haul  coal 
to  the  lake  front  for  approximately  2  mills  per  ton-mile  as  compared  with 
5  mills  per  ton-mile  paid  by  Pittsburg  coal.  It  is  reasonable  to  believe 
that  changes  in  freight  rates  from  the  Pittsburg  district  will  be  in  reduc- 
tions and  the  changes  in  freight  rates  from  southern  West  Virginia  and 
Kentucky  will  be  necessary  increases  sufiicient  to  maintain  the  solvency 
of  the  railroads  carrying  the  coal. 

The  Interstate  Commerce  Commission  will  find  it  n^essary  to  fix 
freight  rates  more  nearly  on  the  basis  of  cost  of  transportation  in  order 
to  maintain  the  solvency  of  the  railroads  themselves  and  to  conserve 
the  natural  resources  of  the  country,  all  of  which  will  tend  to  conserve 
the  Pittsburg  coal  field  and  probably  extend  its  life  over  the  estimates 
made.  With  the  exception  of  the  Connellsville  field  it  may  be  stated 
that  the  Pittsburg  coal  areas  worked  over  up  to  the  present  time  have 
not  shown  a  recovery  of  more  than  60  or  65  per  cent.  In  the  old  days  of 
mining  only  the  breast  coal  was  mined  and  only  cheaply  mined  portions 
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of  this  bench  .were  hauled  to  the  tipple.  In  recent  years  the 
more  modem  operations  in  the  Pittsburg  district  have  adopted  sys- 
tems of  extraction  which  permit  a  recovery  of  85  per  cent,  and 
in  some  cases  90  per  cent,  may  be  secured,  but  this  percentage 
of  recovery  only  represents  the  last  few  years  and  only  a  portion 
of  the  district.  The  destruction  of  the  Pittsburg  coal  seam  in 
past  mining  operations  in  this  district  was  compulsory  on  account 
of  the  fact  that  the  railroads  of  the  district  placed  an  extremely 
high  freight  rate  on  coal  shipped,  in  order  to  divide  the  market  with 
southern  railroads,  the  result  being  that  with  non-union  labor,  in 
combination  with  extremely  high  freight  rates  per  ton-mile  from  the 
Pittsburg  district,  and  extremely  low  freight  rates  from  West  Virginia 
and  Kentucky,  it  has  been  possible  for  operators  in  the  Southern  fields 
to  enter  markets,  to  a  limited  extent,  which  naturally  belong  to  the 
Pittsburg  coal  field.  It  is  obvious  that  it  is  bad  public  policy  to 
permit  the  issue  of  railroad  securities  for  transportation  equipment, 
the  effect  of  which  is  to  destroy  natural  resources  in  the  Appalachian 
coal  fields,  in  order  to  secure  an  unnatural  coal  market  for  a  distant 
coal  field,  and  to  increase  the  gross  business  of  a  railroad  at  no  profit 
to  the  stockholders.  As  stated  before,  the  present  condition  of  the 
C,  H.  <t  D.  R.  R.  illustrates  the  fallacy  of  this  policy.  The  resources  of 
the  Pittsburg  coal  field  and  those  of  the  United  States  cannot  be  conserved 
unless  the  cost  of  service  on  railroads  is  a  measure  of  freight  rate.  With 
gradual  adjustments  made  in  freight  rates  to  cure  this  evil  it  may  be 
assumed  that  90  to  .94  per  cent,  of  the  Pittsburg  coal  measures  may  be 
recovered  based  on  present  mining  practices.  The  Connellsville  field 
proper,  under  the  supervision  of  Thomas  Lynch,  President  of  the  Frick 
Coke  Co.,  has  employed  methods  in  mining  which  are  the  most  eflBcient 
in  the  United  States.  The  recovery  of  coal  in  the  Connellsville  field 
through  the  system  established  by  Mr.  Lynch  is  about  93  to  94  per 
cent.  The  operations  in  this  field  from  the  standpoint  of  percentage  of 
recovery,  safety  measures  provided  for  guarding  against  death  and  acci- 
dents to  miners,  and  improved  living  conditions  around  the  mines,  are  an 
example  for  all  coal-mining  operations  of  the  country.  If  the  remainder 
of  the  Pittsburg  coal  field,  through  adjustment  in  freight  rates  and 
mining  costs,  would  adopt  a  modified  system  of  the  Connellsville  plan  of 
extraction,  the  life  of  the  Pittsburg  coal  field  would  be  increased  materially 
and  the  wealth  of  the  district  proportionately. 

The  author  of  this  paper  has  over  a  period  of  10  or  15  years  developed 
a  system  of  mechanical  mining  to  be  applied  to  a  modified  system  of 
extraction  as  practiced  in  the  Connellsville  field  by  the  Frick  Coke  Co. 
(Figs.  4  to  5).  After  spending  much  time  and  considerable  money  in 
this  period  of  time  machines  and  methods  were  produced  which  have 
apparently  reached  a  stage  of  perfection.     Several  of  these  machines 
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have  operated  continuously  for  many  months  in  the  Pittsburg  coal  field 
with  small  repairs  and  without  any  delays  in  operation.  The  results 
are  so  convincing,  that  it  can  be  announced  without  reservation  that 
mechanical  mining  is  established  and  that  by  means  of  machines  now 
perfected  and  operating  daily,  and  by  adapting  the  modified  plan  of 
extraction  equivalent  to  the  methods  in  the  Connellsville  field,  the  fol- 
lowing results  may  be  obtained: 


Fig.  5. — Plan  Showiniq  Advance. 


Fig.  6. — Plan  Showing  Retreat. 


1.  That  90  to  95  per  cent,  of  the  coal  measure  may  be  recovered  me- 
chanically. 

2.  That  the  cost  of  mining  in  thick  seams  averaging  over  5  ft.  will 
be  reduced  from  one-third  to  one-half. 

3.  That  one  man  operating  the  new  machines,  and  using  the  methods 
now  perfected  and  working,  will  be  able  to  produce  as  much  coal  as  four 
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to  six  men  produce  under  the  present  methods  by  the  use  of  the  present 
machinery. 

With  all  this  in  view  the  future  of  the  Pittsburg  coal  field  is  extremely 
bright  and  the  wealth  of  the  district  is  increased  largely. 

It  may  be  stated  that  the  present  beehive  ovens  or  open  ovens  of  the 
district  will  be  used  to  exhaust  areas  of  coal  lands  attached,  but  that 
future  coke  plants  supplying  the  iron  and  steel  industry  tributary  to  this 
coal  field  will,  to  a  large  extent,  be  the  retort  type  of  oven  with  byproduct 
recovery.  Some  of  these  plants  will  be  placed  at  the  point  where  the 
iron  and  steel  is  manufactured  and  other  plants  will  be  placed  in  the  coal 
field.  The  Pittsburg  district  is  facing  in  a  few  years  the  total  exhaustion 
of  natural  gas,  or  at  least  a  very  large  reduction  in  the  supply.  There 
are  established  throughout  the  district,  and  crossing  the  coal  field,  many 
large  pipe  lines  which  are  now  used  as  natural-gas  mains.  It  is  obvious 
that  these  mains  may  be  used  for  piping  retort-oven  gas  to  the  various 
industries  for  industrial  purposes  and  to  the  cities  for  domestic  use. 
It  is  also  obvious,  since  the  anthracite  field  has  approximately 
reached  its  peak  of  production,  that  small  coke  made  at  byproduct  ovens 
will  be  used  more  and  more  to  replace  hard  coal  west  of  a  line  north  and 
south  running  through  Buffalo.  It  is  the  opinion  of  the  author  of  this 
paper  that  the  majority  of  the  retort-oven  plants  will  be  placed  in  the 
coal  field  on  account  of  the  fact  that  the  pipe  lines  are  already  established 
and  on  account  of  the  further  fact  that  byproducts  such  as  tar,  ammonia, 
and  benzol  may  be  shipped  from  the  Pittsburg  district  with  as  much 
economy  as  from  practically  any  other  point.  Freight  rates  throughout 
the  country  have  been  established  so  that  the  cost  of  transporting  a  ton 
of  coke  to  market  from  the  Pittsburg  district  is  about  equivalent  to 
transporting  1}  tons  of  coal.  This  makes  it  possible  to  ship  coke  to 
the  various  points  as  cheaply  as  the  coal  necessary  to  make  a  ton  of  coke, 
so  that  there  is  no  transportation  advantage  in  shipping  coal  to  a  distant 
point  to  make  byproduct  coke.  The  modern  construction  of  railroad 
coke  equipment  has  reached  a  stage  that  enables  the  railroads  now  to 
haul  a  train  of  coke  as  cheaply  as  a  train  of  coal  of  the  same  weight,  the 
difference,  if  any,  being  very  slight.  The  tendency,  therefore,  will  be  to 
adjust  coke  freight  rates  on  the  basis  of  cost  of  transportation,  which 
will  be  in  favor  of  establishing  coke  plants  in  the  coal  field  in  the  Pitts- 
burg district. 

With  this  adjustment  in  view,  it  would  be  more  profitable  to  establish 
the  byproduct-coke  plants  in  the  coal  field,  especially  if  the  gas  could  be 
sold  to  the  pipe  lines  now  established.  Or  if  the  railroad  lines  are  equipped 
for  electric  traction,  largely,  it  may  be  that  it  would  pay  to  put  the  by- 
product-coke plants  in  the  coal  field  and  by  the  installation  of  gas  engines 
at  the  coke  plants  generate  electric  power  which  would  be  transmitted 
and  sold  to  the  railroads  at  low  prices.     The  question  of  where  to 
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establish  the  byproduct-coke  plant  will  depend  also  largely  on  whether 
the  owner  of  the  coke  plant  uses  his  own  products  or  whether  the  coke 
plant  is  established  for  the  general  market.  It  would  seem,  however, 
that  a  commercial  coke  plant  would  have  a  larger  market  both  for  gas  and 
coke  if  established  in  the  Pittsburg  coal  field  than  if  placed  elsewhere, 
as  the  established  freight  rates  on  coke  would  allow  shipments  of  coke 
to  any  point  now  available,  and  the  local  market  for  gas  would  absorb 
at  fair  prices  the  surplus  gas  of  the  plant. 
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TRANaA.CTI0N8  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[SUBJECT  TO  REVIMON] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  bo  pnwented  in  person  at  the 
Pittsburg  meeting,  October,  1014,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N,  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Doc.  1,  1914.  Any  discussion 
oiTerod  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Gasoline  Locomotives  in  Relation  to  the  Health  of  Miners 

BY  O.  P.  HOOD,  PITTSBURG,  PA. 
(Pitteburg  Meeting,  Ootober.  1914) 

None  of  the  methods  now  in  use  for  the  transportation  of  materials 
underground  is  entirely  free  from  more  or  less  serious  objection.  The 
great  flexibility,  ease  of  control  and  economy  of  operation  of  electric 
tramming  are  accompanied  by  the  serious  menace  of  a  trolley-wire  dis- 
tributing system. 

As  the  gasoline  locomotive  has  even  greater  flexibility  of  appUcation 
and  requires  no  similar  dangerous  distributing  system,  it  might  be  con* 
sidered  a  safety  device  which  would  make  possible  the  elimination  of  the 
dangerous  trolley  system  were  it  not  possessed  of  other  objectionable 
qualities  peculiar  to  itself.  It  is  found  that  the  exhaust  gases  from  the 
engine  may  be  injurious  to  the  health  of  those  breathing  the  air  in  which 
the  locomotive  has  been  operating.  While  electric  shock  may  kill  the 
individual  who  makes  contact  with  uninsulated  parts,  the  gasoline  engine 
may  be  detrimental  to  the  health  of  all  those  who  have  to  work  within  the 
atmosphere  corrupted  by  exhaust  gases.  The  degree  of  pollution  meas- 
ures the  magnitude  of  the  menace.  This  may  be  ntegligible  at  times,  but 
with  careless  operation  it  becomes  serious.  The  exhaust  gases  from  an 
engine  are  composed  of  nitrogen,  a  little  free  oxygen,  hydrocarbons, 
hydrogen,  carbon  monoxide,  and  carbon  dioxide,  the  last  two  being  con- 
sidered dangerous. 

The  presence  of  carbon  dioxide  as  a  product  of  combustion  of  the  gaso- 
line was  recognized  as  an  objection  from  the  beginning  of  the  use  of  these 
machines,  but  attention  was  called  to  the  fact  that  the  amount  produced 
was  relatively  small  as  compared  to  that  from  other  sources  of  this  gas, 
and  it  was  not  likely  to  be  made  in  dangerous  quantities.  The  effect  of 
carbon  dioxide,  except  in  relatively  large  percentages,  is  confined  to  the 
effect  it  may  have  in  reducing  the  oxygen  content  of  the  air  that  is  breathed. 

The  presence  of  carbon  monoxide  in  the  exhaust  gases  in  injurious 
quantities  was  less  apparent,  but  it  appears  from  what  is  now  known  that 
this  is  the  limiting  factor  in  the  use  of  these  locomotives  if  they  are  not 
to  be  injurious  to  health.  The  presence  of  carbon  monoxide  in  the  air  in 
relatively  small  quantities  has  been  shown  to  have  a  marked  effect  upon 
the  blood,  producing  sickness  and,  if  inhaled  in  sufficient  quantity,  pro- 
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duces  death.  A  discussion  of  the  effects  of  these  gases  is  to  be  found  in 
Technical  Paper  No.  62,  U.  S,  Bureau  of  Mines,  by  G.  A.  Burrell,  F.  M. 
Seibeit,  and  I.  W.  Robertson. 

It  is  difficult  to  get  those  most  conversant  with  the  effects  of  carbon 
monoxide  to  assign  a  definite  limit  to  the  amount  which  may  be  in  the  air 
without  detriment  to  health.  There  does  not  exist  a  sharply  defined 
line  on  one  side  of  which  is  to  be  found  safety,  with  danger  on  the  other 
side.  It  has  been  shown  that  the  physiological  effects  vary  with  differ- 
ent people,  and  with  the  state  of  health  and  degree  of  activity  required  of 
the  individual,  so  that  a  condition  which  may  be  considered  safe  may 
prove  to  be  unsafe  under  conditions  of  harder  work  and  unfavorable 
physical  state.  After  careful  inquiry,  the  best  that  can  be  stated  at  this 
time  is  that,  without  injury  to  health,  no  more  than  0.1  per  cent,  of  cai- 
bon  monoxide  can  be  breathed  and  that  for  short  and  infrequent  intervals. 
It  is  probable  that  one-half  of  this  percentage  could  be  allowed  for  a  con- 
siderable period  of  time  without  noticeable  effect. 

The  percentage  of  carbon  monoxide  in  the  mine  air  depends  upon  the 
amount  made  by  the  engine  and  on  the  quantity  of  air  with  which  it  is 
mixed.  It  will  be  necessary  to  provide  ventilation  for  the  worst  possible 
combination  of  gases  which  such  engines  can  make  under  unskillful  hand- 
ling, or  else  to  become  informed  as  to  the  actual  amount  of  carbon  monox- 
ide produced  and  provide  air  accordingly.  To  provide  for  the  worst 
conditions  it  becomes  necessary,  then,  to  consider  the  gasoline  locomotive 
as  a  carbon  monoxide  producer,  and  to  discover  the  maximum  quantity  of 
this  gas  which  any  engine  is  capable  of  making.  It  is  not  sufficient  to 
consider  the  average  amount  produced  as  distributed  over  the  whole  time 
of  running  such  a  machine.  The  total  quantity  of  gasoline  burned  in  any 
one  day  may  have  produced  but  a  small  quantity  of  carbon  monoxide,  but 
if  this  has  been  confined  to  a  relatively  short  period  during  bad  carburetor 
adjustment,  and  in  some  poorly  ventilated  space,  the  momentary  per- 
centage may  be  very  high  and  the  consequences  may  be  fatal.  It  is 
evident  that  to  be  entirely  safe  the  ventilation  must  be  sufficient  to  keep 
the  percentage  of  carbon  monoxide  below  the  assigned  limit  when  the 
engine  is  producing  the  maximum  quantity  possible.  If  this  maximum 
quantity  is  provided  for  by  proper  ventilation,  the  chance  of  injury  to 
health  can  be  considered  to  be  quite  remote.  Certain  pecuUarities  of 
gasoline  engines  make  the  percentage  of  carbon  monoxide  generated  vary 
between  rather  wide  limits,  but  the  maximum  is  fairly  constant.  No 
other  constituent  of  the  exhaust  gases  varies  so  much  or  so  rapidly  with 
slight  changes  of  adjustment  as  does  the  carbon  monoxide. 

Extended  experiments  have  been  made  by  the  Bureau  of  Mines  to 
determine  under  what  conditions  of  running  such  locomotives  give  a 
maximum  quantity  of  carbon  monoxide.  This  maximum  quantity  is 
found  when  the  engine  is  running  at  full  load  and  full  speed,  and  when 
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burning  the  greatest  quantity  of  gasoline  which  will  maintain  these  con- 
ditions. Any  further  enriching  of  the  mixture  results  in  weaker  explo- 
sions, misfires,  a  reduction  in  speed  of  the  locomotive,  and  thus  a  reduced 
total  quantity  of  gases.  The  weight  of  gasoline  used  per  stroke  may  vary 
nearly  100  per  cent,  without  varying  the  speed  or  power.  As  the  mixture 
is  enriched  the  combustion  is  less  complete,  reducing  the  efficiency  but 
affecting  the  power  but  little  until  the  upper  limit  of  explosibility  is  ap- 
proached, when  the  power  falls  rapidly.  Under  these  conditions  a  maxi- 
mum quantity  of  carbon  monoxide  equivalent  to  5f  per  cent,  of  the  piston 
displacement  may  be  generated  and  delivered  into  the  surrounding  air. 
When  the  engine  is  throttled  down  to  a  slow  speed  and  with  a  light  load 
it  is  possible  to  produce  exhaust  gases  containing  a  greater  percentage  of 
carbon  monoxide  but  the  total  quantity  is  less  because  of  the  slow  speed 
of  the  engine.  It  can  therefore  be  stated  that  the  amount  of  carbon 
monoxide  possible  to  generate  with  a  gasoline  locomotive  is  a  function  of 
its  piston  displacement. 

Table  I. 


I 


Engine 
Cylinder 
Size,  In. 


.76 by  6.26 

6by5 

5by5 

5by6 

5.6by6 

6by6 

6by7 

6.5  by  7 

6.5by8 

7by7 

7by7 

6 

8by7 

4 

8by7 

6 

No. 
Cyl- 
in- 
ders 


j   Piston  , 
Speed  I  Displace-' 


Rev. 
per 
Min. 


I 


800 
600 
800 
800 
600 
700 
500 
500 
650 
500 
500 
500 
500 


ment  a 

(Cu.  Ft. 

per 

Min.) 


172 
136 
182 
218 
165 
275 
229 
269 
399 
312 
468 
407 
610 


Maximum  Probable 
Amount  of  Noxious 
Gases  (Cu.  Ft.  per  Min. 
at  60**  F.  and  30  in.  Bar- 
ometer) Produced  with 


Amount  of  Air  (Cu. 
Ft.  per  Min.)  Re- 
quired to  Dilute 
Exhaust  Gases  to  1 
Part  CO  per  1000 
Parts  of  Air  b 


Good 
Carburation 


Bad 
Carburation  < 


CO 


2.61 
2.06 
2.76 
3.30 
2.50 
4.17 
3.47 
4.07 
6.04 
4.73 
7.08 
6.16 
9.24 


CO,      CO    i  CO, 


IGoodCar-l  Bad  Car- 
buration I  buration 


6.80 

5.37 

7.18! 

8.60, 

6.51 

10.86 

9.04 

10.63 

15.76 

12.33| 

18.49, 


.16.08' 


9.91| 
7.84 
10.48' 
12.56| 
9.60, 
15.85! 
13.19, 
15.60' 
23.00' 
17.97 
26.97 
23.45 


3.65' 
2.88! 
3.861 
4.621 
3.50{ 
5.82 
4.851 
5.70 
8.46 
6.62 
9.92 
8.62 


24.10;  35.1412.93 


2,610 
2,060 
2,760 
3,300 
2,500 
4,170 
3,470 
4,070 
6,040 
4,730 
7,080 
6,160 
9,240 


9,910 
7,840 
10,480 
12,560 
9,500 
15,850 
13,190 
15,500 
23,000 
17,970 
26,970 
23,450 
35,140 


a  Area  piston  in  sqjuare  feet  X  stroke  in  feet  X  number  of  cylinders  ,X  revolutions 
per  minute. 

b  Maximum  amount  of  carbon  monoxide  which  can  be  breathed  for  short  and 
infrequent  intervab  without  injurious  effects.  ^  I 
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The  sizes  of  locomotives  in  common  use  are  given  in  the  accompany- 
ing table,  together  with  the  maximum  quantity  of  injurious  gases  which 
they  may  generate. 

The  size  of  a  locomotive  that  may  with  safety  be  introduced  into  a 
mine  depends  upon  the  amount  of  air  that  can  be  mixed  with  the  exhaust 
gases  in  the  most  unfavorable  portion  of  the  run  of  the  locomotive.  For 
each  cubic  foot  of  carbon  monoxide  possible  to  generate  in  the  engine 
there  should  be  available  2,000  cu.  ft.  of  air  to  mix  with  the  exhaust 
gases  if  this  air  is  for  continued  breathing,  while  for  short  and  infrequent 
intervals  the  proportion  may  rise  to  one  part  in  one  thousand. 

The  air  with  which  the  exhaust  gases  are  mixed  is  the  air  passed 
through  hy  the  locomotive.  If  the  speed  of  the  air  current  and  that  of  the 
locomotive  are  the  same  there  would  be  a  concentration  of  exhaust  gases 
immediately  surrounding  the  engine,  which  would  very  soon  reach  the 
danger  limit.  The  engine  runner  would  be  exposed  to  this  excessive 
amount.  Or,  the  air  may  be  stationary,  and  if  the  locomotive  passes 
though  this  air  at  such  a  rate  as  to  distribute  the  exhaust  gases  into 
the  required  quantity  of  air  the  dilution  may  be  below  the  danger  limit. 
It  becomes  necessary,  therefore,  to  investigate  the  relative  velocity  of  the 
locomotive  and  the  air  current,  together  with  the  cross  section  of  this  air 
current,  in  order  to  determine  whether  a  sufficient  quantity  of  air  is  passed 
to  insure  a  proper  dilution.  The  mixing  due  to  the  movement  of  the  cars 
and  the  diffusion  of  the  gases  is  expected  to  distribute  the  gases  through 
the  air.  An  investigation  of  this  kind  will  frequently  disclose  some  por- 
tion of  the  run  of  the  locomotive  where  the  air  and  the  locomotive  are 
traveling  together  and  the  dilution  is  insufficient,  formii^  the  basis  for 
just  complaint.  By  a  change  in  the  speed  of  the  locomotive,  or  more 
careful  running,  perhaps  with  lighter  loads,  these  difficulties  can  frequently 
be  overcome.  It  is  evident  from  the  foregoing  that  it  is  a  dangerous 
practice  to  allow  locomotives  to  stand  idle  for  any  length  of  time  in  loca- 
tions where  there  is  not  ample  movement  of  air.  The  introduction  of  a 
self-starter  on  locomotives  which  are  compelled  frequently  to  wait  for 
cars  would  be  a  great  aid.  The  engines  on  these  locomotives  are  usually 
difficult  to  start,  and  to  stop  the  engine  whenever  the  locomotive  is  com- 
pelled to  wait  for  a  few  minutes  would  not  be  practicable  unless  some  easy 
means  of  re-starting  was  provided,  but  this  practice  would  greatly  reduce 
the  chance  of  air  pollution. 

The  requirement  that  not  less  than  1,000  cu.  ft.  of  air  shall  pass  the 
locomotive  for  each  cubic  foot  of  carbon  monoxide  possible  for  the  engine 
to  generate  will  limit  the  size  of  the  locomotive  in  many  cases  to  sizes 
smaller  than  are  now  in  use.  It  may  also  confine  the  use  of  these  engines 
to  main  entries  where  there  is  ample  ventilating  current. 

This  maximum  quantity  of  noxious  gases  which  is  here  provided  for 
should  not  actually  be  realized  with  improved  carburetor  construction 
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and  skillful  manipulation.  The  percentage  of  carbon  monoxide  in  the 
exhaust  gases  under  the  worst  conditions  is  about  13^  per  cent.,  while 
under  normal  running  conditions  the  amount  seldom  exceeds  6  per  cent. 
It  is  this  great  variation  in  the  possible  amount  of  carbon  monoxide  due  to 
unskillful  operation  that  makes  the  experience  of  different  users  of  these 
machines  vary  through  the  wide  limits  noted.  If  a  locomotive  is  installed 
in  a  place  where  the  quantity  of  air  is  not  sufficient  properly  to  dilute  the 
maximum  quantity  of  carbon  monoxide,  analyses  of  the  exhaust  gases 
should  be  made  to  determine  just  what  percentage  is  actually  produced 
with  the  carburetor  in  use  and  the  methods  employed  in  running  these  ma- 
chines. The  ventilating  current  may  then  be  regulated  to  conform  to  the 
actual  amount  of  carbon  monoxide  as  found.  It  is  proposed  that  this 
be  done  by  a  method  somewhat  as  follows: 

Suppose,  upon  analysis,  that  the  actual  amount  of  carbon  monoxide 
is  found  to  be  not  over  4  per  cent. ;  allowing  a  factor  of  safety  of  2,  and 
assuming  that  this  percentage  might  on  occasion  mount  to  8  per  cent., 
and,  since  the  maximum  percentage  possible  is  about  13|  per  cent., 
the  ventilating  current  required  ^can  be  regulated  in  the  proportion  of 
8  to  13J. 

If  a  careful  study  is  made  of  the  amount  of  air  available  for  dilution 
throughout  the  run  of  a  locomotive,  and  the  quantities  are  kept  within 
the  limits  that  are  here  proposed,  a  wide  field  of  usefulness  for  these  loco- 
motives remains,  where  it  is  believed  there  would  be  no  injurious  effects 
upon  health. 
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[subject  TO  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Pittsburg  meeting,  October,  1914,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street^  New  York.  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Deo.  1, 1914.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


A  Test  of  Centrifugal  Motor-Driven  Pumps 

BY  S.  8.  RUMSBY*   AND  W.  F.  8CHWEDES,t  DULXJTH,  MINN. 

InlrodiLction 

In  order  to  realize  the  economies  which  would  result  in  operating  the 
mine  pumps  at  the  Chapin  mine  with  electricity  generated  by  water 
power,  the  Oliver  Iron  Mining  Co.  recently  installed  a  hydro-electric 
plant  at  the  upper  Quinnesec  falls  on  the  Menominee  river,  and  con- 
structed a  transmission  line  to  the  mine. 

On  account  of  the  large  flow  of  water  in  the  Chapin  mine,  and  the 
great  depth  from  which  it  has  to  be  handled,  it  was  necessary  to  make  a 
thorough  investigation  of  the  merits  of  both  the  motor-driven  centrifugal 
and  motor-driven  plunger  pumps,  in  order  that  the  most  economical 
results  as  regards  power,  cost  of  installation,  maintenance,  and  operation, 
be  obtained.  This  investigation  resulted  in  the  selection  of  motor-driven 
centrifugal  pumps,  as  the  cost  of  the  pumps  and  motors,  installation,  and 
maintenance  was  considerably  lower,  and  the  space  required  in  the  under- 
ground workings  very  much  smaller,  than  for  the  plunger  pumps.  The 
overall  efficiencies  guaranteed  by  several  of  the  centrifugal-pump  manu- 
facturers were  so  nearly  those  guaranteed  by  plunger-pump  manufac- 
turers that  the  saving  in  power  which  would  result  from  the  installation 
of  plunger  pumps  did  not  justify  their  increased  first  cost  and  the  in- 
creased cost  of  installation  under  the  conditions  prevailing  at  the  Chapin 
mine. 

In  order  to  substantiate  the  representations  of  the  centrifugal-pump 
builders  it  was  deemed  necessary  to  insist  upon  a  factory  test  of  the 
completed  units  before  shipment,  the  test  to  be  conducted  under  condi- 
tions of  head  and  capacity  approximating  as  nearly  as  possible  those  under 
which  the  pumps  would  operate  in  service.  Furthermore,  it  was  con- 
sidered necessary  to  demonstrate,  by  test,  that  there  were  no  deficiencies 
in  design  or  capacity  of  the  pumps  or  motors  before  their  final  installation 
in  the  mine,  as  it  would  be  extremely  difficult  to  make  alterations  in  the 
pumps  or  motors  after  they  were  installed. 

•  Chief  Engineer,  Oliver  Iron  Mining  Co. 

t  Non-member.     Electrical  Engineer,  Oliver  Iron  Mining  Co. 
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The  general  arrangement  of  the  pumps,  pipuag?  And  electrical  control 
for  the  12th  level  is  shown  in  Fig.  1,  and  for  the  16th  level  in  Fig.  2. 
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Power  is  transmitted  from  the  surface  to  12th-level  pumps  through 
two  250,000-circuiar  mil,  three-conductor,  30   per  cent.    Para  rubbex'^ 
insulated,  lead-covered,  steel-armored  cables;  and  from  the  surface  to  16th 
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FlG.  3. — Details  op  Cable  Manhole  fob  2,300- Volt  Cables. 
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level  through  two  3-0  three-conductor,  30  per  cent.  Para  rubber-insu- 
lated, lead-covered,  steel-armored  cables.  These  cables  were  manu- 
factured by  the  American  Steel  &  Wire  Co.,  in  conformance  with 
specifications  which  were  especially  suited  to  the  conditions. 

The  method  of  carrying  these  cables  down  the  vertical  mine  shaft,  and 
supporting  them  by  the  concrete  shaft  timbers,  is  shown  in  Fig.  3. 

Specifications  for  all  equipment  required  for  the  power  and  pumping 
plants,  and  all  plans  for  the  installation  of  same,  were  prepared  in  the 
office  of  the  Chief  Engineer  of  the  Oliver  Iron  Mining  Co.,  at  Duluth, 
Minn. 

Report  of  Test 

In  accordance  with  the  contract  with  Henry  R.  Worthington  Co., 
tests  were  run  on  the  four  3;000-gal.,  motor-driven  centrifugal  pumps 
built  by  them  for  service  on  the  16th  and  12th  levels.  No.  2  Hamilton 
shaft,  Chapin  Mine,  Iron  Mountain,  Mich.  The  complete  erection  and 
testing  of  these  four  motor-pump  units  was  witnessed  by  the  Electrical 
Engineer  of  the  Oliver  Iron  Mining  Co.  The  first  pump  was  turned  over 
Dec.  13,  1913,  and  the  test  completed  on  the  fourth  pump  Jan.  13,  1914. 

Description  of  Motor-Driven  Pumps 

The  water  to.be  pumped  from  the  Chapin  mine  is  encountered  on  the 
16th  level,  and  is  approximately  3,000  gal.  per  minute.  The  vertical  Uft 
from  the  sump  on  the  16th  level  to  surface  will  be  1,358  ft.,  and  the  water 
win  be  pumped  to  the  surface  in  two  lifts,  the  pumps  being  located  as 
described  below: 

Two  Snstage  pumps  will  be  installed  on  the  16th  level,  each  having  a 
capacity  sufficient  to  handle  the  entire  mine  flow  to  a  sump  on  the  12th 
level,  a  -^rertical  lift  of  392  ft.  The  estimated  dynamic  head  against 
which  each  16th-level  pump  will  operate  when  throwing  3,000  gal.  of 
water  per  minute  is  412  ft. 

Two  6-stage  pumps  will  be  installed  on  the  12th  level,  each  having  a 
capacity  sufficient  to  handle  the  entire  mine  flow  to  surface,  a  vertical 
lift  of  966  ft.  The  estimated  dynamic  head  against  which  each  12th-level 
pump  will  operate  when  throwing  3,000  gal.  of  water  per  minute  is  1,000  ft. 

Under  normal  conditions  only  one  pump  on  the  16th  level  and  one 
pump  on  the  12th  level  will  operate  simultaneously.  There  are,  however, 
two  independent  discharge  column  pipes,  making  it  possible  to  operate 
both  pumps  on  both  levels  simultaneously,  thereby  providing  a  maximum 
capacity  of  6,000  gal.  per  minute  from  the  16th  level  to  the  surface. 

Fig.  4  shows  the  general  arrangement  of  present  steam  and  air  pumps 
and  new  electrical  pumps. 

The  pumps  are  of  the  multistage  turbine  type,  built  in  units  of  three 
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Fig.  4. — Pumping  Diagram,  Showing  Steam  and  Electric  Pumps. 
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stages  each.  The  two  16th-level  pumps  each  consist  of  one  unit  of  three 
stages,  mounted  on  a  common  cast-iron  bedplate,  with  a  450-h.p.  1,200 
rev.  per  minute  induction  motor  direct  connected  through  a  flexible 
coupling.  The  12th-revel  pumps  each  consist  of  two  three-stage  units, 
mounted  on  a  common  cast-iron  bedplate,  and  direct  connected  through 
a  flexible  coupling  to  each  end  of  a  1,060-h.p.  1,200  rev.  per  minute 
induction  motor,  the  discharge  of  the  low-pressure  unit  being  connected 
through  a  12-in.  pipe  to  the  suction  end  of  the  high-pressure  unit. 

The  three-stage  units  that  make  up  the  four  pumps  are  identical  in 
design  and  dimensions  so  that  all  parts  are  interchangeable,  excepting 
the  impellers  in  the  six-stage  pumps,  which  have  a  trifle  larger  diameter  as 
their  operating  head  is  more  than  twice  that  of  the  three-stage  pumps. 

The  pumps  are  designed  to  allow  lowering  through  a  vertical  mine 
shaft  3  ft.  10  in.  wide  by  6  ft.  4  in.  long.  All  glands  are  water  sealed  and 
all  bearings  are  water  cooled;  casings  are  cast  steel;  impellers  and  diffusion 
vanes  are  bronze. 

Each  pump  is  driven  by  a  General  Electric  2,200-volt,  three-phase, 
60-cycle,  1,200  rev.  per  minute,  wound  secondary  induction  motor,  with 
provision  for  short-circuiting  secondary  windings  at  the  control  board  by 
means  of  an  oil  switch  which  is  so  interlocked  with  the  drum  controller 
and  primary  circuit  breaker  that  the  entire  control  equipment  is  as 
"fool-proof"  as  is  possible  to  make  it. 

All  the  2,200-volt  control  equipment  will  be  mounted  in  concrete 
compartments  and  all  wiring  around  motors  will  be  so  protected  that  all 
possible  danger  to  operator  is  eliminated. 

These  centrifugal  pumps  will  replace  the  present  steam  pumping 
equipment.    The  rating  of  the  centrifugal  pumps  is  shown  in  Table  1. 

Table  I 


Capacity  in  U.  S.  gallons  per  minute. . 

Total  dynamic  head  in  feet 

Rev.  per  minute  at  full  load 

Diameter  of  suction  in  inches 

Diameter  of  discharge  in  inches 

Horsepower  of  motors 

Electrical  characteristics  of  motors: 
2,200  volts,  three-phase,  60  cycles 


12  in.  3-Stage 

12  in.  6-Stage 

16th  Level 

12th  Level 

3,000 

3,000 

412 

1,000 

1,178 

1,170 

12 

12 

12 

12 

450 

1,050 

Purpose  of  Test 

Each  pump  with  its  motor  was  tested  to   determine:     (1)  Head- 
capacity  curves  of  pumps;  (2)  overall  efficiency,  wire  to  water;  (3)  degree 
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with  which  builder's  guarantees  were  met;  (4)  mechanical  operation  of 
pumps  and  motors  for  vibration,  thrust,  heating,  and  noise. 

Method  of  Testing 

The  four  pumps  were  shipped  from  the  Worthington  factory  at 
Harrison,  N.  J.,  to  the  factory  of  the  General  Electric  Co.  at  Schenectady, 
N.  Y.,  and  each  complete  unit  assembled  and  aligned  on  a  steel  floor 
plate. 

Power  supply  for  pumps  Nos.  1,  3,  and  4  was  taken  from  a  12,500- 
kva.,  2,200-volt  turbo-generator  which  was  run  especially  for  this  test. 


Fig.  5A. — Arrangement  op  Discharge  Water  Piping  of  First  Three-Stage 

Pump. 

Pump  No.  2  was  supplied  from  a  760-kw.  direct-current  motor-driven 
alternating-current  generator.  Constant  frequency  was  available  from 
the  turbo-generator,  but  the  frequency  of  the  motor-generator  set 
fluctuated  and  test  readings  were  taken  as  frequency  became  reasonably 
steady  at  60  cycles.  Power  input  to  motors  was  measured  with  previously 
calibrated  electric  instruments.  The  head  on  pump  was  obtained  by 
means  of  a  pressure  gauge  between  pump  and  discharge  valve  and  a  C- 
tube  in  pump  suction.  The  pump  discharge  in  gallons  per  minute  was 
measured  with  a  calibrated  3-in.  nozzle.     Fig.  6  shows  the  piping  around 
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pumpe,  as  set  up  for  each  test,  and  the  location  of  pressure  gauges  and 
U-tube.  All  pressure  gauges  were  carefully  calibrated  and  all  pressure 
readings  in  the  following  data  are  corrected. 

The  3-in.  nozzle  was  calibrated  over  a  rectangular  weir  up  to  46^  lb. 
nozzle  pressure,  and  Table  II  gives  readings  taken  on  this  calibration. 


Fig.  6B. — ^Arrangement  of  Discharge  Water  Piping  of  Second  Three-Stage 

Pump. 


Table  II 


Pressure  on  Nozzle 
P 


Gallons  per  Minute  over 

Weir 

C 


71 
131 
19J 
26 
29} 
41J 
46i 


820 
1,105 
1,330 
1,520 
1,610 
1,900 
2,040 


Constant 
K 


91,200 
91,500 
90,750 
89,000 
89,000 
87,100 
89,400 
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From  the  readings  in  Table  II,  the  average  value  of  constant  K  = 
90,000.  Substituting  in  equation  C*  =  jKP,  the  pressure-capacity  curve 
shown  in  Fig.  6  was  prepared.  Although  there  is  a  sUght  variation  in  the 
value  of  constant  K  for  different  nozzle  pressures,  as  shown  in  Table  II, 
this  does  not  appreciably  affect  values  for  gallons  per  minute  discharge,  as 
C  varies  as  the  square  root  of  K. 

Water  was  pumped  from  a  60-in.  pipe-line  connection  from  the  Erie 
Canal  and  the  3-in.  nozzle  discharged  into  a  16-in.  stand  pipe  back  to 
canal.    As  the  level  of  water  in  the  canal  was  higher  than  the  suction 
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FiQ.  6. — Pressube-Discharge  Curve  for  3-in.  Nozzle  and  5-in.  Ring. 

connection  on  pump,  the  pressure  on  suction  varied  from  2  to  6  in.  of 
mercury  and  was  measured  with  the  mercury  U-tube.  (See  Fig.  5  for 
location  of  tube  connection  in  pump  suction.) 

In  taking  the  test  readings  on  each  pump,  no  preliminary  test  runs 
were  made  or  readings  taken,  and  each  pump  was  operated  before  the 
test  for  only  a  suflScient  time  to  inspect  piping  and  assure  proper  lubrica- 
tion, tight  glands,  and  true  alignment. 


TeBi  Data 

In  the  following  tables,  pumps  are  numbered  as  follows:  No.  1,  16th  level,  12  m., 
3-6tage,  450  h.p.;  No.  2,  16th  level,  12  in.,  3-6tage,  450  h.p.;  No.  3,  12th  level,  12  in., 
6-6tage,  1,050  h.p.;  No.  4,  12th  level,  12  in.,  6H9tage,  1,050  h.p. 

Table  III  gives  the  starting  current  for  each  pump.  These  were 
taken  with  the  12-in.  discharge  valve  closed  and  the  2-in.  bypass  valve 
open,  which  will  approximate  conditions  of  starting  when  installed. 
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The  motors  were  started  with  their  respective  resistance  grids  and  con- 
trollers. The  starting  duty  is  so  light  that  no  trouble  should  be  expected 
•,  with  the  drum  controllers. 

It  will  be  possible  to  start  these  pumps  within  25  sec.  without  exceed- 
ing full-load  current,  by  using  a  greater  rate  of  acceleration  on  the  first 
number  of  notches  on  the  controller  and  a  decreasing  rate  of  acceleration 
on  the  last  few  notches,  as  the  pump  takes  its  load. 

Motor  eflSciencies  and  power  factors  for  one  1,050-h.p.  and  one  450- 
h.p.  motor  were  obtained  by  separation  of  losses. 

In  Table  IV  are  shown  the  guaranteed  and  obtained  eflBciencies  and 
power  factors  for  the  two  motors. 

Tables  V,  VI,  VII,  and  VIII  for  pumps  1,  2,  3,  and  4,  respectively, 
give  obtained  data  from  which  curve  sheets  (Figs.  7,  8,  9,  and  10)  were 
prepared,  giving  head-capacity  curves,  horse-power  input  curves,  and 
overall  eflSciency  curves.  The  pump-eflSciency  curves  were  obtained 
by  dividing  overall  eflSciency  by  motor  efficiency. 

Test  ResitUs 

Table  IX  was  prepared  from  the  curve  sheets  to  show  the  d^ree 
with  which  the  builder's  guarantees  were  met. 

Motor  Slip 

On  pumps  Nos.  3  and  4,  the  motor  slip  was  measured  directly  by 
means  of  a  6-volt  voltmeter  connected  across  the  slip  rings,  which  gave 
actual  values.  The  percentages  of  slip  given  in  Tables  VII  and  VIII  are 
calculated,  assuming  60-cycle  power  supply.  Inconsistency  in  slip  values 
is  due  to  slight  variations  in  speed  of  the  prime  mover,  which  it  was 
impossible  to  check  within  the  limits  of  error,  in  the  values  of  slip. 

Slip  for  pumps  Nos.  1  and  2  was  obtained  by  means  of  speed  counter 
and  tachometer  and  the  figures  are  not  accurate,  but  indicate  maxi- 
mum values  that  can  be  expected. 

When  in  actual  service,  the  slip  for  all  motors  will  be  less  than  any 
values  given  in  data  sheets,  because  of  the  long  secondary  leads  used 
on  test. 

Temperatures,  Motors  and  Bearings 

Because  of  the  large  amount  of  power  and  time  required  to  obtain 
final  full-load  temperatures  on  motors  and  bearings,  no  attempt  was 
made  to  obtain  these  readings  further  than  those  taken  during  test^  which 
in  each  case  covered  a  period  of  about  2  hr. 

The  highest  temperatures  recorded  at  the  end  of  test  runs  were  in 
the  end  turns  of  stator  windings  given  by  thermometers  Nos.  3  and  4. 

Table  X  shows  maximum  temperature   rises  above  25^  C.  at  end 
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Table  III — Starting  Currents 


Controller 
Notches 


Pump  No.  1 
Amperes 


Pump  No.  2 
Amperes 


S 
1 
2 
3 
4 
5 
6 
7 
8 

10 

11 

12 

13 

14 

Total  time,  aecondsj 

Full-load  motor 

a'operes. 


79 
49 
49 
51 
67 
63 
61 
69 
79 
79 
83 
84 
96 

118 
79 
26 

101 


Pump  No.  3 
Amperes 


Pump  No.  4 
Amperes 


160 
160 
160 
110 
110 
110 
140 
140 
140 
140 
140 
120 
160 
190 
160 
26 
229 


157 
143 
126 
110 
118 
118 
118 
118 
118 
118 
126 
126 
167 
197 
118 
30 
229 


Table  IV 


Loads 


Full 


li 


Guaranteed  efficiency,  460-h.p.  motor 86.5 

Obtained  efficiency,  450-h.p.  motor 92 . 4 

Guaranteed  efficiency,  1,060-h.p.  motor i  90.6 

Obtained  efficiency,  1,060-h.p.  motor j  93 . 

Guaranteed  power  factor,  460-h.p.  motor I  82 . 

Obtained  power  factor,  460-h.p.  motor I  86. 1 

Guaranteed  power  factor,  1,060-h.p.  motor. . .  90. 

Obtained  power  factor,  1,060-h.p.  motor |  90 . 8 


91. 

92. 

93.9 

94.66 

92.6 

94. 

94.4 

95. 

88.6 

92. 

90.3 

91.3 

92. 

93.6 

93.2 

93.3     1 

92.6 
94.9 
94. 
96.2 


93. 
91.6 
93.6 
93.3 


of  test  runs  and  gives  an  idea  of  what  can  be  expected  of  these  motors 
under  continuous  operation. 

Being  highnspeed  motors,  a  relatively  small  amount  of  material  entered 
into  their  construction,  giving  them  a  small  thermal  capacity,  so  that  the 
above  temperature  rises  are  nearly  final.  The  guaranteed  full-load 
temperature  rises  for  1,050-h.p.  and  45(>-h.p.  motors  is  36°  C. 
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Fig.  7. — Pump  No.  1,  16th  Level. 
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Fig.  9. — Pump  No.  3,  12th  Level. 
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Fig.  11. — Pump  No.  1,  16th  Level. 
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Table  IX 


At  3,000  gal.  per  minute 

Obtained  head  in  feet 

Guaranteed  head  in  feet. 

Guarantee  exceeded  by . . 


Pump 
No.  2 


Pump 
No.  3 


445 
412 


1,068 
1,000 


Pump 
No.  4 


1,064 
1,000 


At  412  ft,  head  and  1,000  ft,  head,  respectively 

Obtained  gallonfl  per  minute 

Guaranteed  gallons  per  minute 


Guarantee  exceeded  by. 


Wire  to  water  effidenciee  at  3,000  gal. 

Obtained  efficiencies,  per  cent 

Guaranteed  efficiencies,  per  cent 


Guarantee  exceeded  by,  per  cent. 


46 


3,550 
3,000 


33 


3,415 
3,000 


68 


3,276 
3,000 


64 


3,250 
3,000 


550 


74.0 
71.8 


415 


73.8 
71.8 


275 


75.0 
73.3 


250 


75.0 
73.3 


2.2 


2.0 


1.7 


1.7 


Pump  No.  1 
Pump  No.  2 
Pump  No.  3 
Pump  No.  4 


Time  in 
Minutes 


150 

155 

140 

75 


Table  X 

Temperature  rise 
above  25*^  C. 

Average  load 
in  Horsepower 

25.5 
20. 
43. 
37.5 

457 

450 
1,200  « 14 . 3  per  cent,  overload 
1, 170  =  10 . 5  per  cent,  overload 

AH  bearing  temperatures  were  below  normal  throughout  the  tests. 
The  pump  bearings  and  oil  for  thrusts  are  water  cooled  and,  although  pro- 
vision is  made  for  the  water  cooling  of  motor  bearings,  no  water  was 
passed  through  the  coils  during  the  tests. 

Some  difficulty  was  experienced  in  pump  thrust  bearings  due  to  foam- 
ing of  oil,  but  this  was  finally  overcome  by  a  re-arrangement  of  oil  piping 
and  oil  throwers. 

Mechanical  Operation 

On  test  the  pumps  ran  very  quietly  at  all  loads  and  the  three^tage 
pumps  with  little  vibration.  Some  vibration  occurred  in  the  six-stage 
pumps,  because  of  the  difficulty  in  holding  alignment  of  the  long  cast- 
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iron  bases  on  the  steel  floor  plates.  Absolute  alignment  of  these  pumps 
is  of  prime  importance  and  their  successful  operation  will  depend  more 
upon  this  than  any  other  one  factor. 

The  curves  in  Figs.  11,  12,  13  and  14  have  been  prepared  from  the 
foregoing  data  in  order  to  show  pump  characteristics  at  different  speeds. 
With  a  variation  in  frequency  of  the  prime  movers  from  55  to  65  cycles, 
a  variation  in  pump  output  in  gallons  per  minute  can  be  obtained  which 
will  probably  be  within  the  limits  required  during  normal  pumping 
operations,  which  is  at  present  between  3,000  and  3,250  gal.  per  minute. 
Because  of  the  flat  character  of  the  speed-capacity  curves  shown,  the 
importance  of  supplying  a  constant  frequency  for  uniform  pump  output 
is  clearly  indicated. 

The  maximum  continuous  output  of  the  pumps  will  be  limited  by  the 
overload  capacity  of  motors,  which  will  probably  be  25  per  cent.  This 
point  is  indicated  on  the  curves. 

Because  of  the  slight  difference  in  head-capacity  curves  of  the  three- 
stage  and  six-stage  pumps,  adjustment  between  pumps  on  12th  and  16th 
levels  can  be  made  with  their  discharge  valves  in  order  to  pump  equal 
quantities  of  water. 
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[subject  to  bevisionI 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Pittaburg  meeting,  October,  1014,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writins  may  be  sent  to  the  Editor,  American  Institute  of  Mining.  Engineers,  29  West 
3Qth  Street,  New  York,  N.  V.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  disciission  of  this  paper  will  dose  Deo.  1, 1014.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Coal-Mine  Ezplosions  Caused  by  Gas  or  Dust 

BT  HOWARD  N.  EAVENSON,  OABT|  W.  VA. 
(Pitteburg  Meeting.  October,  1014) 

In  a  discussion  in  the  Transactions  of  the  Institute  (vol.  xl,  page 
835  et  seq.)  the  writer  gave  some  data  about  explosions  of  gas  and  dust  in 
the  coal  mines  of  the  United  States,  Canada,  and  Mexico,  among  which 
was  a  table  showing  all  explosions  in  the  countries  mentioned,  in  which 
five  or  more  fatalities  occurred,  which  had  been  reported  from  Oct.  2, 
1871,  to  Mar.  28, 1908.  Since  the  date  of  publication  of  this  discussion,  as 
opportunity  has  presented,  this  table  has  been  extended  by  the  addition 
of  explosions  occurring  since  that  time,  by  including  several  explosions 
which  occurred  prior  to  1871,  and  by  adding  to  the  list  all  explosions  of 
gas  or  dust  in  which  less  thati  five  fatalities  occurred,  this  having  been 
done  by  a  search  through  the  various  mine  reports,  partly  by  the  author 
and  partly  by  the  Librarian  of  the  United  Engineering  Societies,  and  by 
correspondence  with  mine  inspection  officials  of  the  various  States,  to 
all  of  whom  acknowledgment  of  assistance  is  made.  The  accompany- 
ing list.  Table  I,  is  believed  to  be  as  nearly  correct  as  such  a  statement 
can  be  made,  and,  while  only  extending  to  Dec.  20,  1912,  contains  all  of 
the  data  now  available  in  reports. 

An  analysis  of  Table  I,  showing  the  occurrence  by  months  of  all  ex- 
plosions of  gas  or  dust,  including  those  in  which  less  as  well  as  those  in 
which  more  than  five  fatalities  occurred,  is  given  in  Table  II. 

The  statements  are  frequently  made,  in  technical  papers,  that  the 
number  of  explosions,  particularly  the  larger  ones,  is  increasing  more 
rapidly  than  the  number  of  mines,  and  that  the  number  of  fatalities 
caused  by  mine  explosions,  particularly  the  more  disastrous  ones,  is 
increasing  faster,  proportionally,  than  the  production  of  coal.  To  in- 
vestigate the  correctness  of  these  statements  Table  III  was  prepared,  in 
which  the  number  of  accidents  and  fatalities  is  taken  from  Table  I,  using 
those  in  the  United  States  only,  on  account  of  lack  of  other  data  for  Canada 
and  Mexico;  the  production  is  from  the  records  of  the  U.S.  Geological 
Survey,  and  the  number  of  mines,  from  1909,  from  the  same  source; 
previous  to  1909,  the  number  of  mines,  for  the  decennial  periods,  was 
furnished  by  the  U.  S.  Census  records. 

It  had  been  the  writer's  intention  to  prepare  similar  data  for  European 
mines,  but  after  considerable  correspondence  and  labor  this  has4)een  found 
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impossible  without  convenient  access  to  the  records,  which  he  has  been 
unable  to  have.  From  the  files  of  the  Colliery  GuardiaUj  and  from  the 
editor  of  that  paper,  a  great  deal  of  data  about  British  explosions  was 
obtained;  for  the  years  1889  to  1904,  inclusive,  the  tables  showing  maxi- 
mum and  minimum  temperatures,  barometer  readings,  etc.,  published 
in  the  Proceedings  of  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers y  vol.  xxix,  et  seq.,  gave  complete  data  for  all  explosions; 
those  between  1658  and  1841,  inclusive,  were  obtained  from  Appendix  E, 
Report  of  South  Shields  Committee  to  Investigate  the  Causes  of  Accidents 
in  Coal  Mines,  by  James  Mather,  Secretary. 

The  complete  list  is  contained  in  Table  IV.  It  is  believed  to  be  cor- 
rect for  those  explosions  in  which  more  than  five  fatalities  occurred,  but 
is  incomplete  for  those  in  which  less  than  this  number  were  killed. 

An  analysis  of  Table  IV,  showing  the  occurrence  of  the  various  kinds 
of  explosions  by  months,  is  shown  in  Table  V. 

Through  the  courtesy  of  J.  Taffanel,  of  Lievin,  France,  Mr.  Lemaire 
prepared  for  the  writer  a  list  of  the  recorded  explosions  in  French  and 
Belgian  mines,  that  for  the  French  mines  covering  the  period  from  1814 
to  1903,  inclusive,  no  later  data  being  available,  and  for  the  Belgian  mines 
from  1887  to  1909,  inclusive. 

The  list  of  French  explosions  is  given  in  Table  VI,  and  the  analysis 
showing  the  occurrence  by  months  of  the  various  kinds  of  explosions  in 
Table  VII. 

The  list  of  explosions  in  Belgian  mines  is  given  in  Table  VIII,  and  the 
analysis  showing  occurrence  by  months  in  Table  IX. 

For  more  convenient  study,  the  data  shown  in  Table  III,  for  the  years 
since  1870,  when  our  modern  records  may  be  said  to  begin,  have  been 
grouped  into  five-year  periods,  the  results  being  shown  in  Table  X.  Too 
much  weight  must  not  be  attached  to  the  "Accidents  per  mine"  columns, 
as  prior  to  1909  the  number  of  mines  is  obtained  from  census  reports  and 
it  is  evident  that  a  "mine"  did  not  have  the  same  meaning  in  each  case, 
as  the  difference  in  number  of  mines  reported  in  1880  and  in  1889  will 
show.  The  number  of  mines  for  each  five-year  period,  of  course,  is  inter- 
polated from  the  data  in  Table  III. 

Conclusions 

From  the  data  given,  the  following  conclusions  are  evident: 
1.  In  North  America,  minor  explosions,  or  those  in  which  less  than 
five  fatalities  occurred,  happen  most  frequently  in  October,  November, 
December,  January,  and  March,  although  nearly  as  many  have  happened 
in  June  as  in  March;  those  in  December,  January,  and  February  are  above 
the  average  in  fatalities,  as  are  also  those  in  May  and  July,  those  occurring 
in  May  having  a  slightly  greater  average  fatality  than  even  those  of 
December. 
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Serious  explosions,  or  those  in  which  more  than  five  lives  have  been 
lost,  have  happened  most  frequently  in  January,  February,  March,  April, 
and  November.  Contrary  to  the  usual  belief,  the  number  of  explosions 
in  December  has  been  slightly  below  the  average,  although  their  intensity, 
and  the  number  of  lives  lost,  have  been  considerably  greater  than  those 
of  any  other  month.  January,  February,  and  May  are  also  above  the 
average  in  the  number  of  fatalities  per  explosion,  May  being  next  to 
December  in  this  respect. 

For  all  explosions  of  gas  or  dust,  January,  March,  November,  October, 
and  December,  in  the  order  named,  are  above  the  average  in  number  of 
explosions;  in  number  of  fatalities  per  explosion.  May,  December,  Febru- 
ary, January,  and  March  are  above  the  average.  For  all  explosions, 
therefore.  May  exceeds  any  of  the  winter  months  in  number  of  fatalities 
per  explosion. 

2.  In  the  coal  mines  of  the  United  States,  the  total  number  of  accidents 
and  of  fatalities  due  to  explosions  of  gas  or  dust  has  been  steadily  increas- 
ing ;  there  has  been  a  slight  increase  in  the  number  of  accidents  and  a  more 
decided  increase  in  the  number  of  fatalities  per  million  tons  produced; 
the  serious  explosions,  causing  five  or  more  fatalities  each,  have  been 
steadily  increasing  in  actual  number  and  number  of  fatalities,  as  well  as 
in  number  of  accidents  and  of  fatalities  per  million  tons  produced;  the 
number  of  accidents  per  mine,  both  serious  and  totals  also  shows  a  steady 
increase.  It  is  therefore  true  that  we  have  more  explosions,  and  more 
serious  ones,  both  actually  and  in  relation  to  our  number  of  mines  and 
production,  than  we  had  years  ago. 

3.  In  the  coal  mines  of  Great  Britain,  minor  explosions,  so  far  as  our 
records  show,  have  occurred  most  frequently  in  the  months  of  August, 
October,  May,  March,  and  September,  while  those  in  April,  May,  August, 
November,  March,  and  July  are  above  the  average  in  number  of  fatalities 
per  explosion.  Serious  explosions  have  occurred  most  frequently  in 
December,  October,  November,  and  March,  while  those  in  June,  Decem- 
ber, July,  February,  and  May  have  been  of  more  than  average  intensity. 
For  all  explosions,  August,  October,  December,  March,  May,  and  Novem- 
ber are  above  the  average  in  number,  and  December,  June,  July,  February 
are  above  the  average  in  intensity.  By  far  the  largest  number  of  fatali- 
ties has  occurred  in  December,  June  being  second  in  this  respect. 

4.  In  the  coal  mines  of  France,  from  1814  to  1904,  minor  explosions 
have  occurred  most  frequently  in  July,  August,  February,  April,  May,  and 
January  and  have  been  of  more  than  average  intensity  in  April,  December, 
July,  February,  August,  and  October.  Serious  explosions  have  been 
above  the  average  in  frequency  in  August,  April,  July,  and  March,  and 
in  intensity  in  January,  September,  December,  July,  November,  and 
October.  For  all  explosions,  July,  August,  April,  and  May  are  above  the 
average  in  nimiber,  and  December,  January,  November,  July,^  March, 
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October,  and  September  in  intensity.    By  far  the  largest  number  of  both 
accidents  and  fatalities  have  occurred  in  July. 

5.  In  the  coal  mines  in  Belgium,  1891  to  1909,  minor  explosions  oc- 
curred more  frequently  than  the  average  in  June,  May,  and  July,  and  in 
March,  January,  February,  April,  and  June  were  of  more  than  average 
intensity.  Serious  explosions  occurred  most  frequently  in  May,  March, 
and  July  and  were  of  more  than  average  intensity  in  March.  For  all 
explosions.  May,  July,  and  June  are  above  the  average  in  number  and 
March  in  intensity.  By  far  the  largest  number  of  fatalities  occurred 
in  March. 


Table  I. — Mine  Explosions  Supposed  to  be  Caused  by  Gas  or  Dudy 
Offictdliy  Reported  in  North  America 


Date 

1839-Maroh  18, 

ISfii-May  16, 

1855-May  10. 

1869-Aug.  6, 
Doe.  18, 

187(>-Feb.  11, 
May  28, 
Oct.  18, 
Oot.  20, 
Deo.  13, 
Deo.  18, 

1871-^an.  4, 
Jan.  4, 
Jan.  23. 
April  14, 
April  15. 
June  3, 
June  18. 
July  22. 
Sept.  12, 
Sept.  26, 
Oct.  3, 
Oot.  14, 
Oot.  3, 

1872-Jan.  1, 
April  10, 
April  17, 
April  25, 
Aug.  14, 
Sept.  1, 
Sept.  1, 
Sept.  27, 
Oct.  14, 
Nov.  8, 
Doc.  12, 

1873-Jan.  28, 
Feb.  27, 
April  20. 
May  13. 

June  8, 
June  10, 
Sept.  6, 


Place 


Number  of 
Fatalities 

Black  Heath,  Va 

CheBterfield.  Va 

Midlothian.  Va 

Wadlingen.  Pa 

Mine  mil  Gap.  Pa 

Norwegian  Mine.  Pa 

Hein  A  Glaamire 

Phoenix  No.  3,  Pa 

St.  Clair  Mine.  Pa 

Beechwood.  Pa 

Beeohwood.  Pa 

Forestville.  Pa 

Ravensdalo.  Pa 

Revenue.  Pa 

Big  Lick,  Pa 

N.  Philadelphia  Mine,  Pa. . 

Live  Oak  Mine,  Pa 

Feeder  Dam  Mine,  Pa 

Swift  Greek  Mine.  Pa 

Pine  Forest,  Pa 

Buckville.  Pa 2 

Otto  Red  Ash,  Pa 5 

Beechwood.  Pa 2 

Otto  Red  Ash,  Pa 1 

Montilius,  Pa 1 

Thomaston.  Pa 1 

Locust  Run,  Pa 2 

Otto  Red  Ash.  Pa 2 

Lower  Ranch  Creek,  Pa. ...       2 
East  Pine  Knot  Mine,  Pa. .       1 

St.  CUir  Shaft,  Pa 1 

Diamond,  Pa 7 

Otto  White  Ash.  Pa 1 

Otto  White  Ash,  Pa 2 

Daniel  Webster  Mine.  Pa. .       1 

St.  Clair  Shaft,  Pa 2 

Daniel  Webster  Mine,  Pa.. .       1 

New  Kirk,  Pa 1 

Intercolonial  Coal  Co., 

N.  8 66 

Glen  Dower,  Pa 1 

Henry  Clay,  Sharookin,  Pa.     10 
Eagle  HiU  Mine,  Pa 1 


TN  X  ni  Numbsr  of 

Date  Place  „  ^  ..^. 

FatahtMf 

1873-Oct.  10,  Gilberton  Mine,  Pa 

Oct.  11,  GiU>erton  Mine.  Pa 

Nov.  10,  PUnk  Ridge  Mine.  Pa 

Nov.  36,  Honey  Brook  Mine,  Pa 

1874-April  12.  Big  Mine  Run.  Pa 

April  14.  Anchor  Mine,  Pa 

Juno  3.  Tunnel  No.  8  Mine.  Pa 

June  8.  Ravensdale  Mine.  Pa 

Juno  23.  Beechwood  Mine.  Pa 

July  27.  Anchor  Mine.  Pa 

Sept.  2,  Shenandoah  City.  Pa 

Sept.  26,  Treverton  Mine.  Pa 

Sept.  28.  Anohor  Mine.  Pa 

Oct.  23,  Big  Mountain  Mine.  Fa.. . ■ 

Oct.  26.  Mariam  Mine.  Pa 

Nov.  2.  Buckville.Pa 

Nov.  10,  Mine  Hill  Gap  ^fine,  Pa. . . 

Deo.  1,  Girard,  Pa 

1876-Sept.  30,  Anohor  Mine,  Pa 

Sept.  30,  Hickory  Shaft  Mine,  Pa.... 

Oot.  12,  Keystone  Mine.  Pa 

Deo.  6.  EUangoan  Mine.  Pa 

Deo.  12.  Hickory  Shaft  Mine.  Fa  . . . 

Dec.  13.  Hickory  Shaft  Mine.  Fa  . . . 

1876-Jan.  20.  Foxestville.  Pa 

Jan.  28.  Parsons  Spring,  Pa 

Feb.  12,  Exeter.  West  Pittoton,  Pa .. 

1876-Feb.  23.  Black  Mine.  Pa 

March.  Exeter.  West  Pittston,  Pa. . 

May  20,  Midlothian,  Va 

June  2.  Phoenix  No.  2.  Pa 

June  6,  Phoenix  No.  2.  Pa 

June  8.  Phoenix  No.  2.  Pa 

June  20.  Phoenix  No.  2,  Pa 

July  24.  Blaok  Diamond,  Cal 

Oct.  24,  Anchor.  Pa 

Oct.  31.  Hickory  Shaft.  Pa 

Nov.  6,  Hickory  Shaft,  Pa 

Nov.  20.  Plymouth.  Pa 

Deo.  2.  Henry  Colliery,  Pa 

1877-March  16,  Mine  HiU  Gap.  Pa 

JuneO.  Wadesvillo.  Pa ^ 

1878-Jan.  16.  Potts  CoUiery.  Pa ^ 
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Date 

1878-Feb.  28. 

AprUS, 

May  21, 

Jiine  16, 

Nov.  16. 

Not.  21, 
187&-Jan.  1, 

March  4. 

May  28. 

June  20. 

July  21. 

Oct.  2. 

Nov.  6, 
188a-April  8. 

May  3. 

May  8, 

Nov.  27, 
ISdl-Jan.  8. 

Jan.  14. 

Feb.  10. 

March  4. 

March  5, 

April  11. 

May  7, 

Sept.  6. 
1882-Feb.  3. 

March  26. 

May  24. 

June  16. 

July  31. 

Sept.  6, 

Sept.  6. 

Sept.  26, 

Oct.  27. 

Nov.  20. 
1883-Jan.  0. 

Jan.  16. 

Feb.  26. 

March  12, 
March  22. 
April  10. 
May  4. 
May  0, 
May  21. 
May  23. 
May  24. 

June  6, 
July  23, 
Oct.  29, 
Nov.  6. 
Dec.  13, 
1884-Jan.  24. 
Feb.  21. 
March  13, 
April  14, 
May  30. 
Aug.  20, 
Oct.  24, 


Place 


Number  of 
Fatalities 

Preston  Colliery,  Pa 1 

Keystone,  Pa 2 

Sydney,  N.  S 6 

Short  Mt.  Slope.  Pa 1 


Merriam  Colliery,  Pa. 

Sullivan,  Ind 

Beechwood.  Pa 

Hausch  Creek,  Pa 

Wyoming,  Pa 

MiU  Creek,  Pa 

Beechwood,  Pa 

Thomaston,  Pa 

Audenreid,  Pa 

Preston  No.  2,  Pa 

Henry  Clay  Shaft,  Pa. 
Lykens  Valley  Slope,  Pa.. 
Cameron,  Pa 


Twin  Shaft,  Pitteton,  Pa . . .  1 

Robbins.  Ohio 6 

Almy,  Wyoming 38 

Shaft  No.  2,  Nanticoke,  Pa.  6 
Van   Storoh   Slope,   Provi- 
dence, Pa 1 

Central  Shaft,  Hyde  Park, 

Pa 1 

No.  4  Shaft,  Pa 2 

Midlothian,  Va 32 

Laurel  Run  Slope,  Pa 1 

Eohinoor  Colliery,  Pa 6 

Stanton  Air  Shaft,  Pa 2 

West  Penna.,  Pa 1 

Wyoming  Shaft,  Pa 1 

Conyngham,  Pa 2 

Dodson  Shaft,  Pa 2 

Pine  Ridge  Shaft,  Pa 2 

Mahanoy  City.  Pa 1 

CoulterviUe,  111 10 

Packer  No.  4,  Pa 3 

Mt.  Pleasant  Slope,  Scran- 
ton,  Pa 1 

W.  Penn,  Pa 1 

Packer  No.  2.  Pa 2 

Keystone  Colliery.  Pa 4 

Dorranoe,  Pa 2 

No.  2  Shaft,  Nanticoke.  Pa.  1 

Mineral  Spring,  Pa 2 

Cameron  Colliery,  Pa 1 

Fair  Lawn  Slope,  Scranton, 

Pa 3 

Luke  Fidler  Colliery,  Pa... .  1 

No.  1  Shaft.  Nanticoke,  Pa  1 

No.7Shaft,Pa 2 

Enterprise,  Pa 1 

Eagle  Shaft,  Pittston.  Pa.. .  1 

Crested  Butte,  Colo 69 

Leisenring,  No.  2,  Pa 19 

Pocahontas,  Va 114 

Lovedale,  Pa 2 

Tunnel,  Pa 1 

Greenback,  Pa 7 

Youngstown,  Pa 14 


Date 

1884-Dec.  8, 

1886-Feb.  2, 
Feb.  17, 
Feb.  18, 
June  4. 
Oct.  21, 

1886-Jan.  13, 
Jan.  21. 

1886-Maroh  8, 
Aug.  30, 
Oct.  28, 
Nov.  26, 

1887-April  2. 

AprU4. 
June  23, 

Oct.  26, 
1888-March  29, 
Nov.  6. 
Nov.  7. 
Nov.  9, 
Dec.  3, 
Dec.  10, 
1889-Jan.  23, 
Feb.  5, 
April  14, 

April  23, 
May  10, 

June  10. 
July  24, 
Aug.  22. 
Sept.  2. 
189a-Jan.  29, 
Feb.  1, 
Mar.  8, 

AprU  2, 
May  16, 
May  17. 
Sept.  14. 

July  25, 
1891-Jan.  2, 
Jan.  3, 
Jan.  14. 

Jan.  14. 
Jan.  16. 
Jan.  16. 
Jan.  21, 
Jan.  27, 
Feb.  21, 
May  7, 
May  8, 

Aug.  3, 
Aug.  20, 
Oct.  2, 
Oct.  8, 


Place 


Number  of 
Fatalities 

Henry  Clay  No.  1,  P 4 

Savanna,  I.  T 6 

Hillman  Vein,  Pa 2 

Vale  CoUiery.  N.  S 13 

No.  4  Slope.  Nanticoke,  Pa.  3 

Plymouth,  Pa 6 

Almy,  Wyoming 13 

Newburg,  W.  Va 39 

Uniondale,  Pa 7 

Fair  Lawn  Colliery,  Pa 6 

Greenridge,  Pa 1 

Conyngham,  Wilkes-Barre, 

Pa 12 

Slope  No.  3,  Luseme  Co., 

Pa 1 

Savanna,  L  T  18 

Slope  No.  4,  Luaerne  Co., 

Pa 3 

Nottingham,  Pa 1 

RiohHiU,  Mo 26 

StarkviUe  No.  2,  Colo 2 

Kettle  Creek,  Pa 17 

Frontenac,  Kan 40 

Newcastie,  Colo 8 

Coal  Creek  No.  2,  Colo 2 

Slope  No.  4.  Nanticoke,  Pa .  2 
Shaft  No.  l.EdwardBdale,Pa.     1 
No.  3  CoUiery,  W.  Nanti- 
coke, Pa 2 

Shaft  No.  2,  Nanticoke,  Pa.  1 

Powers  Mine,  Pa 4 

Greenridge  Slope,  Pa 1 

Central  Shaft,  Scranton,  Pa.  2 

Olyphant  No.  2.  Pa 4 

Jersey  No.  8,  Ashley,  Pa . . .  1 

Como  No.  6,  Colo 1 

Nottingham  Colliery,  Pa. . .  8 
Shaft    No.  8,    S.  Wilkes- 
Barre,  Pa 8 

Slope  No.  4,  Nanticoke,  Pa  6 

Jersey  No.  8,  Ashley,  Pa. .  28 

Empire,  Pa 2 

Shaft  No.  4,  Edwardsdale, 

Pa 1 

Lincoln,IU 1 

Staunton,  111 1 

Centralia.  Pa 1 

Centralia  No.  1,  Nanticoke. 

Pa 2 

Luke  Fidler,  Pa 2 

Bast,  Pa 1 

Lincoln,  III 2 

Mari8sa.Ill 3 

Mammoth,  Pa 109 

SpringhiU  Mines,  N.  S 125 

Ocean,  W.Va 4 

No.  10  Colliery  Lehigh  C. 

M.  Co.,  Pa 4 

West  Fairmont,  W.  Va 1 

Nottingham,  Pa 1 

York  Farm,  Pa 1 

Richardson,  Pa 7 
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Mine  Explosions — Continued 


Date 

1891-Oct.  16, 
Oct.  24, 
Nov.  6, 
Nov.  8. 
Deo.  26, 

1892-Jan.  4, 
Jan.  7, 
Jan.  18, 
Jan.  22. 
Jan.  30, 
Feb.  20, 
Maroh  9, 
May  10, 
May  81, 
July  13, 
July  13, 
July  14, 

July  23, 
Sept.  28, 
Oct.  4, 
Oct.  8, 
Nov.  8. 
Deo.  21, 
Deo.  27, 
1893-Jan.  10, 
Feb.  14, 
March  2, 


Place 


Number  of 
Fatalities 

Merriam,  Pa 1 

Coal  Ridge  Mine,  Colo 2 

New  Boston.  Pa 1 

Shaft  No.  1,  Nanticoke,  Pa.     12 

Cameron,  Pa 1 

Primrose,  Pa 1 

Krebs,  Ind.  Ter 67 


Glendon,  Pa 

Packer  No.  2,  Pa 

Shaft  No.  1,  Lee  Vein.  Pa. 

Packer  No.  3,  Pa. 

Alden,  Pa 


3 
1 
3 
2 
8 

Roslyn.  Wash 45 

West  End,  Pa.. 4 

Hillman  Vein,  Pa 1 

Jersey  No.  8,  Pa 4 

Shaft  No.  1,  Edwardsdale, 

Pa 2 

York  Farm,  Pa 16 

Woben  Mine,  Colo 2 

Plymouth,  Pa 1 

Shaft  No.  2,  NanticokjB,  Pa.  3 

Pekay  Mine,  Iowa 3 

Parrish,  Pa 1 

Avondale,  Pa 3 

Como,  Colo 24 

Cedar  Mine,  Iowa 8 

Glen  Lyon,  Pa 1 

Maroh  27,  Shaft  No.  1,  Nanticoke,  Pa.  6 
April  5,      Shaft  No.  4,  EdwardsviUe. 

Pa. 6 

April  7,       Big  Mt.  Mine,  Tenn 5 

June  22,     Susquehanna  No.  1,  Nanti- 
coke, Pa 5 

Sept.  19,     Dorrance,  Pa 1 

Sept.  21,     Plymouth,  Pa 6 

Oct.  20,      Shaft  No.  3,  Edwardsdale, 

Pa 1 

.  Dec.  22,     Krebs  No.  11,  Ind.  Ter 3 

Dec.  26,      Nottingham,  Pa 1 

1894-Feb.  20,      Indian  Ridge,  Pa 1 

Maroh  7,    Hillman  Vein,  Pa 1 

March  15,  Lawrence,  Pa 1 

March  20,  Nottingham,  Pa 2 

May  1,       Packer  No.  5,  Pa 2 

Wimstown,  Pa 1 

Merriam,  Pa. 1 

Bear  Ridge,  Pa 1 

W.  Pqnn,  Pa 3 

Nottingham,  Pa 1 

Girard.  Pa 2 


May  9, 
May  10, 
May  14, 
May  14, 
May  28. 
June  23, 
July  16, 
July  16, 
July  24, 
July  25, 
Aug.  16, 
Aug.  18. 
Aug.  24, 
Aug.  24, 
Oct.  9. 
Nov.  20, 
Nov.  27, 


Wimstown,  Pa 

Henry  Clay,  Pa 

Stanton,  Pa 

Phoenix  No. .1,  Ohio.. 
North  Nanticoke,  Pa.. 


MapleHiU,Pa 2 

GUberton,  Pa 

Shenandoah,  Pa 

Coal  Creek  Mine,  Wash. . . . 

Blanche,  W.  Va 

Jack  Oak  Mine,  Colo 


Date 

1894-Deo.  3, 
1895-Jan.  22, 
Feb,  18. 
Feb.  21. 
Feb.  27, 
March  4, 
March  20, 
April  8, 
April  17. 

May  10, 
July  6, 
July  9, 
Aug.  16, 
Oct.  7. 
Oct.  19, 
Oct.  31, 
Dec.  12. 
Dec.  19, 
Deo.  20, 
189&TFeb.  18, 
March  23, 
March  25, 

April  1, 

April  27. 
May  10. 

May  26, 
June  8, 
July  -, 
Aug.  11, 
Aug.  15, 
Aug.  19, 

Oct.  29, 

Dec.  26, 
1897-Jan.  4, 
Feb.  12, 
Maroh  3, 
Maroh  3, 
March  9, 
Maroh  22, 
Maroh  23, 
March  28. 
April  16, 
May  5, 
,  May  7, 
'  June  12, 
June  24, 
July  20, 
Julyj26, 
Aug.  25. 

Sept.  3, 
Sept.  23, 
Sept.  23, 
Sept.  27, 
Oct.  2, 
Oct.  5. 
Oct.  18, 


PUoe 


Number  of 
Fatalities 

Dorrance,  Pa. 1 

Sturgis,  Ky 5 

Bear  Ridge,  Pa. 5 

WestPenn,  Pa. 1 

White  Ash  Mine,  N.  M.. . .     24 

Packer  No.  4.  Pa 1 

Red  Canyon,  Wyo 60 

Blue  Canyon.  Wash 23 

South  No.  1  Shaft,  NanO- 

ooke.  Pa 

Sopris  Mine,  Colo 

Glen  Lyon,  Pa. 

T.  C.  I.  A  R.  R.  No.  1,  Ala. 

Hammond,  Pa 

Dorrance,  Pa. 

Knickerbocker,  Pa 

Hillman  Vein,  Pa. 

Indian  Ridge,  Pa 

Cumnook,  N.  C 39 

Dayton.  Tenn 25-« 

New  Castle,  Colo 

Berwinsdale,  Pa 

Shaft  No.  1,  Edwardsdale, 

Pa 

Shaft  No.  9,  Sugar  Noteh. 

Pa 

Alderson,  Ind.  Ter 

Glenwood,  Ohio 

Alderson,  Ind.  Ter 

Alderson,  Ind.  Ter 

Woodward,  Pa .*. 

Dodson,  Pa. 

Franklin,  Pa 

Baltimore  No.   2,  Wilkes- 

Barre,  Pa.. 

Shaft  No.  3,  S.  Wilkea-Barre. 

Pa 

Princeton,  Ind 

Alderson.  Ind.  Ter 

Stanton,  Pa. 

Middle  Creek,  Pa 

William  A.,  Pa 

Dickson,  Pa 

!.Lytle.  Pa. 

l,W-Penn,  Pa 

,  Jermyn  No.  1,  Pa. 

Monarch  Coal  Co..  Ky 

Buttonwood,  Pa 

Auohineloss,  Pa 

Phoenix  Shaft,  Duryea,  Pa. . 

Marion,  Pa 

Gowen,  Ind.  Ter 

St.  Nioholss.  Pa 

Shaft  No.  1,  Edwardsdale, 

Pa 

Sunshine,  Colo 

Packer  No.  4,  Pa 

Shenandoah,  Pa. 

Alderson,  Ind.  Ter 

Pettibone  Shaft,  Pa 

Parrish.Pa 3 

Harry  E.  Shaft.  Pa. 1 
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Mine  Explosioris — Continued 


Data 

1897-^ct.  14, 
Nov.  16. 
,Deo.  6, 
Dec.  27, 

1898-Jan.  5. 
Jan.  17, 
Jan.  28. 
Feb.  9, 
Feb.  12, 
Feb.  14, 
Feb.  28. 
Feb.  28, 
March  19. 
March  22, 
May  26, 
June  15, 
June  16, 
July  6, 
July  5, 
Aug.  8, 
Auff.  15. 
Aug.  Id. 
Aug.  19» 
Aug.  26. 
Sept.  15. 
Sept.  21. 
Sept.  23, 
Sept.  23, 
Oct.  17.  . 
Nov.  8, 
Nov.  26, 
Dec.  6, 
Deo.  7. 
Deo.  15, 
Dec.  19, 
Dec.  23, 
Dec.  24, 

1899-Jan.  17, 
Jan.  25, 
Jan.  28, 

Feb.  21, 
March  1, 
March  9. 
March  13, 
April  21. 
April  22, 
April  27, 
Mays. 
May  7, 
May  23. 
June  16. 

June  22, 
July  24. 

July  24. 
Aug.  17. 
Aug.  21. 
Sept.  1, 
Oct.  9. 
Oct.  23. 


Place 


Kaaka  William,  Pa 

Parriah,  Pa 

Clear  Spring  Shaft.  Pa. . . . 

Bellevue  Shaft,  Pa. 

Avondale,  Pa 

Shaft  No.  4.  Plymouth.  Pa 
Alden,Pa 


Number  of 

Fatalities 

4 


1 
1 
1 
3 
2 
1 

Dodaon,  Pa 2 

Gowen.  I.T 1 

Woodward  No.  1,  Pa 1 

Alderson.  I.  T 2 

Rockwood  Mine,  Tenn 1 

T.  C.  I.  St  R.  R.  No.  2,  Ala..  6 

Manown,  Pa. 1 

Hargrove,  Ala 2 

Henry  £.  Shaft,  Pa 1 

Parriflh,  Pa 1 

Glen  Lyon,  Pa 1 

Seneca  Slope,  Pa 1 

Williamston,  Pa 2 

Newcastle.  Ala 2 

Hartahome.  L  T 1 

Maxwell.  Pa 1 

Shaft  No.  1.  Nanticoke.  Pa.  1 

Shaft  No.  2,  Nanticoke,  Pa.  3 

Cameron,  Pa 1 

Wilburton,  I.  T 1 

ErownaviUe,  Pa 8 

Forty  Fort,  Pa 1 

Schovley  Shaft,  Pa 1 

Preston  No.  8,  Pa 1 

No.  4  Shaft.  Pa. 1 

Luke  Fidler,  Pa 3 

Rush  Run,  W.  Va 1 

Hollenbaok,  Pa 1 

Exeter,  Pa 1 

Luke  Fidler,  Pa 2 

Shaft  No.  5.  Plymouth,  Pa.  1 

Oilberton.  Pa 2 

Shaft  No.  1,   Edwardsdale. 

Pa 2 

Blocton  No.  2,  Ala 5 

Shaft  No.  5.  Plymouth,  Pa.  1 

Mahanoy  City,  Pa 8 

Turkey  Run,  Pa. 1 

Madrid.  New  Mexico 5 

Ola.  LT 2 

Woodward  No.  2,  Pa 1 

Maple  HiU.  Pa 1 

Morgan  Slope.  Wash 1 

Cumnock.  N.  C 23 

Dominion  Colliery  No.  4. 

N.  S 11 

MaxweU.Pa 1 

Shaft  No.  4.  Edwardsdale, 

Pa 1 

Grindstone,  Pa 5 

Shenandoah  City,  Pa 1 

Red  Star.  W.  Va 1 

Gaston,  W.  Va 1 

Elm  Grove,  W.  Va 1 

Nottingham,  Pa 1 


Date 

1899-Oct.  28. 
Oct.  26, 
Dec.  9, 
Dec.  15, 
Deo.  23, 

1900-Jan.  15, 

Jan.  22, 

Feb.  19, 

.  Feb.  21. 

March  6. 
March  9, 
March  21, 
March  26, 
March  26, 
May  1, 
June  4, 
June  7, 
June  8, 
June  12, 
July  9, 
July  31. 
Aug.  11. 

Aug.  27. 
Sept.  6. 
Oct.  3, 
Oct.  10. 
Oct.  22, 
Nov.  1, 
Nov.  2, 
Nov.  5, 
Nov.  7, 
Nov.  9. 
Nov.  30. 
Dec.  5. 
Dec.  6. 
Dec.  14. 
Dec.  18, 
1901^an.  3. 
Jan.  3, 
Jan.  3, 

Jan.  5, 
Jan.  27, 
Feb.  15, 
Feb.  28, 
March  5, 
March  25, 
March  26, 
April  9, 
April  29, 
May  15, 
May  20, 
May  27, 
June  10, 
July  2, 
July  29, 
Aug.  16, 
Aug.  29, 
Aug.  30, 
Sept.  11, 


Place 


Number  of 

FataUties 

1 


Stanton,  Pa. 

Alderson,  I.  T 1 

Carbonado,  Wash 31 

01a,LT 1 

43ummer,  Pa.  (Braanell)..   .  19 

No.  3,  So.  Wilkes-Barre.  Pa.  2 

Marvine.  Pa 1 

Bottom  Creek.  W.  Va. 1 

Black    Diamond.    No.    14. 

Wash 1 

Red  Ash,  W.  Va 46 

Panooast,  Pa. 1 

Richmond  No.  8,  Pa 1 

Packer  No.  8,  Pa 2 

Hartshome,  I.  T 1 

Soofield,  Utah 200 

Warrior  Penn,  Pa 1 

Royal  Oak,  Pa 1 

Phoenix  No.  2,  Ohio 3 

Williamston,    Pa 2 

MaxweU  No.  20,  Pa 1 

No.  5,  So.  Wilkee-Barre,  Pa.  2 
No.  1  Shaft,  Lackawanna, 

Pa 1 

McAlester,  LT 2 

Stanton,  Pa 1 

Shaft  No.  1,  Kingston,  Pa  .  4 

Panama,  I.  T 2 

WitterviUe,  L  T 1 

Marvine,  Pa 2 

Berryburg.  W.  Va. 15 

Hartehome,  I.  T 1 

Alderson,  I.  T 1 

Buck  Mountain.  Pa 7 

MaxweU.Pa 1 

Luke  Fidler.  Pa 2 

Krebs,  LT 1 

McAlester.LT 1 

Henry  Clay,  Pa 1 

Laurel  Run  Slope,  Pa 3 

Delaware  Shaft,  Pa 1 

No.  2  Colliery,  Plymouth, 

Pa 1 

Cleveland  No.  4  Mine,  Iowa  2 

CoalCity.m 1 

.Union,  B.C 64 

Krebs,  LT 3 

Stanton,  Pa.. 2 

.Gates,  Pa 4 

,  Wanamie  No.  18.  Pa 1 

Wanamie  No.  18,  Pa 1 

Alderson,  I.  T 6 

Chatham,  W.Va 10 

Richland,  Tenn 20 

No.  4  Shaft,  Kingston,  Pa. .  1 

Port  Royal,  Pa 19 


Lookout  Shaft,  Pa. 
Wilburton,  I.  T.... 
Lance  No.  11,  Pa. . 

Dow,  LT 

Sugar  Notch  No.  9.  Pa . 


Stevens  Slope,  Pa 1 
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Date 

1901-Sept.  16, 
Oct.  2. 
Oct.  7, 
Oct.  26, 
Oct.  30, 

Oct.  31, 
Nov.  11, 
Dec.  3. 
Deo.  20, 
1002-Jaii.  4, 
Jan.  23, 

Jan.  24, 
Jan.  25, 
Jan.  31, 
Feb.  18. 
Feb.  26, 
March  6. 
March  31 
Aprils, 
May  19, 

May  20. 
May  22, 

July  10. 

July  27, 
Aug.  7. 
Sept.  2, 
Sept.  16, 
Sept.  22. 
Oct.  1, 
Nov.  2, 
Nov.  29, 
Deo.  8, 
Dec  27. 
1903^an.  6. 
Jan.  13. 
Jan.  14. 
Jan.  14. 
Jan.  10, 
Feb.  6. 
Feb.  25, 
March  12, 
March  13, 
March  14, 
March  15, 
April  13. 
April  16, 
May  12, 
May  18, 
May  21. 
May  21, 

May  29, 

June  17, 
June  19, 
June  22, 
June  22, 


Place 


Number  of 
Fatalities 

Spring  Gulch,  Colo 6 

Harry  £.  Shaft.  Pa 1 

Hartshomo.  I.  T 2 

B'uttonwood.  Pa ,..  6 

Twin  No.  1  Shaft.  Luieme 

Co..Pa 1 

Parriah,  Pa 2 

LabeUo.  Ohio 3 

Grindstone.  Pa 3 

01a.LT 4 

Cameron.  Pa 2 

Twin  Shaft.  No.  2.  Luseme, 

Pa 3 

Lost  Creek,  Iowa 20 

No.  4  Shaft,  Luserne,  Pa . . .  1 

Henry  Clay,  Pa. 1 

Hooking  Mine.  Iowa. 2 

Haileyville.  I.  T 2 

Cateburg,  Pa 5 

Dayton.  Tenn 16 

Wyonung  Shaft.  Pa 1 

Coal     Creek      (Fraterville). 

Tenn 184 

Colgate.  I.  T 2 

Femie.  B.  C 125 

Rolling   Mill  Mine.  Johns- 
town. Pa 112 

McCurtain.  L  T 2 

Bowen.  Colo 13 

Mt.  Lookout.  Pa 1 

Algoma.  W.  Va 17 

Stafford.  W.  Va 6 

LawBon,  Wash 11 

Locust  Run,  Ohio 3 

Luke  Fidler.  Pa 7 

Wilburton.  LT 1 

Little  Redstone.  Pa 4 

Alderson.  I.  T 1 

Bliss.  Pa 1 

Packer  No.  4,  Pa 2 

Taylor  Mine.  Pa 1 

Hartshome.  I.  T 1 

Old  Forge  No.  1,  Pa 1 

Mahanoy  City.  Pa 1 

Wilburton,  LT 2 

Livingston.  111. . , 3 

Warrior  Run,  Pa 1 

CardiflF,  lU 5 

Carbon.  L  T 6 

Carbon.  I.  T 3 

Ellangowan,  Pa 1 

Wilburton,  Pa 1 

Poos  Mine.  W.  Va 1 

No.  14  Shaft.  Luseme  Co.. 

Pa 1 

Bliss.  Pa 1 

Warrior  Run,  Pa. 2 

Blossburg,  N.  Mex 5 

Warrior  Run,  Pa 1 

Lehigh  C.  &  N.  Co.  No.  8. 

Pa 1 


June  29.     Clear  Spring,  Pa 1 


Data 

1903-June  30. 
June  30. 
July  2. 
July  15, 
Sept.  30, 
Oct.  6. 
Oct.  9, 
Nov.  18, 

Nov.  21. 
Nov.  24, 
Nov.  24. 
Nov.  28, 
Dec.  3, 

Dec.  12. 
Dec.  18, 

Deo.  21, 
Deo.  23, 
Deo.  30, 
1904-Jan.  5, 
Jan.  5, 
Jan.  8, 
Jan.  15. 
Jan.  25, 
Jan.  25, 
Feb.  6, 
Feb.  8, 
Feb.  12, 
Feb.  24. 
March  9. 
March  14, 
Maroh  15. 
April  6, 

April  17, 
April  20. 
June  20, 
June  25, 
Aug.  5, 

Aug.  19. 
Aug.  20, 
Aug.  23. 
Sept.  1, 
Sept.  17, 
Sept.  22, 

Sept.  28, 
Sept.  30, 
Oct.  26, 

Oct.  28. 
Nov.  10. 
Nov.  15. 
Nov.  18, 
Nov.  25, 
Dec.  7. 
Dec.  8. 

Deo.  16. 


Place 


Number  of 
FataKties 

Hanna,  Wyo 169 

Colgate,  LT 1 

Storrs  No.  1,  Pa. 3 

Union.B.C 16 


Avondale.  Pa 1 

So.  Wilkes-Barre.  Pa. 1 

Haileyville.  L  T 1 

Lehigh  C.  dk  N.  Co.  N^.  ^0. 

Pa. ! 1 

Ferguson.  Pa 17 


Century,  W.  Va. 3 

Henry.  W.  Va 1 

Stanton,  Pa 1 

No.  14  Shaft.  Luseme  Co.. 

Pa. 4 

Wilburton.  I.  T 1 

Big  Mountain.  Pa 1 

Flat  Top.  Ala 5 

Nottingham,  Pa. 1 

Exeter.  Pa 1 

Sutter.  Pa 2 

McCurtain,  I.  T...' 2 

Auchinoloss,  Pa 1 

Crows  Nest.  B.  C 7 

Corbin,  Pa 3 

Harwich.  Pa. 178 

Foster  Mine.  Iowa. 2 

Storrs.  Pa 2 

Buck,  LT 2 

MoAlester.LT 1 

Hillman  Slope.  Pa. 1 

Tunnel  Ridge.  Pa 2 

Tunnel  Ridge.  Pa 1 

Henry  No.  33.  W.  Va. 2 

No.  14  Shaft.  Luseme  Co.. 

Pa. 1 

Nixon.  Pa 1 

Steams.  Ey 5 

MaxweU.  Pa 1 

Kangley,  lU 1 

Pitteburg     dk  Eastern  No. 

2.  Pa 1 

Short  Mt..  Pa. 1 

Bumside.  Pa. 1 

Buck  Ridge.  Pa. 1 

Henry  Shaft.  Pa 1 

Primrose.  Pa 3 

No.  14  Shaft.  Luseme  Co.. 

Pa. 1 

Mt.  Jessop.  Pa. 1 

Sutter.  I.  T 1 

Oxford.    Lackawanna    Co., 

Pa. 4 

Tercio.  Colo 19 

Krabs.  LT 2 

Adkins.LT 1 

Crows  Nest,  B.  C 14 

Wilburton.  L  T 2 

Burnett.  Wash 17 

Penna.  Mine.  Northumber- 
land Co.,  Pa 1 

MoAlester.LT 1 
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Mine  Explosions — Continued 


Date 


Plaot 


Number  of 
Fatalities 
Oneida  No.  1.  Pa 2 


19(H-Dec.  10, 

Deo.  29,     Alderaon,  I.  T 1 

Deo.  29,     MoCurtaiii.  I.  T 1 

1905-Jan.  20,      ColKate,  I.  T 1 

Feb.  14,      Williamstown,  Pa 1 

Feb.  17,     Shenandoah  City.  Pa 1 

Feb.  20,     Virginia  City,  Ala Ill 

Feb.<d5,      MeAleeter,  I.  T 2 

Feb.ae,     WUooe.W.Va 7 

Maroh  5,    Barton  No.  13  Mine,  Iowa.  1 

March  11,  Park  Place.  Pa 1 

March  18,  Red  Aeh.  W.  Va 24 

Maroh  20,  Kingston.  Pa 1 

March  22,  Princeton,  Ind 9 


Aprils, 
Aprils, 
April  20, 
AprU20, 
April  27, 
April  27, 
April  30, 
Mays, 
May  15, 
June  2, 
June  19, 
June  26, 
/uly  6, 
July  6. 
July  12, 
July  16, 
July  16, 

July  18, 
July  20. 
July  24, 
Aug.  3, 

Aug.  19, 
Aug.  26, 
Sept.  12, 
Oct.  2, 
Oct.  5. 
Oct.  15, 
Oct.  19, 
Oct.  29. 
Nov.  4. 
Nov.  10, 
Nov.  15, 
Nov.  15. 
Nov.  16, 
Nov.  22, 
Nov.  23, 
Dec.  1, 
Dec.  7. 
Deo.  12, 
Dec.  13, 
Dec.  15, 
Deo.  21, 
1906-Jan.  2. 
Jan.  4. 
Jan.  15, 


Ziegler,  HI 53 

West  End,  Pa 1 

Mt.  Pleasant,  Pa 1 

Cabin  Creek,  W.  Va 6 

Maple  Hill,  Pa 2 

Dubois,  Pa 13 

Wilburton,  I.  T 13 

Seneca.  Pa 1 

Duquoln,  111 1 

Phosniz  Mine,  W.  Va 1 

Hartshome,  I.  T 1 

Harry  E.  Mine,  Pa 1 

Vivian,  W.Va 5 

No.  11  Shaft.  Pa 1 

Buck,  I.  T 2 

Lutie,  I.  T. 1 

Carlisle  Mine,  Fayette  Co., 

W.Va 2 

Lance,  Luaeme  Co.,  Pa. . . .  1 

Victoria  No.  2  Mine,  W.  Va.  1 

Mahanoy  City,  Pa 1 

Midvale  Slope,  Luieme  Co., 

Pa 1 

No.  6  Shaft,  Luseme  Co..  Pa.  1 

Phoenix  Park.  Pa 1 

Boston  Run,  Pa 1 

Brookside.  Pa 1 

No.  14  Shaft.  Pa 1 

JohnsviUe,  I.  T 2 

Silver  Creek.  Pa 1 

Haselkirk.  Pa 6 

Vivian,  W.  Va 7 

Buck  Run.  Pa 1 

Penn,  Pa 1 

Bentleyville.  Pa 6 

Hughee,  L  T 1 

Wilburton,  I.  T 2 

Stevens,  Pa 1 

Diamondville,  Wyo 18 

MaxweU,  Pa 1 

Buck  Mt.,  W.  Va 1 

Luke  Fidler.  Pa 4 

Harry  E.  Mine.  Pa 1 

Mt.  Lookout,  Pa 1 

Wanamie  No.  18.  Pa 1 

Coaldale,  W.  Va 22 

No.  14  Tunnel,  Luserne  Co., 

Pa. 2 


Date 

1906-^an.  18, 
Jan.  24, 
Jan.  29, 
Feb.  1, 
Feb.  8, 
Feb.  19, 
Feb.  27, 
Maroh  3, 

Maroh  4, 
Maroh  21, 
Maroh  22, 
April  10, 

April  22. 
May  7, 
May  14, 
June  9, 
June  II. 
June  12, 
June  18, 
June  19. 
June  21, 
July  2. 
July  16, 
July  19, 
July  20, 
Aug.  1, 
Aug.  6, 
Aug.  21, 
Aug.  23, 
Sept.  6, 
Oct.  2, 
Oct.  3, 
Oct.  5, 
Oct.  12, 
Oct.  18, 
Oct.  19. 

Oct.  24. 
Oct.  25, 
Oct.  27, 
Nov.  7. 
Nov.  13, 
Nov.  21, 
Nov.  26, 
Dec.  6, 
Dec.  6, 
1907-^an.  3, 
Jan.  17, 
Jan.  18, 
Jan.  23, 
Jan.  26, 
Jan.  29, 
Jan.  29, 
Feb.  4, 
Feb.  12, 
Maroh  2, 
March  2, 
Maroh  5, 
March  16, 
March  16, 


Place 


Number  of 
FataUties 

Detroit,  W.  Va. 18 

Wittezville,  L  T 14 

Sherman,  HI 2 

Bald  Knob,  W.  Va 3 

Parral,  W.Va 27 

MaiUand,  Colo 14 

Piper,  Ala 12 

Midvale  Slope,  Luseme  Co., 

Pa 1 

PackerNo.S.Pa 1 

L.  C.  A  N.  Co.  No.  10,  Pa.  1 

Century,  W.  Va 23 

Penn  No.  10,  Cambria  Co., 

Pa 1 

Cautro.  Colo 19 

Storrs,  Pa 1 

Parrish,  Pa 2 

Alaska,  Pa 1 

Nesquhoning  No.  1,  Pa 1 

Richards,  Pa 1 

Piney  No.  1,  W.  Va 1 

Avondale,  Pa 1 

Jamison  No.  3,  Pa 1 

Keystone.  W.  Va 4 

Cameron,  Pa 1 

Huger,  W.  Va 4 

Nottingham,  Pa 3 

Warrior  Run,  Pa 1 

North  Shaft  No.  7,  Pa.. . .  6 

Vulcan,  Pa 2 

Sugar  Notch,  Pa 2 

Johnson  City,  111 1 

Muhlenburg  Co.,  Ky 1 

Pocahontas,  Va 36 

Blossburg,  N.  Mez 10 

Exeter,  Pa 1 

Nottingham.  Pa. 1 

Prospect     Shaft,     Luserne 

Co..  Pa 1 

Johnstown,  Pa 7 

Vulcan,  Pa 1 

Herrin,  ni 2 

MidvaUey.  Pa 1 

Central,  Pa 1 

Central,  Pa 2 

Palmer,  Wash 1 

Woodward,  Pa 1 

Bettonwood,  Pa 4 

Shenandoah  City,  Pa 1 

Pine  Ridge,  Pa. 1 

Harrisburg.  Ill 1 

Primero,  Colo 24 

Pence,  W.  Va 12 

FayetteviUe,  W.  Va 85 

Nottingham,  Pa 1 

Thomas  No.  25,  V.  Wa 25 

Lansford  No.  4,  Pa 1 

Holden,  Pa 7 

Woodward,  Pa 2 

Tunnel  Ridge,  Pa 1 

Tacoma,  Va 11 

Howard,  Pa 1 
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Date 

1007-Maroh  19, 
March  23, 
March  23, 
April  6, 
Aprils, 
April  11, 

April  24, 
April  26. 
May  1, 
May  15. 

June  17, 
June  18, 
July  17. 
July  20. 
Aug.  1, 
Aug.  20. 
Aug.  23. 
Aug.  29, 
Sept.  21, 
Sept.  28. 
Sept.  30, 
Sept.  7. 
Not.  12, 
Nov.  14, 
Nov.  27, 
Deo.  1, 
Dec.  6. 
Dec.  16. 
Deo.  18. 
Dec.  20. 
Dec.  23, 
Deo.  31. 
1908-Jan.  9. 
Jan.  11, 
Jan.  13, 
Jan.  13, 
Jan.  25, 
Jan.  30. 
Jan.  31. 
Feb.  7. 
Feb.  10. 
Feb.  10. 
Feb.  12. 
Feb.  15, 
Feb.  17, 
Feb.  24, 
Feb.  27. 
March  15, 
March  24, 

March  28, 
March  31, 
March  31, 
Aprils, 
AprU  14, 
AprU  18, 
April  23. 
May  11. 


Place 


Number  of 
Fatalities 

Nottingham.  Pa 1 

Bamum  No  2,  Pa. 1 

Sugar  Creek.  Ohio 3 

Pettibone.  Pa. 1 

Locust  Spring,  Pa 2 

Consolidation     Coal     Co., 

Iowa 1 

Midway.  Colo 1 

Black  Diamond,  Wash 7 

Whipple.  W.  Va 18 

No.  4    Shaft.  Luieme  Co., 

Pa 1 

Reliance,  Pa 1 

Johnson  No.  1,  Pa. 7 

North  Mahanoy,  Pa. 1 

No.  14  Shaft,  Pa 2 

Penn.  Pa. 1 

Storrs  No.  3.  Pa 1 

Franklin,  Washington 3 

Stanton  No.  7.  Pa 1 

So.  Wilkes-Barre.  Pa 4 

Mineral  Spring  Shaft.  Pa. . .  1 

Storrs  No.  1,  Pa 1 

W.  Frankfort.  lU 4 

Harry  E.  Mine.  Pa 1 

So.  Wilkes-Barre.  Pa I 

Stanton  No.  7.  Pa 1 

Naomi,  Pa 34 

Monongah.  W.  Va. 358 

Yolande.  Ala 16 

Darr,  Pa 239 

Pictou  Mine.  Colo 1 

Buck.  OkU 1 

Carthage.  New  Mexico 11 

Scott,  Pa. 3 

Harrisburg,  111 1 

Conyngham,  Pa 1 

Woodward,  Pa 2 


Stonington,  III 

Bach  man,  W.  Va 

No.  14  Shaft.  Pa 

Port  Hood,  N.  S 

Baltimore  No.  5,  Pa. . 
South  CarroUton.  Ky. 

Eldorado,  lU 

Chant,  Okia 

Eagle  Hill.  Pa 

No.  14  Shaft,  Pa , 


1 
9 
1 
10 
2 
9 
1 
2 
1 
1 

Roseta,  Mexico 83 

Standard  Mine.  Colo 1 

No.  6  Shaft,  Luserne  Co., 

Pa 1 

Haima,  Wyo 69 

Oakdale  Mine,  Colo 1 

Sugar  Notch  No.  9,  Pa 1 

Wm.  Penn,  Pa 2 

Champion  Mine,  Colo 1 

Woodward,  Pa 2 

Ellsworth  No.  1,  Pa 1 

No.  7  Colliery,  Luserne  Co., 

Pa 4 

May  12,     Mt.  Lookout.  Pa 12 


Date 

1908-May  23. 
May  27. 

June  19. 
July  8. 
Aug.  12. 
Aug.  28. 
Aug.  31, 
Sept.  1, 
Sept.  3. 
Sept.  8, 
Sept.  17. 
Sept.  26. 
Oct.  7, 
Oct.  8. 

Oct.  14, 
Oct.  22, 
Oct.  29. 
Oct.  31, 
Nov.  5. 
Nov.  6, 
Nov.  9, 
Nov.  9, 
Nov.  10. 
Nov.  13. 
Nov.  18. 
Nov.  19. 
Nov.  23, 
Nov.  28, 
Dec.  29, 
1909-^an.  10. 
Jan.  12. 
Jan.  19. 
Jan.  25, 
Jan.  29, 
Jan.  29, 
Feb.  2. 
Feb.  9. 
Feb.  16. 
March  2, 

March  20, 
March  23, 
March  29, 
March  31, 
AprU  7. 
AprU  9. 
April  13. 
AprU  15. 

May  1. 

May  7. 

May  22. 
June  2. 
June  3. 
June  3, 
June  16. 

June  18, 
June  23, 


Place 


Number  oi 
Fatalities 

Otto,  Pa 2 

SalineviUe,  Ohio 

EUsworth  No.  1,  Pa 

Lanoe  No.  11,  Pa. 

Agnes,  Washington  Co.,  Pa. 

Packer  No.  2.  Pa. 

Brewer,  Okla 

NonpareU  Mine.  Colo 

Shenandoah  City,  Pa 

Coaldale  No.  1.  Pa 

Sugar  Notch  No.  9,  P». 

Hartshome,  Okla 

Phosnix  Park.  Pa 

No.  14  Shaft,  Loaeme  Co.. 

Pa 

Carbonado,  Wash 

Packer  No.  3,  Pa 

Short  Creek,  Ala 

WUburton.  Okla. 

Rend  City,  111 

Buck  Mt.,  Pa 

DeRush  Mine,  Colo 

Oxford,  Pa 

MaxweU  No.  20.  Pa 

Woodward.  Pa. 

Shenandoah  City.  Pa 

Rend  City,  lU 3 

Black  Diamond,  Pa.. ......      1 

Marianna.  Pa. 154 

Lick  Branch.  W.  Va 54 

Ziegler.  m 26 

Lick  Branch.  W.  Va 60 

ChanoeUor,  Colo 6 

BosweU,  Pa 5 

Sewickley.  Pa. 2 

N.  W.  L4S.  Co..  Wash...      2 

Short  Creek,  AJa 18 

Ziegler,  lU 3 

West  Frankfort.  lU 4 

No.  14  Shaft.  Luserne  Co.. 

Pa. 8 

EvansviUe,  Ind 6 

Sliver  Creek,  Pa 1 

Coahuila,  Mexico 35 

Beury,  W.  Va. 6 

Coast  Coal  Co.,  Wash 1 

Windber,  Pa 7 

Superior  Mine,  Ind 20 

Air  Shaft  No.  3,  Marion  Co.. 

W.  Va 8 

No.  5  Mine,  Luserne  Co., 

Pft 1 

No.  6  Mine,  Luserne  Co., 

Pa 1 

GUberton,  Pa. 1 

Richards,  Pa 1 

Richards,  Pa. 1 

Lytle,  Pa 1 

No.  8  CoUiery,   Schuylkill 

Co.,Pa 1 

Spring  Brook.  Pa. 1 

Wehrum,  Pa. 21 
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Mine  Explosions — Continued 


Date 

19D9-Jun«  23, 
July  6, 
July  2, 
July  15. 
July  19. 
Aug.  18. 
Aug.  30. 

Sept.  10. 
Sept.  16. 
Sept.  29. 
Oct.  3. 
Oct.  5. 
Oct.  11. 
Oct.  21, 
Oct.  31, 

Nov.  2. 
Nov.  5, 
Not.  17. 

Nov.  17, 
Nov.  21, 
Nov.  29. 
Deo.  11. 
Dec.  23. 
Deo.  27. 
1910^an.  11. 
Jan.  17. 
Jan.  20. 
Jan.  31. 
Feb.  1. 
Feb.  2. 
Feb.  3. 
Feb.  5, 
Feb.  8. 
Feb.  21. 
Feb.  22, 
Feb.  26, 
March  2, 
March  12, 
March  21. 
March  24, 
March  26, 
March  31, 
March  31. 
April  20. 
April  21. 
May  5, 
May  28. 
June  15, 
June  16, 
June  23, 
July  1. 
July  2, 
July  6, 
July  11, 
Sept.  9, 
Sept.  30, 

Oct.  3. 
Oct.  8, 


Place 


Number  of 
FatalitioB 

Nottingham,  Pa. 2 

Tollerville,  Colo 9 


Grayson,  111 2 

Newcastle.  Pa 1 

Revere,  Pa 1 

Richards,  Pa 1 

No.   8   CoUiery,   Schuylkill 

Co.,  Pa 1 

Nottingham,  Pa 1 

Parral,  W.  Va 1 

W.  Eureka  No.  7,  Pa 1 

Roslyn,  Wash 10 

Nanaimo,  B.  C 30 

Seeeer,  lU 1 

Hartshome,  Okla 10 

Franklin    No.   2,   Cambria 

Co.,  Pa 13 

Maple  Hill.  Pa 1 

Prospect.  Pa 1 

Lance  No.  11.  Luserne  Co., 

Pa 1 

Reliance,  Pa 1 

West  Frankfort,  111 1 

Johnson  City,  111 1 

Clay,  Ky 7 

Herrin,  111 8 

CentralU,  111 4 

Nottingham,  Pa 7 

Ernest  No.  2,  Pa 5 

Woodward,  Pa 1 

Primero.  Colo 75 

Browder,  Ky 34 

Palau  Mine,  Mexico 57 


Oxford,  Pa 

Ernest  No.  2,  Pa. . 

Stearns,  Ky 

Lytle,  Pa 

Pettibone,  Pa 


1 
6 
6 
1 
2 

Christopher.  Ill 1 

1 
7 
1 
2 
4 
6 
1 


Parrish,  Pa. 

So.  Wilkes-Barre,  Pa. 

Lansf ord,  Pa 

Allison,  Pa 

Cambria.  Okla 

Wilburton.  Okla.  . . . 
MaxweU  No.  20,  Pa. 

Mulga,  Ala 40 

Amsterdam,  Ohio 15 

Palos,  Ala 83 

St.  Nicholas.  Pa 1 

Eddy  Creek.  Pa 2 

So.  Wilkes-Barre  No.  5,  Pa.       1 

Woodward,  Pa 1 

Kaska  William,  Pa 1 

Mt.  Lookout,  Pa 1 

Wanamie,  Pa 1 

Ewen,  Pa 1 

Ewen.  Pa 1 

Palau  No.  2  Mine,  Menor. 

Mex 78 

Roslyn.  Wash 10 

SUrkviUe,  Colo 56 


Date 

1910-Oct.  13, 
Nov.  4, 
Nov.  6. 
Nov.  8, 
Nov.  11, 
Nov.  25, 
Nov.  14. 
Nov.  14. 
Nov.  26, 
Nov.  28, 
Dec.  9. 
Dec.  13, 
Dec.  18, 
Dec.  19. 

Deo.  23. 
Deo.  27, 
Dec.  29, 
1911-Jan.  3. 

Jan.  20, 
Jan.  25, 
Feb.  9, 
March  18. 
April  8, 
April  14. 
AprU  24, 
May  27, 
July  15, 
Aug.  1. 
Oct.  23, 
Nov.  9, 
Nov.  18, 
Dec.  9, 
1912-Jan.  9, 
Jan.  13, 
Jan.  15, 
Jan.  17. 
Jan.  20, 
March  7, 
March  10, 
March  20, 
March  26, 
April  15, 
April  21, 
April  23, 
June  18, 
July  11, 
July  16, 
July  17. 
July  24, 
Aug.  13, 
Aug.  30i 
Sept.  16, 
Oct.  1, 
Oct.  -, 
Oct.  25, 
Nov.  8, 
Nov.  16, 
Nov.  22, 
Dec.  20, 


Place 


Number  of 
Fatalities 

Bliss,  Luseme  Co.,  Pa 2 

Yolande,  Ala 5 

Black  Diamond,  Wash 16 

Delagua,  Colo 79 

Panama,  111 6 

Providence,  Ky 10 

Greeno,  Va. 11 

Middleton  Mine,  W.  Va. . . .  2 

Grayson,  111 2 

Antlers.  Okla 13 

Bellevue  Mine,  B.  C 31 

Ravensdale,  Wash 2 

Harrisburg,  III 1 

Consolidation   No.   47,   W. 

Va 2 

Herrin,  111 8 

Centralia,  III 4 

Wick  Haven,  Pa 1 

Sydney  No.  3   Mine,    Nova 

Scotia 8 

Carbon  Hill,  Va 5 

Pittston.  Pa 6 

Cokedale  Mine,  Colo 17 

West  Mineral,  Kans 5 

Banner  Mine,  Ala 128 

Herrin.  HI 1 

Elk  Garden,  W.  Va 23 

Cameron  Inline.  Pa 5 

Sykesville,  Pa 21 

Standard  Mine,  W.  Va 4 

Harrisburg,  III 9 

Adrian  Mine,  Pa 8 

Bottom  Creek  Inline,  W.  Va.  18 

Briceville,  Tenn 84 

Plymouth,  Pa 6 

Windsor,  Mo 2 

Regal  Mine,  Iowa 2 

Central  City,  Ky 5 

Susie,  Wyo 6 

Merritt,  B.  C 7 

Johnson  City.  Ill 1 

McCurtain,  Okla 74 

Jed.  W.  Va 83 

Tacoma.  Wash 1 

Madisonville,  Ky 5 

Panama,  111 2 

Hastings,  Colo 12 

MoundsviUe,  W.  Va 8 

CarbonHiU,  Va 8 

So.  Wilkes-Barre,  Pa 4 

D.  4H.  No.  2,  Pa 2 

Abemant,  Ala 18 

Piedmont,  Colo 2 

Coral,  Pa 1 

South  Canon,  Colo 2 

Oak  Hill  Mine.  Ind 2 

Mayer  Coal  Co.,  Iowa 2 

Simpson,  Colo 1 

Clifton  Mine,  III 1 

Peoria,  W.  Va 2 

Taylor  Mine,  Pa 2 
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Table  IIL— Production  in  Short  Tons  and  Fatal  Accidents  Caused  by  Ex- 
itlosions  of  Oas  and  Dust  in  Coal  Mines  of  United  States 


Production 

< 

1 

1 

Acci- 
dents per 
Million 
Tons 

Fatali- 
ties per 
Million 
Tons 

Accidents  in  which  5  or  more 
Fatalities  Occurred 

Mines 

Ayerage 

Year 

Num- 
ber 

& 

Acci- 
dents per 
MiUion 
Tons 

FataU- 

ties 

Per 
MiUion 

Tons 

Pro- 
duction 
Per 
Mine 

1820 

3.450 
1.322 



1 

1821 



1 

1 

1822 

58  583 

68,563 

80.725 

117.988 

147.914 

172.151 

195.908 

240.086 

320.072 

[337.942 

594.050 

734,657 

600.515 

824.854 

984.832 

1,263,651 

1,355.527 

1.560.360 

2.070.039 

2,291.141 

2.610.057 

3.060.874 

3.681,252 

4.309,904 

4,865.522 

5.286.067 

5,773.974 

6.448.831 

7,018.181 

8,734,525 

9.816.664 

10.570,288 

11,977,102 

12.926.673 

13,546,925 

13.340.189 

13,974.478 

15.633.175 

14.610.042 

16.488.012 

17,485,835 

21,319,062 

1823 

1824 

1825 

1 

1826 

1827 

1828 

. . .     1.. . 

1829 

1830 

1831 

i 

'.'.'.'.  '-'-''-'.'-' 

*    '     j     

1832 

' 

1833 

;■ 

■ 

1834 

! 

1835 





1 

1836 

1837 

1838 

1839 

40 

0.64 

25.6 

1 

40 

0.64 

25.6 

1840 

1841 

::::::::: 



1842 

1843 

1 

1844 

1 

1845 

1846 

1847 

::::::::: 

1848 

1849 

.... 

1850 

' 

510 

12.539 

1851 



1852 

1853 

; 

1 

1854 

1 
1 

19 
55 

0.08 
0.08 

1.51          1 

19 
55 

0.08 
0.08 

1.51 
4.27 

1 

1855 

4.27 

1 

1856 

1857 

' 

1 

1858 

::::::::: 

1 

1859 

i 

1860 

, 

' 

622 

23,045 

1861 

1 

1 

1862 

1 

1863 



1 

1 

1864 

23,605.123 

.          1....:                      

1865 

23.792.173 
29.003.583 
30,724,422 
32,861.960 
32,904,360 
33.035.580 
46.885,080 
51.453,399 
57,602.480 
52.605.920 
52.S48.S20 

' 

; 

1866 

1867 



1868 

1869 

2 
6 
13 
11 
10 
14 
6 
16 

2        0.06 

6  1     0.18 

21        0.28 

21  ,     0.21 

20        0  17 

0.06 
0.18 
0.45 
0.41 



1870 

1.566 

20,986 

1871 

1 
1 
1 

5 

7 

10 

0.02 
0.02 
0.02 

0.10 
0.14 
0.18 

1872 

1873 

1874 

18 

8 

31 

0.26     !     0.34 
0.12          0.15 
0.30          0.58 

1875 

':**:::::::::::::;::i::^:;::::.::::: 

1876  .     55,280.000 

2 

14 1  0.04  Ki,iiL2ft,cr^ooaIe--- 

o 
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Table  III. —  Continued. 


Year 


Accidents  in  which  6  or  more 
Fatalities  Occurred 


1877 

60,501,760 

2 

9 

0.03 

0.15 

1878 

57,955,600 

6 

18 

0.10 

0.31 

1879 

68,105.799 

7 

17 

0.10 

0.25 

1830 

71,481,670 

4 

8 

0.06 

0.11 

1881 

85,881.030 

8 

56 

0.09 

0.65 

1882 

103,551,189 

10 

49 

0.10 

0.47 

1883 

115,707,525 

16 

36 

0.15 

0.31 

1884 

120.155.551 

8 

220 

0.07 

1.83 

1885 

111,160,295 

4 

17 

0.04 

0.16 

1886 

113,680.427 

6 

77 

0.05 

0.68 

1887 

130.650.511 

1 

23 

0.03 

0.18 

1888 

148.659.657 

6 

90 

0.04 

0.61 

1889 

141,229,513 

9 

18 

0.06 

0.13 

1890 

157.770.963 

8 

64 

0.05 

0.34 

1891 

168.566.669 

19 

156 

0.12 

0.93 

1892 

179.329,071 

19 

164 

0.11 

0.91 

1893 

182.352.774 

12 

67 

0.07 

0.37 

1894 

170.741,526 

23 

40 

0.14 

0.23 

1895 

193,117,530 

18 

200 

0.09 

1.04 

1896 

191.986,357 

15 

95 

0.08 

0.50 

1897 

200,229.199 

27 

60 

0.14 

0.30 

1898 

219,976,267 

33 

58 

0.16 

0.26 

1899 

253,741.192 

26 

118 

0.10 

0.47 

1900 

269,684.027 

32 

309 

0.12 

1.11 

1901 

293,299,816 

30 

110 

0.10 

0.38 

1902 

301.590,439 

23 

416 

0.08 

1.38 

1903 

357.356,416 

41 

257 

0.12 

0.72 

1904 

351,816,398 

37 

268 

0.11 

0.76 

1905 

392,722,635 

53 

326 

0.13 

0.88 

1906 

414,157,278 

48 

265 

0.12 

0.64 

1907 

480.363.424 

46 

899 

0.10 

1.87 

1908 

415,842,698 

52 

365 

0.13 

0.88 

1909 

460,814,616 

49 

295 

0.11 

0.64 

1910 

501,596,3/8 

48 

539 

0.10 

1.07 

1911 

490,601.317 

14 

334 

0.03 

0.63 

1912 

534,446.580 

26 

253 

0.05 

0.47 

Aoci- 
dentfl  per 
Million 

Tons 


0.02 
0.04 
0.03 
0.01 
0.04 
0.02 
0.01 
0.04 
0.02 
0.04 
0.01 
0.02 


Fatali- 
ties 
per 

Million 
Tons 


Arerace 
I     Pro- 
Mines   duetioQ 

I       P« 
Mine 


0.12 
0.22 
0.16 
0.07 
0.58 
0.36 
0.09 
1.77 
0.10 
0.67 
0.14 
0.56 


49 

0.03 

0.31 

128 

0.02 

0.76 

127 

0.02 

0.71 

60 

0.04 

0.33 

8 

0.01 

0.05 

188 

0.04 

0.97 

77 

0.02 

0.40 

22 

0.02 

0.11 

14 

0.01 

0.07 

96 

0.03 

0.38 

268 

0.02 

1.00 

67 

0.02 

0.23 

391 

0.03 

1.30 

207 

0.02 

0.57 

219 

0.01 

0.60 

277 

0.03 

0.70 

213 

0.03 

0.61 

854 

0.03 

1.78 

297 

0.02 

0.72 

249 

0.04 

0.54 

498 

0.04 

0.99 

329 

0.02 

0.67 

224 

0.02 

0.42 

3.294       21.701 


2.583       53.578 


' 

6.986 

50,383 

t 

1 

1 

6.079 
6.126 
6.179 
6.022 

75.804 
81.553 
79.398 
88.752 

Table  IV. — Mine    Explosions    in  Oreat  Britain 


Date 

1803-Sept.  25. 
1805-Oct.  21, 

Nov.  29. 
1806-Nov.  28, 
1808-Nov.  29. 
1809-^pt.  14. 
1812-May  25, 

Oct.  10, 
1813-July  17, 

Sept.  28. 

Deo.  24, 
1814-April  5. 

Aug.  12. 

Sept.  9, 
1815-June  2, 

Dec.  18, 
1817-June  30. 


Place 


Number  of 
Fatalities 

Wall's  End 13 

Hebbum 35 

Ozcloee 38 

Eillingworth 10 

Harraton 4 

KUlingworth 12 

Felling 92 

Barrington  Mill  Pit 24 

Collingwood  Main 8 

Hall  Pit.  Fatfield 32 

Felling 22 

Hawden  Pit,  Percy,  Main. .  4 

Hebburn 11 

Leefield 4 

Sheriflf.HiU 11 

Townley 1 

Row  Pit,  Harraton 88 


Date 

1817-Sept.  25, 

Aug.  5, 

Nov.  3, 

Deo.  18, 
1819-July  19, 

Oct.  9, 
1821-Oot.  19. 

Oct.  23. 

Oct.  23. 
1823-Feb.  21. 

Nov.  3. 
1824-Oot.  6. 

Nov.  19. 
1825-^Tuly  8, 

Oct.  5. 
1826-Jan.  17, 

May  30. 


Place 


Number  of 
Fatalities 

Jarrow 6 

Wall'sEnd 4 

Ouston 1 

Plain  Pit,  Rainton 27 

SheriflfHill 35 

George  Pit.  Lumley 13 

Nesham's  Newbottlo 6 

Wall'sEnd 52 

Felling 6 

Ouston 4 

Plain  Pit,  Rainton 59 

Qeorge  Pit,  Lumley 14 

Dolly  Pit.  Newbottle 11 

Julit  Pit,  Fatfield. 11 

Hebbum 4 

Jarrow 34 

Townley 88 
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Date 

1826-Sept.  5, 
Oct.  27, 
1828-March  16, 
Sept.  1. 
Nov.  20, 
1829-Dec.  3, 
1830-Aug.  3. 
1831-July  9, 

Sept.  20, 
ISd^May  9, 
May  24, 
Nov.  1. 
1835-June  18, 
Nov.  19, 
1836->JaD.  28, 
1837-Dec.  6. 
1838-Dee.  19, 
1839-June  28, 
1840- June  0, 
1841-April  19. 
Aug.  5, 
Aug.  17. 
1842-March  2, 
1843-April  5, 
1844-Jaii.  18, 
Sept.  28. 
Oct.  16, 
Dec.  1, 
1849- June  10, 
1851-March  15. 
May  26. 
Aug.  19. 
Oct.  23. 
Oct.  31, 
Dec.  20. 
Dec.  22, 
1852-ApriI  24. 
May  6. 
May  10. 
May  20, 
Dec.  22, 
1853-March  12, 
March  24. 
April  26, 
July  1, 
1864-Feb.  18, 
1856-July  3, 
July  15, 
Aug.  13, 
May  24, 
1857-Feb.  19, 
May  27, 
July  31, 
1858-Feb.  2. 
Feb.  25, 
May  28, 
Dec.  11, 
186&-Feb.  16, 
March  2, 
Aug.  3, 
Nov.  6, 
Dec.  1, 
Dec.  20, 
1861-Maroh  8, 
16 


Mine  Explosions  in  Great  Britain- 

ra                         Number  of  ^i  . 

Place                     _  ^  ,.^.  Date 
Fatalities 

Heworth 6  1861-Sept.  26, 

Benwell 2  Nov.  1, 

Jarrow 8  1862-Feb.  19, 

New  Pit,  Houghton 7  Nov.  22, 

J.  Pit,  Washington 14  Dec.  8, 

Willington 4  1863-March  6. 

Jarrow 42  Oct.  17, 

King  Pit,  Wreckington 3  Dec.  9, 

Willington 7  Deo.  26, 

Springwell 47  1866-June  16, 

Great  Lumley 2  Deo.  20. 

BUck  PeU 3 

WaU's  End 102  1866-Jan.  23, 

Burden  Main 11  May  4, 

Down's  Pit,  Hetton 22  Dec.  12, 

Springwell 30  Dec.  13, 

Wall's  End 11  Oct.  31, 

St.  Hilda 61  June  14, 

Haswell 1  1867-Aug.  20, 

Bigge  Pit,  Willington 32  .     Nov.  6, 

Thomley 9  Nov.  11, 

HaaweU 1  1868-Sept.  30, 

West  Cramlington 1  Nov.  25, 

King  Pit,  Wreckington 28  Dec.  26. 

West  Moor 5  1869-April  1, 

Haswell 95  June  10, 

Coxlodge 1  July  21. 

SeghiU 2  Oct.  22, 

Femdale,  Eng —  Nov.  16, 

Victoria  Pit 61  1870-Feb.  14. 

Washington  Pit,  Newcastle.  2  July  7, 

Washington  Pit,  Newcastle.  35  July  23, 

Killingworth  Pit,  Newcastle  1  Aug.  19. 

KilingwoHh  Pit,  Newcastle.  9  1871~Jan.  10, 

Warren  Vale,  Yorkshire. ...  52  Feb.  24, 

Ince  Hall,  Lancashire 13  March  2. 

Norley  Hall,  Lancashire. ...  12  Sept.  6, 

Hebbum.  Durham 22  Oct.  25. 

Middle  Du£Fryn 65  1872-Feb.  14. 

Coppull.  Lancashire 36 

Elsecar,  Yorkshire 10  March  28, 

Risca.  Monmouth 10  Oct.  7, 

Arley  Mine 68  1873-Feb.  18. 

Old  Park.  Worcestershire...  11  l874~April  14. 

Bent  Grange.  Lancashire. . .  20  April  18. 

Ince  HaU 89  Nov.  20. 

Old  Coal  Pit.  Monmouth  . .  11  Dec.  24. 

Cymmer.  Wales 114  1875-April  30, 

Ramrod  Hall.  Staffordshire.  11  Dec.  4, 

Cyme  Avon,  Glamorgan 12  Dec.  6, 

Lund  Hill 189  Dec.  6, 

Tyr  Nicholas.    Monmouth.  13  Dec.  15. 

Keys.  Lancashire 40  1876-Dec.  18. 

Bardsley 55  1877-Jan.  23, 

Lower  Duffryn 19  Feb.  7, 

Bryndu.  Glamorgan 12  March  10. 

Tyldesley ,  Lancashire ......  26  Oct.  1 1 , 

Higham.  Yorkshire 13  Oct.  22. 

Burradon 76  1878-March  8, 

Winstanley,  Lancashire 13  March  12, 

Lower  Duffryn,  Glamorgan.  12  March  27. 

Risca,  Wales 142  June  7, 

Hotton  Sutton.  Durham. . .  22  Sept.  11. 

Blaengwawr,  Glamorgan. . .  13  1879-March  4. 


-Continued 

Place  ^umber  of 

Fatalities 

South  Mostyn.  Flintohire.. .  10 

Shevington.  Lancashire 13 

Gethin,  Glamorgan 47 

Walker.  Northumberland...     16 

Edmunds  Main.  Yorkshire..  59 

Coxlodge,  Northumberland.  26 

Morfa 39 

Wsmnstay.  Denbigh 13 

Lleynoi.  Glamorgan 15 

Bedwelty 26 

Cethin  Cyforthfa,  Glamor- 
gan   34 

High  Brooks.  Lancashire. . .  30 
Garswood  Park,  Lancashire.     12 

Oaks  Colliery 361 

TalkO'TheHiU 91 

Palton 24 

Victoria  Pit 38 

Garswood 14 

Femdale,  Wales 178 

Homer  Hill.  Staffordshire. .  12 

Wynnstay.  Denbigh 10 

Hindley  Green 62 

Haydock.  Lancashire 26 

Highbrooks 37 

Femdale.  Glamorgan 53 

Haydock 59 

Newbury.  Somerset 11 

Low  Hall,  Lancashire 27 

Morfa,  Glamorgan 30 

Silverdale,  Staffordshire 19 

Charles  Colliery 19 

Brynn  Hall 20 

Renishaw 20 

Pentre 38 

Victoria,  Monmouth 19 

Moss  Pit 70 

Seaham 26 

Maesteg  Marthyr,  Glamor- 
gan   11 

Lover's  Lane,  Lancashire. . .  27 

Morley 34 

Talke,  Staffordshire 18 

Dunkinfield 64 

Ince  Hall,  Lancashire 15 

Rawmarsh,  Yorkshire 23 

Bignall  Hill.  Staffordshire. .  17 

Bunker's  Hill 43 

Tredegar.  Monmouth 23 

Llan,  Glamorgan 16 

Swaithe  Main 143 

Mons  Colliery 

South  Wales.  Monmouth. . .  23 

Stonehill.  Lancashire 18 

Foggs,  Lancashire 10 

Wiegfach.  Glamorgan 18 

Pemberton.  Lancashire 36 

Blantyre 207 

Barwood  Colliery '. . . .  17 

Unity  Brook 43 

Apedale,  Staffordshire 23 

Haywood  Wood 189 

Aberdame,  Monmouth 268 

Victoria.  Yorkshire 21 
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Date 

1879-JaD.  13. 

July  2, 
1880-Jaii.  21. 

July  16. 

Sept.  8, 

Deo.  10, 
1881-Feb.  7, 

Dec.  19. 
1882-Feb.  16, 

April  18. 

April  19, 

April  25, 

May  2. 

Nov.  7. 

1883-Oot.  18, 

Nov.  7. 
1884-Jan.  27. 

Sept.  6, 

Nov.  8, 
1885-Maroh  2. 

April  8, 

June  18. 

Aug.  20, 

Dec.  23. 
1885-Aug.  13. 

Sept.  10, 

Oct.  2. 

Dec.  2, 
1887-Feb.  18, 

May  28. 
1888-April  19, 
1889-Jan.  18. 

Jan.    28. 

Jan.  31. 

Feb.  25. 

March  13. 

March  21, 

April  19. 

June    27. 

July  9. 

July  23, 

Aug.  17, 
Aug.  21, 
Oct.  12, 
Oct.  16, 
Oct.  25. 
Oct.  31. 
Nov.  4. 
Nov.  4, 
Dec.  26. 
1890-Jan.  22. 
Feb.  6. 
March  3, 
March  10, 
March  24, 
April  4, 
April  6. 
May  2, 
May  16, 
May  16. 
May  19. 
June  10, 
Aug.  2, 


Mine  Explosions  in  Great  Britain- 

Place  ^""^'.  ""^      Date 

FaUlities 

Dinas 63       1890-Aug.  28. 

Blantyre 

Leycett  Colliery 62  Aug.  30. 

Riaoa.  Wales 120  Sept.  8. 

Seaham 164  Sept.  14, 

Naval,  Wales 101  Sept.  19. 

Whitfield 25  Oct.  13. 

Abram, 48  Nov.  1, 

Trimdon  Grange 74  Nov.  3, 

Tudhoe 37  Dec.  19. 

West  Stonley,  Durham 13       1801-Jan.  7. 

Whitehaven.  Cumberland..       4 

Baddesley 23 

Clayoross  No.  7.  Parkhouse, 

Derbyshire 45 

Wharncliffe 20 

Altham 68 

Penygraig,  Glamorgan 14 

Hall  End,  Staffordshire 7 

Pochin,  Monmouth 14 

Usworth 42 

Great  Fenton,  Staffordshire       8 

CUfton  HaU 178 

Apedale,  Staffordshire 9 

Mardy 81 

Woodends  Pit 38 

Dean  Lane.  Somerset 10 

Altofte,  Yorkshire 22 

Elemore.  Durham 28 

Ynshir  Colliery 39 

Udston  Colliery 73 

St.  Helens,  Cumberland 30 

Hyde 23 

Dean  Lane 4 

Kirkland.  Scotland 1 

Lower  Llanmorlais.  Wales. .       2 

Brynmally 20 


Dipton 1 

St.  Helens 30 

Dairy  Farm 1 

Cwmbran.  Wales 1 

Bothwell  Park  No.  2,  Scot- 
land   1 

Chell 3 

Whitwood 2 

Lammark  No.  2,  Scotland...  1 

Mossfields 64 

Aslmore  Park 1 

Saltwells 2 

Hebburn  A 6 

Meiklehill  No.  5,  Scotland  2 

Barrwood  No.  1.  Scotland..  1 

Glyn 5 

Llanerc.  Wales 176 

Devon,  Scotland 1 

Morfa,  Wales 87 

Gilvertheld  No.  2,  Scotland  1 

Hallside,  Scotland 1 

Broomhouse,  Scotland 1 

Thorncliffe 2 

Aberdure  No.  9,  Wales 2 

Vochriw,  Wales 1 

Shetton  Deep  Pit 1 

Holmes,  Scotland 1 

Braich  Y  Gimmer.  Wales. .  1 


Feb.  10. 

March  6. 

March  24. 

April  2, 

May  9. 

May  13. 

May  13. 

May  14. 

June  19, 

July  16. 

July  23. 

Aug.  1. 

Aug.  2. 

Aug.  7. 

Aug.  23. 

Aug.  25, 

Aug.  31. 

Sept.  10, 

Oct.  1, 

Oct.  13. 

Nov.  11, 

Deo.  9. 
1892-Feb.  8. 

Feb.  10. 

Feb.  19. 

May  13. 

May  19. 

June  1, 

June  17. 

July  28, 

Aug.  8. 

Aug.  26. 

Sept.  24. 

Oct.  11. 
1893-Feb.  11, 

Feb.  11, 

AprU  21. 

May  1. 

May  5, 

May  24. 

June  30. 

June  30. 

July  4, 

Aug.  19. 

Oct.  24. 

Nov.  13, 

Oct.  13. 

Deo.  2. 

Dec.  8, 
1894-Jan.  1. 

March  23. 

April  18, 


'Continued 

_,  Number  of 

^'*~  Fatalitiw 

Malago    Vale  Argus    Pit, 

Wales I 

Kinneil,  Scotland 2 

Butterworth  HaU 1 

Hanby  North  wood  Pit 1 

Nether  Croy  No.  1.  Scotland  1 

Eastfield.  Scotland I 

Peel  Hall  White 1 

Raverhead 1 

Longrigg.  Scotland I 

Dowlais  South  Tunnel  Pit, 

Wales 1 

Beamish  Second  Pit 2 

Oak  Farm 1 

Dearham 1 

Apedale  SladderhiU  Pit.. . . .  10 

SheltonNo.  1 1 

Franch.  Wales 1 

Brithdir.  Wales 1 

Ashton  Moss 3 

Llanbradach.  Wales 1 

Llantwit  Red  Ash,  Wales. .  1 

Addiewell.  Scotland 1 

Ross,  Scotland 2 

Haughhead,  Scotland 1 

Glass  Houghton,  Eng 2 

Abaroanaid,  Wales 2 

Rhos  Llantwit,  Wales 2 

Malago  Vale 10 

Low  HaU 2 

Aberdare  Merthyr.  Wales. .  1 

Baokworth  C  Pit. 1 

Meiros.  Wales 3 

Montagu  Main 2 

Dinnington I 

HaU  End 1 

Gadis  Graig  Pit.  Wales 1 

Cozlodge 1 

Car  House I 

Browneyside't  Scotland 1 

Holmes,  Scotland 1 

Gartshore  No.  3.  Scotland..  1 

Ebbw  Vale  Marine.  Wales.  1 

Park  Slip.  Wales 113 

Netherton  Old 1 

Gartshore  No.  9.  Scotland..  I 

WhitwickNo.6 2 

Worf a.  Wales 1 

Himley 2 

Sharlston 3 

Fishley I 

Dunston 2 

Herbertshire  No.  3.  Scotland  2 

Butterknowle 1 

Combo.  ThomhiU 139 

Hattonrig  No.  3.  Scotland  .  1 

Elms 1 

Cowdenbeath.  Scotland ....  1 

Camerton 2 

Hem  Heath 1 

Wooley 1 

Gorseinon,  Wales 1 

Ayr-Sundrum    No.  3,  Sect- 
land J 

Portland  No.  5.  Scotland. .  1 
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Date 

1894-May  19. 
June  23» 
Aug.  1, 
Aug.  8, 
Aug.  9, 
Aug.  17, 
Sept.  6. 
Sept.  10, 
Sept.  21. 
Sept.  26, 
Sept.  27. 

Got.  15, 
Oct.  16, 

Oct.  17 
Oct.  25, 
Oct.  27, 
Oct.  27, 
Nov.  10. 
Nov.  22, 

1895-Feb.  6. 
Feb.  9. 
Feb.  13, 
Feb.  25, 
March  15. 
April  6, 
April  22, 
June  23, 
May  6. 
June  18, 
July  10, 
July  16, 
Aug.  1, 
Aug.  1, 
Aug.  14. 
Sept.  14. 
Oct.  1, 
Nov.  5, 
Oct.  11, 
Nov.  21, 

1806-Jan.  11. 
Jan  11, 
Jan.  27, 
Jan.  28, 
Feb.  1, 
Feb.  4, 
Feb.  10, 
Feb  29. 
March  28, 
March  30, 
April  13. 
April  27. 
April  30, 
May  6, 
June  8. 
June  15. 
June  19, 
Aug.  4. 
Aug.  17, 
Aug.  17, 
Sept.  16. 
Sept.  26, 
Dee.  8, 
Dec.  5, 


Mine  Explosions  in  Great  Britain— 

«,                       Number  of  ^^  . 

^^~                   Fatalities  ^**^ 

Allerton  Main 3  1896-Dec.  29, 

Albion.  Wales 290  1897-Jan.  5, 

Alwynpia  No.  3.  Wales 1  ,             March  12. 

Bank  House 1  March  18. 

Rowley  Hall 1  I             April  1, 

Black  Boy 1  '             May  13. 

West  Auckland 1  July  3, 

Raddiffe 1  Aug.  6, 

East  Connook 1  Sept.  29. 

Wednesbury 1 

International      Anthracite,  Oct.  11, 

Wales 1  j             Nov.  29. 

Common  No.  10.  Scotland.  1  {             Deo.  10. 

Harecastle    k    Woodshutts  Dec.  20. 

CoL 1  1898-Jan.  28. 

ElUsmuer's  No.  2.  Scotland  1 

Blair  Hall.  Scotland 1  !             March  5, 

Common  No.  14,  Scotland.  1  March  31, 

Sandwell  Park 4  Aug.  3, 

Gadlys-Dyllas.  Wales 2  Aug.  17, 

Ashmore  Park 1  Aug.  21. 

Timsbury 2  Sept.  6, 

Morlais  Vale,  Wales 2  ,             Sept.  9, 

Glynea.  Wales 1  I             Sept.  9, 

B  wllfa  Dare,  Wales 1  |             Sept.  29. 

Malago  Vale 2  Oct.  23. 

Seafield,  Scotland 1  Nov.  3. 

Heddon 1  1899-Jan.  9, 

Quarter.  Scotland 13  Jan.  10. 

Llantwit  Red  Ash.  Wales. .  1  Feb.  17, 

BuUfield 2  March  11. 

Crawshays  Castle,  Wales. .  3  March  18, 

Abercrave,  Wales 1  April  4, 

Aberdare  Merthyr,  Wales. .  1 

Aldridge 2  i             May  15, 

Pentland,  Scotland 1  May  22, 

Lea  Green 1  {             May  24, 

Shakerley 5  May  25. 

Tannockside  No.  2,  Scotland  1  June  9, 

Blackwell  A 7  June  19, 

Newmarket 2  June  20. 

West  Cannock 1  Aug.  15. 

Lanmorlais.  Wales 2  Aug.  15. 

Ferndale  Nos.  7  db  8,  Wales  57  I             Aug.  18, 

Bleennant.  Wales 1  Oct.  10, 

Foxhole,  Wales 1  I 

SaltweUe. 1  i             Oct.  26, 

Axwell  Park 2  i              Nov.  3, 

Lammark  No.  2,  Scotland.  1  j              Nov.  23, 

,  Meiros,  Wales 3  Dec.  6. 

Straiton.  Scotland 1  '             Deo.  25. 

Brancepeth 20  |             Dec.  27, 

SwalweU 1  ,    1900-Jan.  8. 

Micklefield 63  Feb.  12. 

Birkrigg,  Scotland 1  Feb.  22. 

Carfin  No.  6.  Scotland 1  March  8, 

Bellfield.  Scotland 1  March  12, 

Aberoave,  Wales 1  March  25, 

Main  Brynooch,  Wales 7  March  26, 

Sough  Duff ryn,  Wales 1  April  7, 

Gawn 1  April  9, 

Comsilloch,  Scotland 2  April  12, 

Primrose  Main 1  May  28, 

Drumsmudden,  Scotland  . .  1  June  10. 

Seaton  Delaval 1  June  22, 


'Continued 

^,                      Number  of 
^****                  Fatalities 

Garscube,  Scotland 1 

Broadeak,  Wales 5 

Bothwell  Park,  Scotland. . .  1 

Knowle 1 

Gadlys,  Wales 1 

Darmgavd.  Scotland 2 

Dalmeny,  Scotland 1 

Raveresthrope 3 

Drumpeller  No.  3  and  No. 

4,  Scotland 1 

Newliston,  Scotland 1 

Olvecote  Tamworth 1 

East  Cannock 1 

Blaendare 1 

Drumpeller  Nos.  3  and  4, 

Scotland 4 

Whinney  Moor 1 

,  Kinneal,  Scotland 3 

MiUfield 1 

Rosehall.  Scotland > . . .  1 

St.  Helens 2 

Greasbro 2 

Ayr,  Scotland 7 

Thankerton,  Scotland 1 

Annagher  No.  5,  Ireland. . .  3 

Nethercroy,  Scotland 1 

South  Elswick 1 

Gilbertfield  No.  2,  Scotland.  1 

Pumpherston,  Scotland 1 

Walbottle 1 

Cadeby  Main 2 

Gertshore  No.  9,  Scotland.  1 
Drumpeller  Nos.  3  and  4, 

Scotland 1 

Etherty  Grange 1 

Benarty.  Scotland 2 

Woodhall  No.  1.  Scotland.  1 

MiUfield 4 

Ynisgeinon.  Wales 1 

Brownhill 1 

Holytown  No.  5,  Scotland..  2 

Brandon 6 

Wester  Gartshore,  Scotland.  1 

Llest.  Wales 19 

Hamilton    Palace     No.     1. 

Scotland 1 

Colderbank  No.  1,  Scotland  1 

Bedlington  A  Pit i 

Point  of  Air 2 

Kinneil,  Scotland 2 

Longriggend,  Scotland 1 

Ingliscard,  Scotland 1 

Middrie.  Scotland 1 

Carbarns,  Scotland 3 

Glespin,  Scotland 1 

Hinley 1 

Pumpherston,  Scotland 1 

Drumbrook  No.  2,  Scotland  1 

Cowdenbeath,  Scotland 1 

Cadley  Hill 2 

Walsall  Wood 1 

Holytown  No.  1,  Scotland..  2 

Clynhebog,  Wales 2 

Clynmil  Drift,  Wales 1 

Garw  Feehan,  Wales 1 
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Date 
1900-Aug.  12, 

Aug.  17, 
Sept.  3, 

Oct.  3, 

Oct.  9, 
Nov.  16, 
Nov.  24, 

Nov.  30, 
Dec.  3, 
Dec.  0, 
Deo.  28, 
1901-Jan.  16, 
Jan.  23. 
Jan.  25, 
Jan.  27, 
Feb.  28, 
March  25, 
April  1,  • 
April  10. 
May  6. 
May  16, 

May  24, 
May  27, 

June  26, 
July  8. 
July  20, 
Aug.  19, 
Aug.  26, 
Sept.  10, 
Sept.  18, 
Nov.  12, 
Dec.  8. 

1902-March  3, 
April  2, 
April  3, 
April  19. 
May  14. 
May  21. 
June  4, 
July  4. 
Julys 
July  9, 
July  19, 
July  26. 
July  26. 
July  29. 
Aug.  1. 
Aug.  15. 
Aug.  23. 
Sept.  3, 
Oct.  3, 
Oct.  15, 
Nov.  25. 
Dec.  1, 
Dec.  9. 

1903-Feb.  9. 
Feb.  24. 
Feb.  25. 
Mar.  23, 


Place 


Number  of 
Fatalities 

Tannochflide  No.  3,  Soot- 
land 1 

Portland  No.  5,  Scotland. . .       6 

Kemmlrhill    No.    2,    Scot- 
Und 1 

Hattonrigg  Nos.   3  and  4, 
Scotland 

Fieldhouse 

Preston 

Gilmithscroft  No.  4,  Scot- 
land  

Deelmont  No.  1,  Scotland.. 

Oatlands 

Hamstead 

Ross,  Scotland 

Ystradgynlas 

Kirkwood,  Scotland 

Haughhead.  Scotland 

Holy  town  No.  8,  Scotland. . 

Blaendare  Slope 


1 
1 
4 

1 
1 
1 
1 
1 
1 
1 
2 
1 
2 

Dinas.  Wales 4 

Sandbaek 2 

Orrell 4 

Turadale 1 

Gilmithscroft  No.  3.  Scot- 
land        1 

Universal,  Wales 81 

Talk  O'The  Hill 4 

Meiros.  Wales .    1 

Stenedough 4 

Fochriw.  Wales 1 

Hamstead 2 

New  Dale 1 

Llanbradach,  Wales 8 

Pencoed,  Wales. 1 

Edmondsley 1 

Cornsilloch  No.  3.  Scotland       2 

Pemberton 2 

Garwood  Hall  No.  9, *9 

Glencraig.   Scotland 4 

Bernarty.  Scotland 1 

Todmorten  Moor 1 

Dunnington 1 

Folchriw.  Wales 8 

Woodhom 3 

Elba.  Wales 1 

Wrexham  ft  Action 1 

Collena,  Wales 1 

Shut  End  No.   13 1 

Cleland,  Scotland 1 

Darran,  Wales 1 

Pumpherston,  Scotland ....       3 
Skellyton  No.  3.  Scotland..       2 

ParkHiU... 1 

McLaren,  Wales 16 

1 
1 
1 
1 
2 
1 
1 


Blair  No.  2,  Scotland 

Holmside 

Prior  Lee  No.  2 

East  Plean  No.  3,  Scotland. . 

OrreU 

Stanrigg,  Scotland 

Aldridge  No.  1 

Darran,  Wales , 

Ferndale  No.  5,  Wales 


Date 

1903-June  10. 
July  17. 
July  24, 

i        Oct.  5, 
Nov.  9. 
Nov.  12, 
Dec.  11, 

1904-Jan.  3. 
Jan.  7, 
Jan.  19, 
March  19, 
May  16. 
June  13, 
June  14, 
June  25, 
July  25, 
Aug.  23, 
Aug.  23. 
Sept.  1. 
Sept.  6. 
Sept.  26. 
Oct.  2, 
Dec.  31, 

1905-Jan.  21, 
March  10, 
July   11, 

1906-June  1. 
Nov.  10. 
Dec.  17, 
Dec.  14, 

1907- Nov.  26. 
March  19, 
Dec.  14, 
March  5, 

1908-Feb.  20. 
April  9. 
Aug.  18, 

1909-Feb.  17, 
Oct.  29, 

1910-May  11. 

Dec  21. 
1911-April  12. 
April  30. 
June  8, 

Aug.  19. 
Aug.  21, 
Sept.  15, 
Sept.  16. 
Oct.  15, 
Oct.  23, 
Oct.  26, 
Nov.  3, 
Nov.  25, 
1912-March  11, 
March,  — 
March  27, 
May  18, 

July  6. 
July  9, 

Sept.  15, 


Continued 

-J,  Number  of 

^^  FaUJiti« 

Biggarford,  Scotland ] 

Bogleshole,  No.  4,  Scotland.  2 

GarriongiU,  Scotland 1 

Westburg  No.  2,  Scotland. .  1 

Uwynypia  No.  3.  Wales.. . .  1 

Storgate  Pit. 1 

Braidhurst,  Scotland 2 

Saltwells  No.  27 1 

St.  Helens 2 

Calder 1 

Saltwells  No.  27 1 

Shirebrook 2 

Watergate 1 

AUanshaw  No.  1.  Scotland..  2 

St.  Johns 1 

Drumbow.  Scotland 1 

Baekworth 1 

Sneyd i 3 

Blantyre  Ferme.  Scotland. .  1 

Broomhouse.  Scotland 1 

Rosehall  No.  14.  Scotland. .  1 

Swinhill  No.  2.  Scotland. . .  1 

Bowhill.  Scotland 1 

Elba.  Wales 11 

Cambrian  Coll..  Wales 33 

Nat.  Coll..  Wales 1 19 

Count  Herbert,  Glamorgan.  5 

Albion,  Glamorgan 6 

Urpeth  CoU 4 

Wingate  Grange 25 

Whitehaven 5 

Ben  well 4 

Dinas  Main,  Wales 7 

Genwen.  Wales 6 

Washington  Globe 14 

Norton  Hill 10 

Maypole 75 

West  Stanley 167 

Darran  Coll.,  Wales 27 

Wellington    Mine.    White- 
haven   136 

Pretoria  Coll..  Boeton 344 

Ynysoedwy n  Coll. .  Wales. . .  1 

North  Motherwell.  Scotland  1 
Seven   Sisters,    Glamorgan, 

W 1 

MeiklehiU  CoU..  Scotland. .  2 

Maltby  Main  CoU 3 

Netherton  CoU 3 

Cwmaman  CoU.,  Wales 2 

Dechmont  No.  3  CoU.,  Wale  1 

KeUan  CoU..  Wales 1 

Annandale  CoU.,  Scotland. .  1 

Holy  town  ColL.  Scotland. .  1 

BiggaUHiUCoU 6 

BentleyCoU 3 

Great  Western  CoU.,  Wales  2 
Navigation  CoU.,  Wales. ...  2 
Newport  Coll.,  Monmouth- 
shire   4 

Bamsley,  Yorkshire 3 

Cadesby    Mines,  Conisbor- 

ough...^..-^^ -. .    .  87 

Dudley^v^C^QOgle  1 
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Table  VI. — French  Explosions  Caused  by  Gas  or  Dust 


Date 

1814-Oct.  28, 
1817-June  8. 
Aug.  7, 
1818-Feb.  14 
March  13, 
March  29, 
1823-Aug.  9, 
182e-June  29, 

Aug.  2, 
1832-JuIy  2, 
Aug.  2, 
1833-April  16. 
Oct.  30, 
1834-May  29, 
1835-Aug.  30, 
183e-July  2, 
July  4. 
1837-Sept.  20, 
1839-March  6. 
1842-July  3. 
Aug.  18. 
Sept.  4, 
1844-Oct.  15, 
1845-April  16, 
1846-Oct.  12, 
Nov.  12. 
1847-Sept.  6, 
1848-April  3, 

Sept.  20, 
1849-May  7. 
June  30, 
Oct.  30, 
1850-July  3, 
1851-March  26, 
April  25, 
May  9  , 
July  25, 
Aug.  26, 
1852-Oct.  21, 
1853-July  9, 
July  29, 
Oct.  30, 
1854-Jan.  8. 
Feb.  6. 
Feb.  6, 
Aug.  5, 
July  2, 
Aug.  13, 
Aug.  25, 
Sept.  2, 
1855-Jan.  30, 
Aug.  29, 
Oct.  22, 
Oct.  26, 
Deo.  17, 
1856-June  13, 
July  17, 
July  5, 
1 857- Jan.  26 
April  2, 
June  4, 


Place  Number  of 

Fatalities 

du  Garston 1 

Latour 1 

Lane  Norn 1 

des  Souchettes 1 

Latour 1 

Latour 1 

du  Chanfour 22 

St.  Jean  de  Valeriscle 1 

de  la  Larade 1 

de  I'Estang 3 

St.  Joseph 10 

Mamby 1 

Mamby 17 

du  Port  de  Lane 1 

St.  Claude 5 

Osmond 2 

Osmond 4 

Osmond 1 

du  Creusot 1 

Beaunier 4 

Charles 15 

Luce 1 

du  Chene 1 

Abylon 1 

Villefoase 1 

de  Ste.  Barbe 1 

Foumier 3 

Fournier 5 

Bertrand 1 

Abylon 1 

de  Cherond 1 

Roche-la-Moliere 1 

de  ViUars 5 

d'Avaire 11 

Cinq  Sous 6 

St.  Jean  de  Valeriscle 1 

du  Raone 3 

Marie 1 

Luce 1 

Raves 9 

Cinq  Sous 13 

Abylon 4 

Meyron 1 

du  Re  Sokil 1 

Canol 2 

du  Cret  de  Mars 1 

Abylon 12 

La  Respie 4 

d'Agin  Court 6 

Marie  Louise 1 

Charles 2 

Charles 4 

Ravel 29 

Hippolyte 2 

de  Ste.  Barbe 1 

Lans  Nom 2 

de  la  Garenne 1 

du  Cret  de  Mars 1 

de  la  Pompe 1 

Marie  Louise 2 

St.  Mathieu 3 


Date  Place  _  ^ ,. 

1858-Jan.  20,  Fendue 1 

May  29,  Werbrauck I 

Aug.  18,  Delaynaud. I 

Aug.  16,  Cinq  Sous ' 

Oct.  2,  de  la  Garenne ! 

1859-May  14,  du  Lud ! 

1860- April  6,  Ste.  Marie o 

July  30,  Bleuse  Bome ! 

Aug.  30,  ViUars 

Oct.  15,  Ernestine ■ 

1861-Jan.  27.  de  la  Chaux 

May  26,  du  Breuil -1 

July  2,  Gallois ] 

July  9,  Ste.  Amelie 

July  22,  Grangier 3 

1862-March  24,  Beauvais 1 

April  10,  St.  Urbain 3 

May  22,  St.  Charles 1 

June  1,  Mires 1 

Aug.  23,  St.  Claude 3 

1863-Jan.  26,  Bleuse-Bome 3 

May  22,  Fendue  de  ViUars • 

Aug.  24,  Davy ^ 

Aug.  27,  du  Gabet • 

Oct.  28,  Luey I 

1864-Feb.  11,  Monterral 1 

1865-nJan.  30,  Beaunier 1 

Feb.  1,  delaChaux J 

Feb.  9,  Ourenne 5v 

July  17,  Lacroiz ' 

1866-April  9,  Jabin < 

April  16,  Beauvais - 

1867-Aug.  11,  Fendue  de  ViUars '^ 

Oct.  12,  Cinq  Sous ^ 

1868-Jan.  3,  St.  Augustin ' 

Feb.  2,  No.  1  Oetricourt * 

Feb.  19,  St.  Martin ^ 

Aug.  23,  Monterraz  No.  1 '^ 

Sept.  25,  No.  1  Lievin ^ 

1869-March  19,  d'Herin ^ 

May  21,  Monterrax  No.  2 ^^ 

Aug.  12,  St.  Louis • 

Aug.  21,  Monterrax  No.  2 ^; 

Nov.  22,  delaChaux ^ 

1870-May  14.  Lucy ^ 

June  9,  St.  Paul ^ 

July  7,  Abraham ^ 

July  14,  Lucy ^ 

July  19,  de  la  Compe 

Aug.  21,  Foumier 

1871-Feb.  1,  Ste.  Marie ^ 

Feb.  21,  Ste.  Helene ^ 

April  17,  de  la  Garenne ^J 

June  19,  Jabin ' 

July  3,  No.  2  Lievin " 

Sept.  8.  Jabin '^ 

1872-April  22,  No.  1  Auchy-la-Tour J 

Nov.  8,  Ste.  Eugenie ^ 

1873-Feb.  21,  Le  Chanfour 

Feb.  23,  Charles J 

April  20,  Devillaine 
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French  Explosions — Continued 


Date 

1873-May  15, 
June  7, 
Sept.  17. 

1874-Jan.  30, 

March  26, 
July  23, 
July  81, 
Oct.  12, 

1875- Jan.  3, 
Jan.  15, 
April  5, 
May  9, 
July  28, 
Oct.  22, 

187&-^an.  4. 
Dec.  24, 

1877-Feb.  22, 
JuneO, 

1878-Nov.  7, 

1880-Feb.  7, 
April  5, 
April  5, 
April  29, 
July  20, 

1881-April  16, 
May  25, 
May  17, 
May  28, 
July  29 
Oct.  31, 
Aug.  22, 
18S2-April  13, 
Jan.  28. 
July  12 
188a>Jan.  24, 
Feb.  12. 
Feb.  21, 
April  9. 
April  13, 
April  16, 
1884-Jan.  5, 


Place 


Deviilaine 

No.  2  Auchy-au*Bois. 

No.  3  Lens 

du  Raone 

No.  4  Lens 

Davy 

No.  2  Noaiz 

ReuBsite 

da  Sosprat 

de  Orelys 

Dolonieux 

No.  2  Auchy-au-Bois 
No.  1  Auchy-au-Bois. 
Marie 


Number  of 
Fatalities 

1 

7 

1 

1 

6 

2 


Jabin 186 


Malastre 

No.  1,  Lievin 

No.  3  Lens 

de  rOuert 

No.  2  Ferfay-Cauchy. 


8 
3 
1 

1 
1 
du  Feljas' 4 


Bonnepart 

de  I'Echo 

No.  1  Flechinelle 

No.  1  de  la  Vernade. 
No.  1  de  Lampret. 


1 
2 
1 
2 
1 

du  Lavpiat 8 

No.  1  de  Lampret 

St.  Mathieu 

des  Moronniers 

de  Leforest 

No.  3  Lievin 

des  Rosiers 

St.  Felix 

No.  1  Couroelles-les-Lens. . . 

No.  5  Lievin 

Ourenne 

Beaunier 

TEchirreur 

No.  1  Lievin 

Devillaine 


Date 

1884-^an.  11, 
July  24, 
Aug.  23, 

1885-Jan.  14, 
May  21. 
June  7, 
Aug.  21, 

1886-Feb.  27, 
June  24, 

1887-March  1, 
July  10, 
July  10, 
Nov.  16, 

1888-July  15, 
Aug.  28. 
Nov.  2, 

1889-March  15, 
May  1, 
Julys, 

189a-July  8. 
July  29, 
Aug.  4. 

1891-March  8, 
Aug.  7, 
Dec.  6. 

1895-July  9, 
Sept.  25. 

1896-May  6, 
Aug.  14. 
Aug.  17. 

1897-March  6, 
April  6, 
July  26, 

1900-May  2, 
June  29. 
Nov.  12, 

1901-March  21 
July  19, 
Aug.  1. 

1902-Oct.  15, 

1903-Aug.  26. 


Place 


Number  of 
Fatalities 


No.  2  Ferfay-Cauchy 17 

Beaunier 2 

No.  1  BuUy  Grenay 1 

No.  1  Lievin 28 

de  TArbonnet 1 

No.  1  Noaix 3 

No.  1  Courcelles-les-Lens. . .  10 

No.  1  I'Escaipelle 1 

St.  Charles 23 

ChatehesNo.  1 79 

Sud 1 

Notre  Dame 1 

Montmarte  No.  2 1 

de  Molieros 1 

No.  2  Ferfay-Cauchy 2 

de  Compagnac 49 

Central 17 

No.  1  Noaix 1 

Verpellieux 207 

Chapelon 1 

Pelisnier 113 

Pelisnier 3 

de  Creal 2 

de  Compagnac 1 

de  la  Manufacture 62 


Pontil 

No.  5  Noaix 

No.  1  Vicoigne. . . 

Beneges 

Herin 

No.  1  Droeviert. 


....  1 

....  1 

1 

1 

1 

1 

Ste.  Eugenie 4 

de  I'Arbonnet 1 

Renard 1 

de  Creal 1 

No.  3  BuUy-Grenay 1 

No.  2  Droeviert 4 

de  Molieres , 9 

No.  1  Bully-Grenay 1 

No.  8  de  Lampret 8 

No.  2  Bully-Grenay 2 


Table  VIII. — Belgian  Explosions  Caused  by  Gas  or  Dust 


Date 

1887-March  4, 

1891-July  19, 
Oct.  28, 

1892-Feb.  27. 
Mar.  11, 
May  31, 

1893-May  23, 
Aug.  7, 
Oct.  21, 

1894-April  1, 
May  12, 
May  27, 
June  2, 
June  29. 
June  12, 


Place 


Number  of 
Fatalities 


LaBoule,  Quaregnon 113 

Forohies 27 

No.  8  de  la  Lourire 2 

Belle  Yue  &  Bienvinne 2 

No.  3  Bois  de  la  Haye 160 

No.  6  D'Hornee-Wasmes ...  1 

Chaivirs 5 

Chaivirs 1 

Soxhluse 1 

No.  7  du  Gouppe 3 

No.  10  de  Feni-Raisin 1 

Viernoy 9 

Pays-Bas 3 

No.  2  Charbonnages  Rewnis  2 

Alliance 2 


Date 

1894-Sept.  9, 
1895-July  29, 
1898-Mar.  25. 
May  25, 
July  3, 
Aug.  13, 
1900-May  14, 
July  12, 
1901-April  26, 
1903-June  5, 
1904- Jan.  30, 
1905-July  17, 
1908-Jan.  19, 
Feb.  29. 
1909-Apr.  17,. 


Place 


Number  of 
Fatalities 


Ste.  Ive 1 

St.  Alphonse 1 

Cinq-Gustave 4 


Crachet  No.  12 

No.  7  du  Grand  Homu 

St.  Arthur 

St.  Bernard 

Albart 

de  Buisson 19 

St.  Jacques 1 

No.  9  du  Gouppe 2 

Viernoy 16 

No.  5Couchant  du  Fluin...     10 

No.  IdeOhlin 2 

Leval. 
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BULLETIN,  A.  L  M.  E.— ADVERTISING  SECTION 


Take  Along  Some  Air! 


Sullivan   Portable  Electric-Driven  Com- 
pressor **WK-a" 


Sullivan  "WK-2"  Compressor 
Motor  Side 


Sullivan  Portable  Air  Compressors 

possess  advantages  for  underground  power  distribution  that  appeal  to 
many  mine  owners. 

It  is  easier  and  cheaper  to  string  electric  wires  than  to  lay  air  pipes, 
so  that  in  extended  workings,  or  in  a  mine  under  development,  it  may 
be  more  desirable  to  bring  the  air  compressor  to  the  drills  than  to  set 
it  up  in  the  engine  room  "on  top." 

Sullivan  "WK-2''  Compressors 

are   complete,  portable   units,  independent,   except  for   the   electric 
feed  wire. 

The  single  stage,  center  crank  com- 
pressor is  driven  by  motor,  (A.C.  or 
D.C.)  through  gear  and  pinion.  The 
cylinder  has  a  hopper  jacket  for  cooling 
water.  The  motor  is  damp  proof. 
Capacity,  one  or  two  rock  drills  or 
several  hammer  drills,  etc. 

A  similar  compressor,  **WK"  is 
mounted  on  a  sub-base  for  permanent, 
non-portable  installation. 

Bulletin  958-Z,. 

Rock  Drills,  Hammer  Drills, 

Hoists,  Diamond  Core  Drills.  View  of  **WK",  stationary  Type.  Showing 

Gear  and  Pinion  Drive 

Sullivan  Machinery  Company 

122  s.  Michigan  Ave. 


Birmingham 
Boston  . 

Butte  _ 
Christiania 
Cobalt,  Ont. 


Denver 
El  Paso 

Juneau,  Alaska 
Joplin 


Knoxville 
London 
Nelson 
Montreal 
New  York 


Salt  Lake 
Paris 

Pittsburgh 
San  Francisco 


(1) 


Chicago,  IN. 

Seattle 
Spokane 
St.  Louis 
Sydney,  N.  S.  W. 
Vancouver,  B.  C. 


.gitized  by 


Googl 


BULLETIN,  A.  L  M.  R— ADVERTISING  SECTION 


1845 


1914 


W.  &  L  E.  OURLEY 

TROY,  IN.  Y. 

LARGEST  MANUFACTURERS  IN  AMERICA 
OF 

Field  Instruments  for  Mining  and  Civil  Engineers 


Also  makers  of  ACCURATB  THERMOMBTBRS 

PHYSICAL  AND  SCIENTIFIC  LABORATORY  APPARATUS 
STANDARD  WEIGHTS  AND  MEASURES 

BRANCH  FACTORT»  No.  si5  MAHITIMB  BUILDINO,  8B4TTLB,  WASH. 
Bond  for  Oorlej*!  Ma&val 
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BULLETIN,  A.  L  M.  R— ADVERTISING  SECTION 


LITTLE   ADS 

BY  OUR  CUSTOMERS 


"  LEYNER-INQERSOIL  "  DRILLS 


June  II,  1914 

We  use  only  Lbyner  Drills  in  tunnel 
work  and  recommend  them  above  all 
others.  The  progress  of  the  Leyner 
Drills  over  others  is  greater  the  harder 
the  rock.  We  consider  that  they  are  the 
only  drills  to  be  used  in  tunnel  work 
although  we  have  in  our  outfit  now  in  use 
on  outside  work  more  than  one  hundred 
piston  drills.  We  also  use  Leyner  Drill 
Sharpener  on  our  drill  steel. 


HARDAWAY  CONTRACTING  CO. 

WHITNEY,  N.  C 


A  TELEGRAM 


Send  for  Bulletin  4020 


INGERSOLL-RAIND  COMPANY 


NEW  YORK 


Offices  the  Worid  Over 


(3) 
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BULLETIN,  A.  L  M.  R— ADVERTISINQ  SECTION 


The 
Development 

of  Storage  Battery  Locomotives 
for  use  in  mines  dates  from 
the  perfection  of  the  EDISON 
Nickel-Iron  Alkaline  Storage 
Battery. 

The  Edison  Battery 

will  work  anywhere — ^wet  or 
dry,  hot  or  cold — for  anyone — 
expert  or  non-expert.  It  is  the 
only  economical  battery  for 
practical  mining. 


Edison  Storage  Battery  Co. 

1 65  Lakeside  Avenue,  Orange,  IN.  J. 
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The   Slogan   of  fhe   Cameron— ^'Character:   The    Grandest    Thhig" 


jJj-M 


0,-a-  ■ 


1000  Gallons  Per  Minute  Against  500  Feet  Head 

The  Cameron  Centrifugal  Pump  illustrated,  is  a  motor-driven  6" 
four-stage,  with  a  capacity  of  looo  gallons  a  minute  against  500  feet 
head  at  11 65  R.P.M.,  and  has  proved  very  eflSicient  and  economical. 

CAMERON 
CENTRIFUGALS 

have  been  found  by  Mining  Engineers  to  be  the  best  for  the  long, 
steady  pulls  of  pumping  so  prevalent  in  mine  work. 

It  is  very  simple,  compact  and  strong.  The  casing  is  horizontally 
split,  so  that  the  wojking  parts  may  be  easily  reached  without  dis- 
turbing pipe  connections  or  pump  alignment.  Finest  material  and 
workmanship. 

Built  in  many  types  and  sizes  for  various  classes  of  work.  Our 
Engineering  Department  will  gladly  figure  on  your  requirements. 

Write  for  Bulletin  No.  151  describing  our  Multi-stage  Centrifugal  Pumps. 

A.  S.  Cameron  Steam  Pump  Works 

11  Broadway,  New  York  offices  the  world  over 
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ALPHABETICAL  LIST  OF  ADVERTISERS 


PAoa 

Allis-Chalmers  Manufacturing  Co 14 

Baldwin- Westinghouse  Co 18 

Beer,  Sondheimer  db  Co 13 

Bausch  &  Lomb  Optical  Co 11 

Anson  G.  Betts 14 

A.  S.  Cameron  Steam  Pump  Works 5 

Denver  Fire  Clay  Co 14 

Denver  Rock  Drill  Co 14 

Dorr  Cyanide  Machinery  Co 13 

Edison  Storage  Battery  Co 4 

General  Electric  Co Outside  Back  Cover 

Goodman  Manufacturing  Co 15 

B.  R  Goodrich  Co 11 

W.  A  L.  E.  Gurley 2 

Harbison-Walker  Refractories  Co 15 

Illinois  Zinc  Co 15 

IngersoU-Rand  Co 3 

Jeffrey  Manufacturing  Co 9 

Lead  Lined  Iron  Pipe  Co 16 

A.  Leschen  &  Sons  Rope  Co 16 

LufkinRuleCo 13 

MacDonaldy  Bernard  (Parral  Tank  System) 12 

Mashek  Engineering  Co 16 

Nordberg  Manufacturing  Co.        22 

Otis  Elevator  Co .  17 

Peerless  Rubber  Manufacturing  Co 10 

Robins  Conveying  Belt  Co 17 

John  A.  Roebling's  Sons  Co 10 

P.  H.  A  F.  M.  Roots  Co 17 

Chas.  A.  Schieren 12 

Star  DrilUng  Machine  Co 8 

Sullivan  Machinery  Co 1 

Traylor  Engineering  &  Manufacturing  Co 9 

L.  Vogelstein  A  Co.  . 13 

Vulcan  Iron  Works 8 

Weston  Electrical  Instrument  Co .   .   .  ^.   .   .   .    7 
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Weston  Ammeters  &  Voltmeters 

FOR  A.  C.  MINING  SERVICE 

These  instmnieiits  are  of  the  same  standard  quality  and  possess 
the  same  (eatores  of  dorability  and  workmanship  as  the  weD- 
known  Weston  standard  D.  C  instruments.  They  are  se  lew 
in  price  as  to  be  within  the  reach  of  aU  users  ai  electrical 
measuring  instruments. 

Weston  A.  C.  instruments  are — 

Dead  Beat 

Extremely  Sensitrre 

Practically  Independent  ai 

Wave  Form  and  Temperature 

Error,  and  require  very  Little 

Power  to  operate 


BcttpKSwitcbboafd 
u»  C*  lostrtuiic&t 


FOR  D.C.  CIRCUITS  OF  SMALL        SwtiOAoui  A.C 
MINE  PLANTS  laKraaent 

Weston  Eclipse  Ammeters,  Milliammeters 
AND  Voltmeters 

are  well  suited.  They  are  of  the  "soft-iron''  or  Electro- 
magnetic typef  remarkably  accurate^  well  maide^  nicdy 
finishedy  and  espedallv  low  in  price.  Weston  Eclipse  in- 
struments are  far  in  advance  of  all  preceding  f cMrms  of  the 
sofl-iron  types. 

Write  for  catalogue  and  information. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  park,  N EWARK.  N.  J.,  U.  S.  A. 

Now  York  Offloo  :  114  Liberty  Street. 

London  Branch  :  Audrey  House,  Ely  Place,  Holbom. 

Paris.  Franoo :  E.  H.  Cadiot,  12  Rue  St  Georges. 

Borlln  2  European  Weston  Instrument  Co.,  Ltd.,  Schoneberg,  Genest  Sir..  5* 
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The  New  VULCAN  Hoist  at  Greensburg,  Pa. 


THE  first  thins  that  strikes  the  beholder  is 
the  picture  of  compact,  clean,  quiet  power. 
Power  is  exemplified,  too,  in  the  sensitiveness 
of  control.  It  is  fascinating  to  watch  the 
simple  work  of  the  operator.  The  compen- 
sated air-operated  brake  places  in  his  grasp  a 


machine,  flexible  and  instantly  subject  to  his 
will.  And  the  anti-overwinding  device  is  an 
absolute  protection  to  the  operator,  the  men 
in  the  cage,  and  the  property.    Let  us  send 

ou   full    facts   regarding   this  and    similar 

ULCANS. 


V 


VULCAN  IRON  WORKS,  1744  Main  St.,  WILKES-BARRE,  PA. 


New  York,  50  Church  Street. 


Chicago,  913  McCormlck  BMo. 


Star  Portable  Drilling  Machines 

BaUt  in  nun?  aliei  both  tra&tt^s  sad  aoii-tracti«a 
for  drflttng  all  depthi  to  4000  Unt. 


mm 


%  vv  ^^^ 


:--«!? 


^^».  W^- 


BQUIPPBD.POR  STBAM,  GAS  OR  BLBCTRICAL  POWBR 

For  Water  Wells— OU  and  Gas  Wells— Mineral  Prospecting— Railroad  and  Canal 
Excavations — Cement  and  Crushed  Stone  Quarries — Bridge  Soundings — Coal  Mine 
Ventillation— Irrigation,  Etc  Write  for  Illustrated  Catalog. 

THE  STAR  DRILLING  IfACHINB  COKPANT, 

General  Offices:  Akron,  Ohio.    Branch  Office:  a  Rector  St*  New  Toxk  Citf. 

Wockit  Akron,  OUo.— Chasitto,  Kansas.— Portltad^  Onfoa.— Loof  Baach,  CsL 
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A  TYPE  OF 


JEf  FR[Y  LOCOMOTIVE 


Especially 
Designed  for 
Metal  Mines 


H  Ball  Bearings  on  the 
motor  permit  of  large 
motor  capacity  for  nar- 
row gauges. 


Jeffiey  S-Ton  Electric  Mine  Locomotive^ 
Leetonia  Mining  Co,,  Nibbing.  Minn. 


U  Radial  draw  bars,  together  with  the 
short  wheel  base  permit  these  locomo- 
tives to  negotiate  curves  of  small  ra- 
dius without  wear  on  wheel  hubs  and 
journal  boxes. 


^  Locomotives  made  inte  rchangeable 
for  different  track  gauges  by  sup- 
plying extra  wheels  on  axles  and 
extra  journal  boxes. 


Write  fot  Mine  Locomotive  Catalogue  No.  iij 

JEFFREY  HANUFACTURING  CO.,  COLUMBUS,  O. 

ROCK  CRUSHIINQ 

Reduced  to  a  Science  by 

Traylor  Large-Jaw  Crushers 


Our  crushers  are  equipped  with  features  which  reduce  the  cost  of  maintenance  to 

a  minimum,  such  as 

Water  Cooled  Bearings.    Absolute  Adjustment.    Perfectly  Lubricated 

Bearings  and  Manganese  Steel  Wearing  Parts. 

For  further  particulars,  send  for  Catalogue  G-2. 

TRAYLOR  ENGINEERING  &  MANUFACTURING  CO. 

MAIN  OFFICE  &  WORKS— ALLEINTOW IN,  PA. 

N.  T.  Office,  30  Church  Street  Western  Office,  Salt  Lake  City 
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"PEERLESS^^  means  "WITHOUT  A  PEER'' 

Fortune  Conveyor  Belt        Peerless  **97"  Elevator  Belt 
Rainbow  Friction  Surface  Transmission  Belt 


These  brands  of  belt  represent  the  highest  quality  attainable  in  their  respective  types. 
DURABLB  REUABLB  EFFICIENT 

PEERLESS  RUBBER  MAI^UFACTURING  COKPANT 

1%  WARRBN  STRBBT,  NBW  TOKC,  H.  T. 

Manufacturers  of  Rainbow  Packing,  Peerless  Packing  and  Eclipse  Sectional  Gaskets. 
Also  valves,  air  drill  hose  and  all  other  mechanical  rubber  goods. 


Write  for  samples  and  prices 


Technical  catalogue  for  the  asking 


The  true  test  of  economy  in  the  use  of 
a  mechanical  appliance  is  not  so  much 
price  as  service. 

By  such  test  you  should  judge 


Roebling  Wire  Rope 


From  the  steel  furnace  to  the  finished 
rope  every  process  of  manufacture  is 
conducted  so  as  to  result  in  a  service- 
able rope. 

John  A.  Roebling's  Sons  Co. 


Trenton,  N.  J. 


nigiti7Prihv\iOOgh 
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I 


Men  and  mules  labor  inces- 
santly all  over  the  earth 
getting  the  ore  to  the 
surface,  but 

©eeii^eli 


carries  the  big  load 


**Longlife"  does  more  work  than  any  other  belt- 
ing—and at  lowest  tonnage  cost.  Its  great  tensile 
strength,  combined  xt'ith  perfect  flexibility  and 
good  friction,  make  it  the  leader  in  its  field.  Its 
edge  construction  is  unequalled.  Users  of 
Longlife"  eliminate  spillage,  edge  wear  and 
guide  idlers  from  their  mine  problems.  We  will 
gladly  refer  you  to  plants  which  are  finding  our  belts  best. 


7Vb«r«  is  nothing  in 
Goodrich  AdvrtisinB 
that  isn't  in 
Goodrich  Goods 


The  B.  F.  Goodrich  Co. 

Factories  t  Akron,  Ohio 
Branches  in  All  Principal  Cities 


Conveyor  Belts 
Elevator  Belts 
Transmission  Belts 
Hose— all  kinds 
Packing 
Valves,  etc. 


Maksrs  of  Goodrich 

Tirms  and  Evry- 

thing  that's  Bstt 

in  Ruhhor 


Bausch  &  Lomb  Engineers'  Precise  Level 

Exclusively  our  own  design 
— capable  of  the  most  accu- 
rate differential  leveling — can 
be  used  for  establishing  or 
observing  grades  up  to  3%, 
also  for  the  estimation  of  dis- 
tances by  the  gradienter 
method — ^provided  with  a 
powerful  telescope,  having 
exceptional  light-gathering 
power. 

This  unique  instrimient  is  characteristic  of  our  unusually  complete 
line  of  transits,  tachymeters,  theodolites,  levels,  alidades,  etc.  Send 
for  Catalog  Metro  ni,  describing  many  distinctive  features  of  our 
manufacture. 


Bausch  ^  Ipmb  Optical  (o. 


MEW    YOaK         WASHINGTON  CHICAGO 

LONDON  ROCHESTER,  N.Y. 


SAN    FRANCISCO 
rRANKFORT 

igitized  by 


» 

Google 


(11) 


BULLETI^T,  A.    I.  M.  E.— ADVERTISING  SECTION 


■wmjkttt  MAiiA 


Send    for   a 
trial   Belt  — 

Salejntari' 


A  Trade  Mark  Is  Only  Valuable  When  P(ac€d 
On  The  Goods — 

Then  it  acts  as  a  signed  statement  that 
the  goods  are  as  represented  and  holds 
the  manufacturer  to  his  written  word* 
This  trade  mart  on  every  foot  of  Schie- 
ren's  Duxbak  Waterproof  Leather  Belting 
means  that  the  belting  is  waterproof  and 
chemical  fume  proof,  perfect  in  material 
and  workmanship. 

CHARLES  A.  SCHTEREN  COMPANY 

39  FERRY  STREET  WEW  YORK  CITY 


PARRAL  TANK  SYSTEM  OF  SLIME  AGITATION 

The  most  Efficient  and  Economical  in 

Cyanidation  of  Gold  and  Silver  Ores 
Acid  Leaching  Copper  Ores 
Oil  Flotation  of  Sulphide  Ores 

For  information  address, 

Bernard  MacDonald,  Mgr., 
I.  W.  Hellman  Bldg.,  Los  Angeles,  Calif. 


COMPLBTB  GRAPHIC  SOLUTION  FOR 

KUTTER'S  FORMULA 

FOR  THB  FLOW  OF  WATER 
By  L.  I.  HBWBS  and  J.  W.  ROB,  Sheffield  Scientific  School,  Tale  UniTeraity. 

By  the  use  of  thia  diacram  and  a  straight-edge,  a  complete  solution  of  Kutter's  Formnlm 
for  any  given  conditions  can  be  obtained  in  30  seconds,  without  the  tedious  calculations 
otherwise  necessary. 

Printed  on  cloth,  15  by  16  inches.    Suitable  for  office  or  field  use. 

PRICB,  §0  CBNTS. 
Sent,  postpaid,  on  receipt  of  price,  by 

The  American  Institute  of  Mining  EngineerSi 

29  W.  39th  street,  New  York,  N.  Y. 


►C 


KEEP  UP  TO  DATE 

J      By  subscribing  to  the 
REVUE  DE  L*IINQENIEUR  &  INDEX  TECHNIQUE  aoth  Year) 

An  Engineering  Journal  and  Complete  Record  of  the  World's  Technical  Literature,  which 
indexes,  dassines  and  publishes  monthly  rteumte  of  hundreds  of  technica]  periodicala. 
^        Annual  Subscription.  24/  -.    Belgium  and  France,  so/  -.    Or  Better  Still  oy  Joinins 
THE  TECHNICAL  AND  INDUSTRIAL  INSTITUTES 

Comprising:  Division  A. — Indexed  Technical  and  Industrial  literature,  cuzrent  and 
retrospective.  Division  B. — Reading  Room  and  Reference  Library,  Mining,  Pronectisc, 
Specifications  of  Inventions.  Division  C. — ^Laboratories  for  Analyses.  Practical  Chem- 
istry, StudenU  admitted.  Laboratories  for  Inventors.  Division  D  — Industrial  Jims- 
prudence.  Division  B. — Translations  in  all  Languages  and  facilities  for  the  sohitaoa  of 
various  engineering  problems. 

Subscription  for  Membership,  40/  -  per  annum.    Further  particulars  on  Re<inaR 


Offices:  70,  Boulevard  D'Anderlecht,  Bruxelles 

Telephone:  B3300  Telegrams:  ITI 
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Efficient  Equipment 

The  Dorr  Classifier 

Ttie  Dorr  Continuous  Thickener 

The  Dorr  Agitator 

In  use  by  Institute  Members  all  over  the  world. 

The  Dorr  Cyanide  Machinery  Co. 

NEW  YORK                                DENVER,  COLORADO                                     LONDON 

BEER,  SONDHEIMER  CBi.  CO. 

Frankffort-on-IVIaln.  Oerinany 

NEW   YORK   OFFICE       -       -       6i    BROADWAY 

Zinc  Ores,  Carbonates,  Sulphides  and  Mixed  Ores,  Copper  Ores, 
Copper  Matte,  Copper  Bullion,  Lead  Bullion,  Lead  Ores,  Anti- 
mony Ores,  Iron  and  Manganese  Ores,  Copper,  Spelter,  Antimony, 
Antimonial  Lead,  Sulphate  of  Copper,  Arsenic,  Zinc  Dust. 

Own  Smelting  and  Refining  Works 


L.  VOGELSTEIN  CSl,  CO. 

42  Broadway  NEW  YORK 

BUYBRSi  SMELTERS 
AND    REFINERS    OF 

Ores  and   Metals  of  All  Classes 

Agents  for: 

Aron  Hirech  h  Sohn,  Halberttadt,  0«nnAny. 

United  States  Metele  Reflainc  Co.,  Chrome,  N.  J.  end  OraaeelU,  Ind. 

American  Zinc,  Lead  h  Smelting  Co.,  Caney  and  Dearing,  Kaneea. 

Kanaas  Zinc  Co.,  La  Harpe»  Kaneaa. 

The  Blectrolytic  Refining  A  Smelting  Co.  of  Australia,  Ltd.,  Port  Kembia,  N.  S.  W. 


ACCURACY  IN  MEASUREMENTS 

ia  best  obtained  through  the  use  of 

MEASURING  TAPES 

Y  The  more  soTore  the  tesL  the  better  their  showing. 
For  sale  by  all  dealers.    Send  for  Catalogue. 

TH£fUfMFN/?tfLEnO^   sagihaw,  mich..  u.  s.  a. 

W»W  TOEK  LOWDOH.  BHO. WIHDSOR.  CAW. 
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MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALUS-CHALMERS  MANUFACTURING  Ca 

Mflwaokee,  '^nsconsin. 
MINING    MACHINERY   of  Eveij    Type.    Complete 
Power  and  Electrical  Equipments.    For  all  Canadian 
business  refer  to  Canadian  Allis-Chalmers,  Limited, 
Toronto,  Ont 


NEW 
PROCESSES 


ANSON  G.  BEnS 

Troy,  N.  Y. 

Electrolytic  Lead  Refining;  Zinc  Recoveiy  from 
Complex  Ores;  Laboratories  for  Metallurgical  Re- 
search. 


PUMPS 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  New  York. 

CAMERON  VERTICAL  PLUNGER  SINKING 
PUMPS,  for  shaft  ainking.  CAMERON  HORIZON- 
TAL  PLUNGER   STATION  PUMPS,  for  handling 

gritty  water. 


ASSAYER8 

AND 
CHEMISTS 
SUPPLIES 


THE  DENVER  FIRE  CLAY  CO. 

Denver,  Celo.  Salt  Lake  City,  Utah. 

Manufacturera  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIPIERS,  MufiBes,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 


ROCK  DRILLS 

DRILL 
SHARPENERS 

AIR  METERS 

STEEL  HOSE 

ETC. 


DENVER  ROCK  DRILL  MANUFACTURING  Ca 

Denver,  Colo.        El  Paao,  Tex.        New  York  CItsf. 
Salt  Lake  City,  Utah.  San  Franoleee,  Cal. 

MANUFACTURERS  OP  WAUGH  DRILLS. 


CLASSIFIERS 

THICKENERS 

AGITATORS 


THE  DORR  CYANIDE  MACHINERY  Ca 

New  York  DENVER,  COLO.  London 

Machinery  in  use  for  Cyaniding.  Wet  gravity  Concen- 
tration, Flotation,  Leaching  Copper  ores  [and  many 
non-metallurgical  industrial  processes^ 

(  14  )  Digitized  by  CiOOQIC 


METALLURGICAL  EQUIPMENT 


EDISON  STORAGE  BAHERY  CO. 

Orange,  N.  J. 
Mano^ctorers  of  the  EDISON  STORAGE  BATTERY 
for  Mine  Haulage.    Write  for  descriptive  buUetin. 


EDISON 
STORAGE 
BATTERY 


GENERAL  ELECTRIC  CO. 

ELECTRIC 

Soheneetady,  N.  Y. 

MINE 

ELECTRIC  MINE  LOCOMOTIVES.    ELECTRIC 

LOCOMOTIVES 

MOTORS  for  Operating  Mining  Machinery. 

GOODMAN  MANUFACTURING  CO. 

Chloagoi  Illinois. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


THE  B.  F.  GOODRICH  CO. 

Akron  I  Ohio* 

Goodrich  ''Longlife*'  <«  Mazecon"  ft  «Graintielt''  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 
cost  than  any  other  belts  made. 


CONVEYOR 
BELTS 


HARBISON-WALKER  REFRACTORIES  CO. 

Pittslmrgh,  Penna* 

Refractories  of  highest  grade  for  Blast  Furnace  and  the 
Open  Hearth,  Electrical  Furnaces,  Copper  Smelting 
plants.  Lead  Refineries,  Nickel  Smelters,  Silver  Slimes 
and  Dross  Furnaces,  Allojf  Furnaces,  as  well  as  all 
other  types  in  use  intfaeyarious  metallurgical  processes. 


BRICK 

FIRE  CLAY 
SILICA 
MAGNESIA 
CHROME 


ILLINOIS  ZINC  CO. 

Poru.  III. 

Manufacturers  of   SPELTER,    SHEET    ZINC    and 
SUL'PHURIC  ACID. 


SPELTER 

SHEET  ZINC 

SULPHURIC 
ACID 

0  Google 
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COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  N«w  York. 
*'Retuni-Air*'  Pumps,  Coal  Shearers,  Pneumatic  Hoists, 
••Electric-Air"  Drills,  Coal  Punchers,  Pneumatic  Tools, 
'•Calyx"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


THE  JEFFREY  MFG.  CO. 

COAL 

Columbus,  Ohio. 

MINING 
MACHINERY 

Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Conveyvs,  Fans,  Hoists, 
Pumps,  etc. 

LEAD  LINED 

IRON  PIPE 

AND  VALVES 


LEAD  LINED  IRON  PIPE  CO. 

Wakoflold,  Mass. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — for  Acids  and  Corrosive  Waters. 


WIRE  ROPE 
AERIAL 

WIRE  ROPE 
TRAMWAYS 


A.  LESCHEN  &  SONS  ROPE  CO. 

IK  BUaiMMl  W  TIA  U 

IkvTtifc  Oieas*  St.  Louis,  Mo.  Dw^r  teFn 
Producing  WIRE  ROPE  of  qualities  and  constructi'n 
adapted  to  every  condition  of  wire  rope  service,  includ- 
ing the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramways  for  the  economical  transportation 
of  any  material. 


BRIQUETTING 
MACHINERY 


MASHEK  ENGINEERING  CO. 

90  Woat  St.,  Now  York. 

Complete  plant  equipments  4,  8,  z6  and  35  tons  of  s  to 
3  oz.  smokeless  and  odorless  briquettes  per  hour.  Com« 
plete  plants  designed  and  erected. 


MINING 
MACHINERY 


N0RDBER6  MANUFACTURING  CO. 

Milwaukee,  Wis. 

High  Efficiency  Steam,  Air  and  Electric  Hoists,  Air 
Compressors,  Blowing  Engines,  Pumping  Engines,  Cor- 
liss Engines  and  other  machinery  * 
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OTIS  ELEVATOR  COMPANY 

EI«vonth  Av«.  and  Twenty- Sixth  St.,  N«w  Y«rk. 

ornccs  in  all  principal  cities  op  thc  world. 
Bttild  and  erect  all  types  of  Freight  and  Passenger  Ele- 
vators— for  all  kinds  of  power; — including  Furnace 
Hoists,  Incline  Railways,  and  Special  Hoisting  Equip- 
ments and  Machines  for  Mining  use.  Correspondence 
invited. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


PARRAL  TANK  SYSTEM  OF  SLIME  AGITATION 

I.  W.  Hellman  Bldg.,  Los  Angeles 
Designs  and  furnishes  Complete  Plants  for 
Cyanidation  of  Gold  and  Silver  Ores 
Acid  Leaching  of  Copper  Ores 
Oil  Flotation  of  Sulphide  Ores 
Full  information  on  request. 


PARRAL 
TANK 
SYSTEM 
OF 
SLIME 
AGITATION 


PEERLESS  RUBBER  MF&  CO. 

New  York 

Manufacturers  of  Conveyor,  Elevator  and  transmission 
belts;  packing,  valves,  air  drill  hose  and  all  other  me- 
chanical rubber  goods.    Write  for  catalogue. 


CONVEYOR 
BELTS 

PACKING 

VALVES 

AIR  DRILL 
HOSE 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  Row,  Naw  York. 

Messiter  ORE  BEDDING  Systems — FURNACE 
FEEDERS;  SORTING  BELTS,  and  many  otl»er 
special  applications  of  what  was  the  Pioneer  and  is  the 
Standard  Belt  Conveyor;  Coal  Handling  Systems; 
Electric  Locomotives;  Hoisting  Machinery. 


ROBINS 

BELT 

CONVEYORS 


JOHN  A.  ROEBLING'S  SONS  CO. 

Tranton,  N.J. 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 
agencies  and  branches  throughout  the  country. 

WIRE 
ROPE 

p.  H.  &  F.  M.  ROOTS  CO. 

Connaravllla,  Ind. 
Manufacturers  of  the  Roots  Positive  Pressure  Blowers 
for  Smelting,   Foundry  and   Filtration  Work.    Write 
for  Catalogue. 


POSITIVE 

PRESSURE 

BLOWERS 

VACUUM  AND 
ROTARY  PUMPS 

GAS 
EXHAUSTERS 
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WATERPROOF 
LEATHER 
BELTING 


CHARLES  A.  SCHIEREN  COMPANY 

39  Ferry  Street,  New  York 

Manisfactiirers  of  SCHIEREN'S  DUZBAK  WATER- 
PROOF LEATHER  BELTIHG.  The  belting  is  water- 
proof and  chemical  proof,  perfect  in  material  and 
workmanship. 


DRILLING 
MACHINERY 


THE  STAR  DRILLING  MACHINE  COMPANY 

General  Offices:  Akron,  O. 

Branch  Office:  2  Rector  St,  New  Toik  Citj. 

IMS  ittm.  Mk-ikMle.  Iks.— Plrtai  OreiN.-tM  iMdi,  U. 
Manufacturers  of  Portable  Wr*l  DriUL^  Madiineiy, 
traction  or  non-traction  for  drilling  all  depths  to  4000 
feet,  equipped  for  Steam,  Gas  or  Electric  Power, 


ROCK   DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


SULLIVAN  MACHINERY  CO. 

122  South  Michigan  Ave.,  Chicago,  HL 
Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Fans. 


MINING 

MILLING 

SMELTING 

CRUSHING 

MACHINERY 


TRAYLOR  ENGINEERING  &  MANUFACTURING  CO. 

Msln  OfflM  and  Works— Allsntown,  Pa. 
Hew  York  Offlo«,  Western  Oflleep 

SO  Church  Street  Salt  Lake  City 

Manufacturers  of  MINING,  MILLING,  SMELTING 
and  CRUSHING  Machinery.  TRAYLOR  Products  pos- 
sess Quality.    Our  Expert  Engineers  sre  at  your  service. 


AIILMMWriVB 
mum  MdlNERY 
CMl-WASIIW  PUKTS 
CONVEVW  MdlNElY 
aUSHIM  lAOIIHElY 
fiASOUNE  LOCOHOTIVfS 
NISTIMi  ANI IMJUM  NA- 

CIINEIY 
STEAi  LOCINNTIVCS 
VENTIUTIMi  FANS 


VULCAN  IRON  WORKS 

WllkM-Bapr«,  Pa. 
Vulcan  Electric  Mine   Hoists,  Steam   Hoists,  Aolst- 
ing  and   Haulage    Engines,  Mining    Machinery,  etc 
Nicholson  Device  for  Prevention  of  Overwinding. 


ELECTRIC 

MINE 

LOCOMOTIVES 


WESTIN6H0USE  ELECTRIC  &  MF&  CO. 

East  PitUburgh,  Pa. 
THE  BALD WIN-WESTINGHOUSE  ELECTRIC  MINE 
LOCOMOTIVES.    For  full  information  write  either  to 
aboYO  address   or  THE  BALDWIN   LOCOMOTIVE 
WORKS,  Philadelphia,  Pa. 
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METALLURGICAL  EQUIPMENT 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Wav«rly  Park,  Newark,  N.J. 

Weston  EcUpse  AMMETERS,  MILLIAMMBTERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 


DIRECTORY  CARDS 

RATE  FOR  PUBLICATION  OF  CARDS  IN 
THE  DIRECTORY  OF  MINING  AND  METAL- 
LURGICAL EQUIPMENT  WILL  BE  QUOTED 
ON    REQUEST. 


RATES 


THESE  CARDS 

comprise  a  concise  statement  concerning  the  product 
of  each  firm  and  are  published  with  a  view  to  fur- 
nishing members  of  this  Society  with  a  reference  list. 


REFERENCE 
LIST 


ALPHABETICAL  AND  ANALYTICAL 

INDEXES 

To  the  Transactions  of  the  American  Institute  of  Mining  Engineers 

VOLUMES  I  to  XXZV— 1871  to  1904 
706  pages,  6  by  9  inches. 

Bound  in  clofh, 

Bound  in  half-morocco, 

VOLUMES  ZXXVI  to  ZIr~1906  to  1909 
186  pages,  6  by  9  inches. 

Bound  in  cloth, 

Bound  in  half -morocco,         » 


$5.00 
$6.00 


$1.60 
$2.60 


Taken  together  these  two  indexes  furnish  in  convenient  form  for  ready  reference 
everything  of  importance  contained  in  the  Transactions^  and  give  to  both  member 
and  non-member,  whether  possessing  a  set  of  the  Transactions  or  not,  the  means  of 
ascertaining  at  a  minimum  expenditure  of  time  and  trouble  the  exact  contents  of 
the  volxmies  on  any  given  subject  of  special  interest. 

Sent,  prepaid,  on  receipt  of  price  by 


The  American  Institute  of  Mining  Engineers, 

29  West  39th  Street,  New  Y; 


^oo<  ^k 
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BULLETIN,  A.  I.  M.  E.— ADVERTISING  SECTION 


Typical  Nordberg  Tw>-Drum  EUctric  Hoiit 

Nordberg  Electric  Hoists 

^^ORDBERG  Electric  Hoists  are  built   in   all    sizes,    single 
and   double   drum,   hand   operated   in   small    sizes,   and 
with  oil  or  air  thrust  cylinders  in  larger  sizes. 

The  above  drawings  show  a  typical  small,  hand  operated, 
two-drum  hoist  of  a  type  built  in  large  numbers.  Four  were 
recently  supplied  for  Phelps,  Dodge  &  Co. 

Each  drum  is  supplied  with  a  Nordberg  axial  plate  dutch 
and  post  brakes  suspended  by  carriers,  so  as  to  have  absolutely 
parallel  motion. 

The  clutches  are  operated  by  powerful  mechanism  consisting 
of  a  hand  wheel,  worm  and  sector  and  the  brakes  by  hand  levers 
and  quadrants.    The  gears  are  of  cut  herringbone  type. 

Perfect  alignment  of  gear  and  pinion  is  assured  by  the  provision  of  beaiiocs 
on  each  side  of  the  pinion  and  gear,  all  on  the  same  bed  plate,  and^all  arranged 
at  one  end  of  the  hoist. 

IN  NORDBERG  HOISTS,  SAFETY  IS  THE  FIRST  CONSIDERATION 


NORDBERG 


7 


Fot  further  information  on  Nordberg  Electric  Hoists 
Oik  for  our  Bulletin  No,  34. 

NORDBERG  MANUFACTURING  CO. 

Milwaukee,   Wisconsin 


NAailNQtt 


Manufacturers  of  High  Efficiency  Corlias  Engines;  Uniflow 
Engines;  Poppet  Valve  Engines;  Air  Compressors;  Blowing 
Engines;  Hoisting  Engines;  Pumping  Engines;  and  other 
machinery. 
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Discussion  of  the  paper  of  James  Johnston,  The  Mill  and  Metallurgical  Practice  of  the 
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Discussion  of  the  paper  of  Theodore  P.  Holt,  Chloridizing  Leaching  at  Park  City.     By 

F.  S.  Schmidt,  Oliver  C.  Ralston,  and  Theodore  P.  Holt, 1766 

Discussion  of  the  paper  of  E.  D.  Gardner,  Mining  Claims  within  the  National  Forests. 

By  H.  V.  Winchell,  T.  C.  Hoyt  and  D.  W.  Brunton, 1761 
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AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
29  West  39th  Street,  New  York,  R  Y. 


PROPOSAL  FOR  MEMBERSHIP 


Mr., 


(Name  In  Full) 


Occupation- 
Address 


is  hereby  proposed  by  the  undersigned^  as  a^ 


of  the  American  Institute  of  Mining  Engineers. 


Slgxuiturea  of  three 

Members  or 

AflBociatet. 


Flace  of  births 


.  Year  of  births 


EdTJbcatioTh,  g&neral  and  technical,  when,  where  and  how  cuoquired, 
.  with  degrees,  if  any. 


Dates 


-D+grte-e^^ 


Google 


Record  of  experience.  Briefly,  the  past  and  present  eTtvployment, 
with  names  of  employers,  companies  and  associates.  (Proper  names, 
ruumes  of  companies,  etc.,  should  he-written  without  aibhrevioMons.) 


Dates 


Present  position^ 


^gnature. 


Dated^ 


.191 


EXTRACTS  FROM  THE  CONSTITUTION. 

ARTICLE  II.— Members. 

Sec.  1.  The  membership  of  the  Institate  shall  comprise  four  classes,  namely:  1.  Memben;  2.  Hon- 
orary Members ;  3.  Associates ;  4.  Junior  Members.  *  *  * 

Sec.  2.  The  following  classes  of  persons  shall  be  eligible  for  membership  in  the  Institute,  namdy :  u 
Members,  all  professional  mining  engineers,  geologists,  metallurgists,  or  chemists,  and  all  persons 
actively  engaged  in  mining  and  metallurgical  engineering,  geology,  or  chemistry ;  as  Associates,  «11 
persons  desirous  of  being  connected  with  the  Institute  who  in  the  opinion  of  the  Board  of  Directors 
are  suitable. 

As  Junior  Members,  all  students  in  good  standing  in  engineering  schools  who  have  not  taken  tbeir 
degrees  and  who  are  nominated  by  at  least  two  of  their  instructors.  *  *  * 

Every  candidate  fur  election  as  a  Memljer,  Associate,  or  Junior  Member  must  be  proposed  for  election 
by  at  least  three  Members  or  A.ssociates,  must  be  approved  by  the  Committee  omMcmbcrAip,  ss  pro- 
scribed in  the  By-lAws,  and  must  be  elected  by  the  Board  of  Directors.  by  VjOOQ  IC 


Barvard  OoUeere  Ub^wy 

Aug.   14,   IQiO. 

Bequest  of 

Brasmus  Darwin  Leavi6tr 


BULLETIN  OF  THE 

AMERICAN  INSTITUTE  OF 

MINING  ENGINEERS 


No.  95  NOVEMBER  1914 


PablUhad  Monthly  by  the  Axnerioan  Institata  of  Mining  Engineers  at  212-218  York  St., 
York,  Fau.  H.  A.  WnovsKvr.  Publioatlon  M«nager.  Editorial  Offioe.  29  West  30th  St.,  New  York, 
N.  Y.,  Bbadlbt  8TOT7aBTOif,  Editor,  F.  O.  Pibbcb,  Aast.  Editor.  Cable  address.  "Aime."  Weetern 
Union  Telesraph  Code.  Subioription  (indudinc  poatace).  $10  per  annum;  to  members  of  the  Insti- 
tute, publio  libraries,  edooational  institutions  and  teehnical  sooleties,  S6  per  annum.  Single  copies 
(inoluding  postage),  $1  eaoh;  to  members  of  the  Institute,  public  libraries,  etc.,  50  cents  each. 

Entered  as  Seoond  Class  matter  January  28. 1914.  at  the  Post  Office  at 
Yoric,  Ponn^ylTania,  under  the  Act  of  March  3, 1879. 


JXJLY,  1914,  BULLETIN  RUNNING  SHORT 

There  has  been  such  a  heavy  demand  for  the  Bulletin  of  July,  1914, 
that  we  now  have  left  in  stock  less  of  these  Bulletins  than  there  are  mem- 
bers who  will  be  entitled  to  receive  them  but  who  have  not  yet  received 
them  in  accordance  with  the  Institute  By-Law  which  prevents  our  send- 
ing Bulletins  to  those  members  who  have  not  paid  their  dues  for  the  cur- 
rent year.  No  more  July  Bulletins  will  be  sold,  in  an  effort  to  protect  our 
members,  but  all  those  members  who  have  not  yet  paid  their  dues  for  the 
year  1914  are  urged  to  do  so  at  once,  because  Bulletins  will  have  to  be  sent 
strictly  in  accordance  with  the  rule  of  "first  come,  first  served." 


BULLETINS  WANTED 

Anyone  having  copies  of  the  Bulletin  for  February  and  March,  1914, 
which  he  is  willing  to  dispose  of,  is  requested  to  communicate  with  the 
office  of  the  Institute,  for  the  benefit  of  a  member,  who  offers  50  cents 
each  for  these  numbers. 
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BOARD  OF  DIRECTORS 

Meeting  of  Sept  25,  1914. — The  Committees  to  have  charge  of  the 
arrangements  for  the  Annual  Meeting  in  New  York,  Feb.  15  to  18, 1914, 
were  appointed. 

It  was  voted  that  the  Secretary  of  the  Institute  take  up  with  the  Chair- 
men of  the  Local  Sections  the  question  of  arranging  for  the  transportation 
to  the  meetings  of  the  Institute  of  the  members  of  the  respective  sections. 

The  Board  of  Directors  unanimously  voted  to  extend  to  each  and  all 
of  the  members  of  the  Local  Committees  of  the  Salt  Lake  Meeting  its 
hearty  thanks  for  their  efforts  which  resulted  in  the  very  succ^ul 
meeting. 

The  President  was  authorized  to  sign  the  letter  to  the  President  of  the 
United  States  in  regard  to  the  appointment  of  some  representative  of  the 
mineral  industry  upon  the  Federal  Trade  Commission. 

An  appropriation  of  $250  was  granted  to  the  Southern  California 
Local  Section. 

The  By-Laws  of  the  Utah  Local  Section  were  approved. 

Upon  recommendation  of  the  Conamittee  on  Membership,  133  mem- 
bers, 7  associates  and  13  juniors  were  elected  to  membership. 

Bradley  Stoughton,  Secretary, 


REPORT  OF  THE  COMMITTEE  ON  NOMINATIONS 

October  10,  1914 
The  Nominating  Committee  of  the  American  Institute  of  Mining 
Engineers  has  the  honor  to  present  the  following  nominations  for  officers 
of  the  Institute  to  be  voted  for  at  the  1915  Annual  Meeting: 

For  President: 

Mr.  William  L.  Saunders District  0 

For  Vice-Presidents: 

Mr.  Sidney  J.  Jennings District  0 

Mr.  Rhilip  N.  Moore ' District  3 

For  Directors: 

Mr.  Samuel  A.  Taylor District  2 

Mr.  Robert  W.  Hunt District  3 

Mr.  Hennen  Jennings District  9 

Mr.  George  C.  Stone District  0 

Mr.  W.  H.  Aldridge District  6 

William  J.  Cox,  Chairman. 

LANTERN  SLIDES  OF  MINING  VIEWS 

The  Chairman  of  one  of  the  technical  committees  of  the  Institute  has 
pointed  out  the  desirability  of  the  Institute's  maintaining  a  collection  of 
lantern  slides  of  mining  views  to  be  placed  at  the  disposal^of  the  members 
of  the  Institute  without  cost  or  else  at  such  terms  of  rental  as  the  Board 
of  Directors  might  decide.  In  furtherance  of  this  idea  the  Board  of 
Directors  of  the  Institute  has  ordered  a  notice  to  be  published  in  the 
Bidletin  saying  that  lantern  slides  of  mining  views  will  be  very  gratefully 
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received  by  the  Institute  office  and  will  be  maintained  on  record  for  the 
benefit  of  members.  Already  a  number  of  lantern  slides  have  been 
promised  and  it  is  hoped  that  others  will  be  forthcoming. 


PERSONAL 


(Members  are  urged  to  send  in  for  this  column  any  notes  of 
interest  concerning  themselves  or  their  fellow-members.) 

Members  and  guests  who  registered  at  Institute  headquarters  during 
the  period  Sept.  10  to  Oct.  10,  1914: 

James  D.  Moonev.  Akron,  Ohio.  J.  Kojima,  Ashio  Copper  Mine,  Japan. 

Bernard     A.     Wukinsony     Guadalajara,  H.  Starkweather,  Cripple  Creek,  Colo. 

Mexico.  S.  S,  Langley,  New  York,  N.  Y. 

A.  B.  Parsons,  Candor,  N.  C.  J.  H«  Warder.  Chicago,  111. 

Arthur  Feiist,  Santo  Domingo,  Nicaragua.  Lloyd  T.  BueU,  Butte,  Mont. 

G.  B.  Marshall,  New  York,  N .  Y.  George  R.  Rogers,  Gowganda,  Canada. 

Henry  Knimb,  Salt  Lake  City,  Utah.  H.  O.  Hammond,  Douglas,  Ariz. 

Herbert  S.  Kohlberg,  El  Paso,  Texas.  Percy  £.  Hohne,  El  Oro,  Mexico. 

Wilbur  L.  Cross,  Jr.,  Glen  Carbon,  Pa.  Percy  E.  Barbour,  Candor,  N.  C. 

Thomas  H.  Leggett,  formerly  in  charge  of  the  mining  interests  of  the 
American  Smelting  &  Refining  Co.,  has  resumed  practice  as  consulting 
engineer  with  offices  in  the  Singer  Building,  New  York,  N.  Y. 

John  R.  Stanton  has  been  elected  President,  and  Frank  M»  Stanton 
Treasurer,  of  the  Mohawk  and  Wolverine  Mining  companies. 

H.  L.  Williams,  of  the  staff  of  the  New  Jersey  Zinc  Co.,  has  been  trans- 
ferred from  New  York  to  Salt  Lake  City. 

R.  W.  Brock  has  resigned  as  Director  of  the  Canadian  Geological 
Survey  and  Deputy  Minister  of  Mines  to  become  Professor  of  Applied 
Science  in  the  University  of  British  Columbia. 

E.  P.  Kennedy,  Assistant  Superintendent,  and  W.  P.  Lass,  Superintend- 
ent, of  the  cyanide  plant  of  the  Alaska-Treadwell  Gold  Mining  Co.,  have 
resigned  their  positions  to  open  an  office  for  consulting  work  at  Juneau, 
Alaska. 

L.  H.  Underwood  has  been  appointed  Assistsmt  Superintendent  of  the 
by-product  coke  department  of  the  United  States  Steel  Corporation  at 
Gary,  Ind. 

D.  L.  H.  Forbes,  formerly  of  the  sta£f  of  the  Merrill  Metallurgical 
Co.,  has  been  appointed  Chief  Engineer  of  Construction  for  the  Chile 
Exploration  Co.,  and  has  gone  to  Chuchicamata. 

John  Mocine,  General  Manager  of  the  National  Copper  Mining  Co., 
Mullan,  Idaho,  has  accepted  the  position  of  Superintendent  of  Surface 
Plants  for  the  Goldfield  Consolidated  Mines  Co.,  Goldfield,  Nev. 

Chester  A,  Fulton  left  New  York  on  Oct.  14  to  accept  a  position  with 
the  Cia.  Minera  Anomina  Lo  Increible  in  Venezuela.  ^  t 
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ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

Member,  technical  graduate,  aged  35,  with  experience  as  surveyor, 
sampler,  assayer,  and^cyanide  superintendent,  desires  position  as  engi- 
neer or  cyanide  operator.    No.  157. 

Member,  technical  graduate,  aged  34,  with  12  years'  experience, 
including  engineering,  construction,  and  management  of  gold,  silver,  cop- 
per, and  quicksilver  mines,  desires  position  of  superintendent  of  gold  or 
silver  property.    No.  158. 

Technical  graduate,  aged  24,  with  experience  as  mine  surveyor  and 
instructor  in  chemistry,  desires  position  as  instructor  in  mining.    No.  159. 

Member,  aged  29,  technical  graduate,  with  experience  in  exploration, 
prospecting,  mining,  concentration,  smelting,  and  as  assayer  and  chemist, 
engineer,  and  draftsman  (smelter)  in  United  States,  Canada,  Africa, 
South  America,  and  Australia,  desires  to  become  connected  with  a  firm 
of  consulting  engineers.     Speaks  Spanish.    No.  160. 

Member,  aged  32,  technical  graduate,  lead  metallurgist,  with  10  years, 
experience  in  design,  erection,  and  operation  of  large  lead  smeltery,  last 
five  years  as  superintendent,  with  executive  and  technical  experience  for 
the  past  three  years,  is  open  for  engagement  Jan.  1,  1914.    No.  161. 

Junior  Member,  graduate  metallurgist,  experienced  in  steel  works 
laboratory,  sampling  room,  and  rolling  mill  work,  desires  a  position  with 
good  chance  of  advancement  in  practical  side  of  steel  making.  Open 
hearth,  blast  furnace,  or  electric  furnace  work  preferred.    No.  162. 

Member,  single,  aged  26,  technical  graduate,  three  years'  experience 
as  engineer  and  superintendent  in  Michigan  iron  mines.     No.  163. 

Member,  aged  28,  technical  graduate,  with  experience  in  gold  dredging 
and  placer  examination  in  the  United  States  and  West  Africa,  desires  a 
position  as  assistant  in  mining  and  geological  exploration.  Best  refer- 
ences furnished.     No.  164. 


NEW  YORK  LOCAL  SECTION 

Executive  Committee 

Lewis  W.  Francis,  Chairman 

WiLLARD  S.  Morse,  Vice-Chairman 

Thomas  T.  Read,  Secretary ^  Woolworth  Bldg.,  New  York,  N.  Y. 

Philip  A.  Mosman,  Treasurer 

Louis  D.  Huntoon  William  A.  Pomeroy 

The  October  meeting  of  the  New  York  Local  Section  was  held  on 
Oct.  2,  at  1424  Broadway,  following  a  beefsteak  supper  at  which  71 
members  were  present. 

B.  B.  Thayer  spoke  briefly  on  present  labor  conditions  at  Butte,  A.  A. 
Blow  discussed  labor  conditions  in  New  Zealand,  and  Hennen  Jennings 
discussed  the  fundamental  problems  of  industrial  unrest.  Several  other 
members  joined  in  the  informal  discussion  which  followed. 

The  next  meeting  will  be  held  on  Nov.  7. 

Thomas  T.  Reai^  SecreUtry- 
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ST,  LOUIS  LOCAL  SECTION 

Executive  Committee 

Herbert  A.  Wheeler,  Chairman 

FiRMiN  V.  Desloge,  Vice-Chairman 

Walter  E.  McCourt,  Secretary-Treasurer,  Washington  University, 

St.  Louis,  Mo. 
W.  Malcolmson  R.  a.  Bull  Philip  N.  Moore 

A  meeting  of  the  St.  Louis  Local  Section  of  the  Institute  was  held  at 
Bonne  Terre,  Mo.,  Oct.  2,  1914,  at  which  a  number  ofjexcellent  technical 
papers  were  read.  In  connection  with  the  meeting  an  excursion  to  the 
sout^heast  Missouri  lead  district  was  arranged,  covering  two  days,  and 
afifording  an  opportunity  to  visit  the  mines  and  mills  of  the  entire  district. 

W.  E.  McCouRT,  Secretary, 


UTAH  LOCAL  SECTION 

Committee 

Robert  C.  Gemmell,  Chairman 

George  D.  Blood  Lafayette  Hanchett  George  W.  Riter 

Ernest  Gayford  Duncan  MacVichie 

The  Utah  Local  Section  of  the  Institute  has  issued  an  announcement 
of  its  first  annual  meeting,  to  be  held  in  the  Assembly  Room  of  the  Com- 
mercial Club,  Salt  Lake  City,  Oct.  10,  1914.  The  principal  business  to 
come  before  the  meeting  was  the  election  of  officers  for  the  ensuing  year. 


SOUTHERN  CALIFORNIA  LOCAL  SECTION 

Executive  Committee 

Theodore  B.  Comstock,  Chairman 

Seeley  W.  Mudd,  Vice-Chairman 

Frederick  J.    H.  Merrill,  Secretary-Treasurer,  300  Germain  Bldg., 

Los  Angeles,  Cal. 
A.  B.  Carpenter  C.  Colcock  Jones 

The  Southern  California  Local  Section  held  its  first  meeting  after  the 
summer  vacation  on  Oct.  23,  at  the  HoUenbeck  Hotel,  Los  Angeles.  Dr. 
H.  W.  Morse,  of  the  Western  Precipitation  Co.,  presented  a  paper  on 
Electric  Dust  Precipitation  in  Smelter  and  Cement  Mill  Practice. 

F.  J.  H.  Merrill,  Secretary. 
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LIBRARY 

American  Institute  op  Electrical  Engineers 
American  Society  op  Mechanical  Engineers 
American  Institute  op  Mining  Engineers 
United  Engineering  Society 

William  P.  Cutter,  Librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to 
10  P.M.  on  all  week-days,  except  holidays,  from  September  1  to  June  30, 
and  from  9  a.m.  to  6  p.m.  during  July  and  August.  The  Library  contains 
about  55,000  volumes,  including  sets  of  technical  periodicals  and  the 
publications  of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a 
portion  of  their  time  in  localities  isolated  ^from  sources  of  information. 
To  these  the  Library  can  render  valuable  service  through  correspondence; 
letters  requesting  information  will  receive  special  attention.  The  Libraiy 
is  prepared  to  furnish  references  and  copies  of  articles  on  mining  and  metal- 
lurgical subjects;  to  determine  the  existence  of  mining  maps,  and  to 
furnish  general  information  as  to  the  geology  and  mineral  resources  of  all 
countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining  reports,  maps  privately  issued,  and  similar 
materi^,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that 
members  while  in  the  city  will  use  the  Library  freely,  and  assurance  is 
given  that  most  careful  service  will  be  rendered  to  them. 

Library  Accessions 
Partial  List  Classified  by  Subjects 

Mining  and  Metallurgy 

Rbsttscitation  from  Mine  Gasbs,  Report  of  the  Committee.    Technical  Paper 

77,  U.  S.  Bureau  of  Mines.     Washington,  1914. 
Mother  Lode  and  Sunset  Mines,  Boundary  District,  B.  C.    Memoir  19,  Canada 

Dept.  of  Mines.     Ottawa,  1913. 
Die  Fabrikation  des  Hartousses.     By  R.  Weber.    Berlin,  1913. 

ChEMISCHE     UnTERSUCHUNGSMETHODEN    Ft^R    ElSENHttTTEN    UND     DEREN    NeBEN- 

BETRiEBE.     By  Albert  Vita  and  Carl  Massenez.    Berlin,  1913. 

Economic  Geology  and  Mineral  Production 

Belgium.  MinistI^re  de  l'Int^rieur.  Annuaire  Statistiqxte  de  la  Belgiquk  et 
Du  Congo  Belge.     Vol.  xliv.    Bruxelles,  1914.     (Gift  of  Minist^re  de  Tlntdrieur.) 

Clay  and  Shale  Deposits  of  the  Western  Provinces,  Part  III.  Memoir  47. 
Canada  Dept.  of  Mines.     Ottawa,  1914. 

Contributions  to  Economic  Geology,  1911,  Part  I.  Bull.  630,  U.  S.  Geological 
Survey.    Washington,  1913. 
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Maqnbtitb  Occurrences  near  Calabogie,  Renfrew  County,  Ontario.    Canada 

Mines  Department.     Ottawa,  1914. 
Mineral  Industry.    Vol.  xxii,  1913.     New  York-London,  1914. 
Marbles  op  Georgia.     Preliminary  report.     Bull.  1,  Georgia  Geological  Survey. 

Atlanta,  1907.     (Gift  of  U.  S.  Geological  Survey.) 
Moose  Mountain  Iron-Bearing  District,  Ontario,  with  Maps.    Canada  Mines 

Department.     Ottawa,  1914. 
Orb  Deposits  of  Northeastern  Washington.    Bull.  550>  U.  S.  GeologicarSurvey. 

Washington,  1914. 
Origin  of  Coal.    Bull.  38,  U.  S.  Bureau  of  Mines.    Washington,  1913. 
U.  S.  Geological  Survey.     Mineral  Resources,  parts  I-II,  1912.    Washington,  1913. 
The  Broad-Top  Coal  Field  of  Huntingdon,  Bedford,  and  Fulton  Counties, 

Pbnn.,  with  Maps.     Report  No.  10,  Pennsylvania  Topographic  and  Geologic 

Survey.     Harrisburg,  1913. 

General 

Factors  Governing  the  Combustion  of  Coal  in  Boiler  Furnaces.    Technical 

Paper  63,  U.  S.  Bureau  of  Mines.     Washington,  1914. 
Psychology  of  Management.    By  L.  M.  Gilbreth.    New  York.    Sturgis  &  Walton 

Co.,  1914.     Price  $2.     (Gift  of  Publishers.) 
[Note. — A  publication  in  book  form  of  the  essays  appearinff  originally  in  Indus-' 
trial  Engineering,     A  careful  study  of  the  underlying  principles  of  Scientific  Man- 
agement.—W.  P.  C] 

Company  Reports 

Broken  Hill  Proprietary  Co.,  Ltd.  Reports  and  Statements  of  Account  for  half- 
year  ending  May  31,  1914.     Melbourne,  1914.     (Gift  of  Company.) 

Broken  Hill  South  Silver  Mining  Co.  Reports,  Statements  of  Accounts,  etc.. 
for  half-year  ended  June  30, 1914.   Melbourne,  1914.   (Gift  of  W.  E.  Wainwright.) 

Trade  Catalogues 

Bessemer  Gas  Engine  Co.,  Grove  City,  Pa.     Bulletin  0E2.     Bessemer  Oil  Engine. 

8  pp. 
Chicago  Pneumatic  Tool  Co.,  Chicago-New  York.     Ideal  Power,  July,  1914. 
General  Electric  Co.,  Schenectady,  N.  Y. 

Bulletin  No.  43,403,  Edison  Lamp  Works,  Harrison,  N.  J.     Store  lighting  with 
Edison  Mazda  lamps.     Aug.,  1914. 

Mazda  lighting  fixtures  multiple.     59  pp. 

Bulletin  No.  44,002,  Rail  Bonds  and  bonding  tools.     Aug.,  1914. 
Ingersoll-Rand  Co.,  New  York,  N.  Y. 

Form     No.    3,024,    Ingersoll-Rogler    valves    for    air-compressing    cylinders. 
May,  1914. 

Form  No.  3,030,  IngersoU-Rogler  Class  ER-1  air  compressors.     May,  1914. 

Form  No.  4,033,  Little  Tug^er  hoist.     Aug.,  1914. 

Form  No.  8,013,  Little  David  pneumatic  chipping,  calking  and  scaling  hammers. 
Aug.,  1914. 

Form  No.  8,207,  Little  David  pneumatic  drills.    Aug.,  1914. 
NoRDBERG  Mpg.  Co.,  Milwaukee,  Wis. 

Bulletin  No.  23,  Steam  and  air  hoists.     July,  1914. 

Bulletin  No.  24,  Nordberg  electric  hoists.     July,  1914. 
Schaeffer  &  BuDENBERG,  Brookyn,  N.  Y.     General  pamphlets  describing  products. 

16pp. 
Senn  Concentrator  Co.,  San  Francisco,  Cal.     Concentration  and  amalgamation 

by  use  of  either  Senn  Pan-Motion  belt  concentrator  or  amalgamator. 
Sparta  Iron  Works  Co.,  Sparta,  Wis.    Sludge  Bucket.    Sept.,  1914. 
Stephens-Adamson  Mfg.  Oo,,  Aurora,  111.    LiEkbor  Saver,  No.  65. 
SupPLEE-BiDDLE  HARDWARE  Co.,  PhOadelphia,  Pa.     Monel  Metal.   Jul^-Aug.,  1914. 
Torsion  Balance  Co.,  New  York,  N.  Y.     Torsion  balances  for  universities,  schools, 

laboratories.     15  pi>. 
Word  Bros.,  San  Francisco,  Cal.     Drill  Sharpener  Book. 
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MEMBERSHIP 

New  Members 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Sept.  10  to  Oct.  10,  1914: 

Members 

Allen,  Milton  A.,  Min.  Engr.,  . . .  Alaska  Gastineau  Mining  Co.,  Juneau,  Alaska. 

Allpobt,  Robeson  H.,  Genl.  Supt Colonial  Coal  &  Coke  Co.,  Dorchester,  Va. 

Alsdobf,  Frederick  C Murray  Apartments,  1026  Orange  St.,  Los  Angeles,  CaL 

Anderson,  Carl  A.,  Min.  Engr 920  Woo  ward  Ave.,  Portland,  Ore. 

Arms,   Charles  Seelye,  Asst.   Met Willys-Overland  Co.,    Toledo,  Ohio. 

Bailey,  Philip  P.,  Min.  Engr McGill  University,   Montreal,  Canada. 

Beck,  Charles  Smith,  Engr Detroit    Copper    Co.,   Morenci,  Ariz. 

Beeson,  Alexander  G.,  Chief  Engr.,  Pittsburg-Buffalo  Co.  ana  Four  States 

Coal  &  Coke  Co^^  Washington,  Pa. 

Bingham,  Raymond  A Box  173,  Bridgeport,  W.  Va. 

Bjoroe,  Guy  N.,  Geol.,  Old  Dominion  Copper  Mining  &  Smelting  Co.. 

Globe,  Aris. 
BoERicKE,  Harold,  Mgr.,  Vanadium  Dept.,  Primos  Chemical  Co.,  Vanadium,  Colo. 

Bowles,  Oliver,  Quarry  Technologist Bureau  of  Mines,  Washington,  D.  C. 

Boyd,  Jesse  Taylor,   Supt Potosi  Mine,  Arden,  Nev. 

Breinl,  Joseph  C,  Professor  of  Austrian  Mining  Univ.,  Care  Ingersoll-Rand  Co., 

Phillipsburg,  N.  J. 

Brown,  Dickson  Q 11  Broadway,  New  York,  N.  Y. 

Brown,  George  Macmillan,  Min.  Engr.,  Hailey  Ola  Coal  Co.,  McAlester,  Okla. 

BucKLY,  De  Ward  Wilson Stewart  Mining  Co.,  WaUace,  Idaho. 

Carpenter,  Howard  Bruce,  Asst.  Supt.,  Coke  Dept.,  Cambria  Steel  Co., 

240  Fayette  St.,  Johnstown,  Pa. 

Carter,  Edward  Ernest Gold   Hill  Mine,  Quartzburg,   Idaho. 

Coffey,  George  T.,  Supt.,  Hydraulic  Operations,  Yukon  Gold  Co.,  Dawson, 

Y.  T.,  Canada. 
CosTON,  Alfred  T.,  Civil  Engr.,  Smelter  Construction,  United  Verde  Copper  Co., 

Clarkdale,  Ariz. 

Crane,  Guy  Walter Chief  Consolidated  Mining  Co.,  Eiueka,  Utah. 

Creveling,  Clarence  Jackson,  Genl.  Supt.,  Blackwood  Coal  &  Coke  Ck).. 

Blackwood,  Va, 

Cronk,  Arthur  H Rosiclare  Lead  &  Fluor  Spar  Mines,  Rosiclare,  HI. 

DbWitt,  Charles  Wilson Chiksan  Mines,  Seikwan,  Korea. 

Diaz,  Emilio Compania  Estanifera  de  Llallagua,  LlaUagua,  BoUvia. 

Drumheller,   Daniel  M.,  Jr 1321 6th  Ave.,  Spokane,   Wash. 

Dyer,  Frederick  C,  Min.  Engr.,  Chemistry  and  Mining  Bldg.,  Univ.  of  Toronto, 

Toronto,  Canada. 

Dyrenforth,  Donald,  Supt Akron  Mine,    Whitepine,  Colo. 

EccLES,  Samuel  M.,  Asst.  Chief  Engr.,  Jamison  Coal  &  Coke  Co.^  Greensburg,  Pa. 
Eldredge,    Robert  B.,  Experimental   Dept.,   Portland  Gold  Mmii^  Co., 

Colorado  Springs,  Colo. 

Elus,  William  N Moscow,  Idaho. 

FoRMAN,  John  K Care  Inspiration  Copper  Co.,  MiamiLArii. 

FoRTNEY,  E.  L.,  Min.  Engr Northwestern  Improvement  Co.,  Cle  Elum,  Wash. 

Fraser,  Keith  Colt,  Asst.  Supt BartlesviUe  Zinc  Co.,  Bartlesville,  Okla. 

Fraser-Campbell,  EvAi^ Care  Burro  Mountain  Copper  Co.,  Tyrone,  N.  M. 

Griggs,  C.  C,  Uncle  Sam  Cons.  Mining  Co.,  and  May  Day  Mining  &  Milling  Co., 

Eureka,  Utah. 

Haldane,  William  George,  Acting  Pres Colorado  School  of  Mines,  Golden,  Colo. 

Hale,  Frederic  Albert,  Jr.,  Asst.  Mgr.,  Yellow  Pine  Mining  Co.. 

Gooasprings,  Ner. 
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Hartlby,  Guy  B.,Civ.  and  Min.  Eiigr.,  Monongahela  Valley  Ensineenng  Co., 

208  High  St.,  Morgantown,  W.  Va. 
IIaynbs,  Justin  Hiram,  Mgr.,  Junta  Consolidated  Gold  Mining  Co.,  TeUuride,  Colo 

Herres,  Otto,  Jr.,  Min.  Engr Utah  Fuel  Co^  Castle  Gate.  Utah. 

IIicKOK,  Charles  Nelson,  Mgr..  .Coke  Dept.,  M.  A.  Hanna  &  Co.,  Cleveland, Ohio. 

Howard.  Louis  Orrin 503  Felt  Bldg.,  Salt  Lake  City,  Utah. 

Kurd,  Kukard,    Sec'y,  Minnesota    State  Tax  Commission,  State  Capitol, 

St.  Paul,  Minn. 

Hynes,  DmRELL  Pryor,  Min.  Engr 1417  First  Natl.  Bank  Bldg..  Chicago,  Hi. 

Jabobr,  Frederick,  Asst.  to  Works  Mgr 149  Rector  St.,  Perth  Amboy,  N.  J. 

Johnson,  John  Frederick,  Mine  Foreman. . .  Chief  ConsoHdated  Mine,  Eureka,  Utah. 
Knight,  Myron  S.,  Cons.  Min.  and  Civ.  Engr.,  Stevenson  &  Knight, 

725-8  Connell  Bldg.,  Scranton,  Pa. 
Lambourne,  G.  W.,  Genl.  Mgr.,  Daly-Judge  Min.  Co.  and  Snake  Creek  Min.  & 

Tunnel  Co.,  Salt  Lake  City,  Utah. 
Laws,  Eugene  H.,  Supt.,  Ohio  &  Colorado  Smelting  &  Refining  Co^  Salida.  Colo. 

Lindsay,  William  Rufus Alaska  Treadwell  Gold  Mining  Co^  Juneau,  Alaska. 

Livingston,  Archibald  R.,  MiU  Supt.  and  Engr Canon  City,  Colo. 

Lonqwell,    Robert     Agnbw,     Asst.  Supt.,  By-Product  Dept., 

Otto-Hoffman  Coke  Plant,  Cambria  Steel  Co.,  Johnstown,  Pa. 

McMeekin,  Charles  W Nevada  City,  Cal 

Miller,  John  P.  K.,  Chief  Engr H.  C.  Frick  Coke  Co.,  Scottdale,  Pa. 

Mitten,  Lou  Fuller,  Commercial  Engr 36  Carlisle  St^  WUkes-Barre,  Pa. 

NBAL,WAi/rER 2233    Derby    St.,    Berkeley,    Cal. 

Overholt,  Karl  Frick,  Pres.,  Faraday  Coal  &  Coke  Co.  and  St.  Paul  Coal  Co., 

1924  Frick  Bldg.,  Pittsburg,  Pa. 
Owen,  Tom  M ackellar  . .  Care  E.  H.  Nutter,  Mineral  Separation  American  Syndi- 
cate, Merchants  Exchange  Bldg.,  San  Francisco,  Cal. 

Patterson,  Samuel  White,  Pres Sycamore  Coal  Co.,  Vivian,  W.  Va. 

PpouTs,  Elmer 506  W.  Aluminum  St.,  Butte,  Mont. 

Phillips,  Drury  McNeill,  Min.  Engr.,  Consumers  Lignite  Co.,  Hoyt,  Wood  Co., 

Texas. 

QuEALY,  Patrick  J.,  Coal    Operator Kemmerer,  Wyo. 

Reeser,  Harry  Clayton,  Asst.  to  Pres.. Ohio  Fuel  Supply  Co.,  Pittsburg,  Pa. 
Reger,  David  Bright,  Asst.  Geol.j  W.  Va.  Geological  Survey,  Morgantown,  W.  Va. 
Richards,    William   Birzey,    Mm.    Engr.,  Lehigh    Coal   &  Navigation  Co.. 

Lansford,  Pa. 
Schmidt,  Caspar  Anthony,  Min.  Engr.,  Empire  Zinc  Co.  of  Arizona  and  New 

Mexico,  Socorro,  N.  M. 
Senger,  Richard  Warren,  Min.  Engr..  .American  Smelting  &  Refining  Co., 

Apartado  101,  Monterey,  Mexico. 

Sherry,  Homer  Kent,  Mine  Foreman Mascot,  Tenn. 

S&UTH,  Harvey  E^  Min.  Engr 203  Transportation  Bldg.,  Urbana,  111. 

Snyder,  Irving  T.,  Vice-Pres Vindicator  ConsoHdated  Gold  Mining  Co., 

Denver,  Colo. 

Stahl,  Alvin  Clark,  Asst.  Min.  Engr Lehigh  Valley  Coal  Co.,  Wilkes-Barre,  Pa. 

Steindlbr,  Eugene  L.,  Secy.-Treas . .  Dominion  Reduction  Co.,  Cobalt, 

Ont.,  Canada. 
Taylor,  David,  Pres.,  Consolidated  Ores  Co.,  Boston  Bldg.,  Salt  Lake  City,  Utah. 

Taylor,  Warner  G.,  Supt.  Blast  Furnace Stanhope,  N.  J. 

Tesch,  Torsten  Anderson,  Chief  Draftsman,  Oxelosunds  Yadwerksaktiebolag, 

OxeloBund,  Sweden. 

Varian,  Jean  Philip,  Asst.  Supt Prime  Western  Spelter  Co.,  lola,  Kan. 

Wentz,  Daniel  B.,  Coal  Operator Land  Title  Bldg.,  Philadelphia,  Pa. 

White,  Joseph  L Consolidated  Arizona  Smelting  Co.,  Blue  Bell  Mme, 

Mayer,  Ariz. 

WiGTON,  George  Harrison,  Met.  Engr U.  S.  R.  S.,  Fort  Shaw,  Mont. 

Young,  Ralph  William,  Chief  Engr Cia.  de  Real  del  Monte  y  Pachuca, 

Pachuca, Hidalgo,  Mexico. 

Associate  Members, 

Ambler,  James  Burnett,  Sales  Agent,  General  Electric  Co.,  Salt  Lake  City,  Utah. 
Case,  Willis  Whittier,  Jr.,  Pres.  and  Mgr Denver  Fire  Clay  Co.,  Denver,  Colo. 
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Colby,  William  Edward Mills  Building,  San  Francisco,  Cal. 

Heller^  Clyde  A.,  Pres. . .  Tonopah  Belmont  Development  Co.,  501  Bullitt  Bidg., 

Philadelphia,  Pa. 

Junior  Members. 

Barrett,  Theodore  Harvey,  Student.  .Columbia  School  of  Mines,  New  Yoric,  N.  Y. 

Daley,  Stephen  H.,  Jr Lehigh  University.  So.  Bethlehem,  Pa. 

Grieve,    Richard   Palmer,   Student . .  School  of   Mines,    Columbia   Univ., 

New  Yoric,  N.  Y. 

Hall,  Elwin  B Box  1084,  Stanford  Univ.,  Cal. 

Hayden,  Wallace  Hansen Care  Lake  Milling,  Smelting  &  Refining  Co., 

Point  Hilla,  Mich, 

Lake,  Mack  Clayton,  Student Univ.  of  Wisconsin,  Madison,  Wis. 

Smith,  Everett  Whitney,  Student Penn.  State  College,  State  College,  Pa. 

Witt,  Herbert  Nelson,  Student Harvard  College,  Cambridge,  Mass. 

Candidates  for  Membership 

The  following  persona  have  been  proposed  during  the  period  Sept.  10 
to  Oct.  10,  1914,  for  election  as  members  of  the  Institute.  Their  names 
are  published  for  the  information  of  members  and  associates,  from  whom 
the  Committee  on  Membership  earnestly  invites  confidential  communi- 
cations, favorable  or  unfavorable,  concerning  these  candidates.  A 
sufficient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the 
Committee.  After  the  lapse  of  this  period,  the  Committee  will  recom- 
mend action  by  the  Board  of  Directors,  which  has  the  power  of  final 
election. 

Members 

Richard  G.  Amidon,  Cornucopia,  Ore. 

Proposed  by  D.  C.  Bard,  Theodore  Simons,  C.  H.  Bowman. 

Born  1889,  Jamestown,  N.  D.  1900-05,  Minneapolis  public  schools.  1905-07, 
Shattuck  Military  Academy.  Faribault;  Minn.  1907-09,  Minneapolis  North  High 
School.  1909-11,  Univ.  of  Mmn.,  School  of  Mines.  1911-12,  Queen  of  the  West  Mines 
Co.  1912-14,  Mont.  State  School  of  Mines,  Butte,  Mont.  1910,  Teamman.  1911, 
Salesman.     1911-12,  Assayer.   1913,  Business  Mgr.,  Queen  of  the  West  Mines  Co. 

Present  position:  Mgr.,  Queen  of  the  West  Mines  Co. 

Hector  George  S.  Anderson,  Cobalt,  Ont.,  Canada. 

Proposed  by  John  V.  N.  Dorr^  H.  N.  Spicer,  Noel  Cunningham. 

Bom  1884,  Kearney,  Neb.  High  School.  1908,  Missouri  ^hool  of  Mines.  1909, 
St.  Louis  Smelt.  &  Ref.  Co.     1910,  Ray  Cons.  Copper  Co. 

Present  position:  1910  to  date,  Buffalo  Mines,  Cobalt.  Mill  Supt.  Erected 
high-grade  amalgamation  plant.  Designing  engineer  for  new  plant  and  research 
plant. 

James  Eveland  Bell,  New  York,  N.  Y. 

Proposed  by  Robert  Peele.  E.  L.  Kurtz,  E.  J.  Hall. 

Bom  1889,  New  York  City.  1904-08,  West  Side  High  School,  Denver,  Colo. 
1908-12,  Columbia  School  of  Mines;  E.  M.  1912-14,  Chile  Exploration  Co.,  Chu- 
quicamata,  Chile. 

Present  position:  Expect  to  return  to  Chuquicamata  as  Assistant  Mining  Engineer. 

Arthur  I.  Dehuff,  Metaline  Falls,  Wash. 
Proposed  by  Robert  Peele,  E.  J.  Hall,  William  Campbell. 
Bom  1881j  Jordan,  Minn.     1901-03,  Baldwin  Univ.,  Ohio  Preparatory.    1903-07, 
Columbia  Umv.;  E.  M.     1907-08,  Supt.,  Daines  Mining  <&  Milhng  Co.,  Greenhorn, 
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Ore.  1908,  Received  commission  of  U.  S.  Deputy  Mineral  Surveyor.  1908-09, 
General  practice,  surv^ing,  assaying.  1909-11,  Engineer  on  construction  with  the 
Sylvester  Construction  Co.  1911-13,  Chemist,  Lehigh  Portland  Cement  Co.,  Metaline 
Falls,  Wash. 

Present  position:  1913  to  date,  Chief  Chemist,  Metaline  Falls  mill,  Lehigh  Port- 
land Cement  Co. 

Frederick  C.  Fearing,  Philadelphia.  Pa. 

Proposed  by  Adolphe  E.  Borie,  Robert  Pendleton  Bowler,  W.  L.  Wright. 

Bom  1888,  New  York,  N.  Y.  1904r-07.  St.  Paul's  School,  Concord,  N.  H.  1907- 
10,  Yale  Univ.,  Sheffield  Scientific  School;  Ph.  B.  Spent  one  year  throughout  the 
West  and  Southwest  in  mining  regions.  1910-11,  traveling  throughout  the  West. 
1912-13,  Interested  in  mines  in  Alaska.  Studied  rudiments  of  mining  law  and  cor- 
porations with  Kearny  <&  Dickinson. 

Present  position:  Mgr.,  Phila.  office,  Interocean  Oil  Co.,  and  Asst.  Engr.  to 
Chandler  Davis. 

Robert  Y.  Gibson^  Rock  Springs,  Wyo. 

Proposed  by  Frank  A.  Manley,  W.  D.  Brennan,  F.  H.  Bostwick. 
Bom  1873,  Richmond,  Mo.    High  school  education.     1899,  Asst.  Supt.,  Richmond 
&  Comden  Coal  Co.,  Richmond,  Mo. 

Present  position:  Genl.  Supt.,  Wyo.  &  Lion  Coal  Co.,  Rock  Springs,  Wyo. 

Donald  Burton  Gillies,  El  Paso,  Texas. 

Proposed  by  R.  M.  Raymond,  P.  L.  Foster,  E.  G.  Spilsbury. 

Bom  1872,  Ontario,  Canada.  Grammar  and  high  school.  Lake  Linden,  Mich. 
1903,  Michigan  College  of  Mines;  E.  M.  1896-1901,  W.  A.  Clark,  General  Supt., 
Butte  properties.  1901,  Supt.,  Mmes,  Parrot  Silver  Copper  Co.,  Butte.  1903,  Genl. 
Mgr.  Mines,  Pittsburgh  &  Montana,  Butte.  1905,  Genl.  Mgr.,  Montana  Tonopah. 
1906-07,  Genl.  Mgr.,  Tonopah  Extension,  Tonopah. 

Present  position:  1908  to  date,  Genl.  Mgr.,  San  Toy  Mining  Co.,  Chihuahua, 
Mexico. 

Tabez  B.  Hanford,  Morgantown,  W.  Va. 

Proposed  by  E.  W.  Parker,  Floyd  W.  Parsons,  S.  A.  Taylor. 

Bom  1867,  Staffordshire,  England.  Passed  Mine  Foreman's  examination  at 
Mercer,  Pa.  Complete  coal-mining  course  of  Correspondence  School  of  Scranton, 
Pa.  1876-90,  Workman,  various  capacities,  Filer.  Kimberly  &  Co.,  Sharon,  Pa. 
1890-94,  Mine  Foreman  and  Supt.,  Church  Hill  Coal  Co.,  West  Monterey,  Pa.  1894- 
96.  Foreman,  Beaver  Coal  &  Coke  Co.,  Wampum,  Pa.  1896-1900,  Supt.,  East 
Jellico  Coal  Co.,  Coalport,  Ky.     1900-Q5,  Supt.,  Shawmut  Mining  Co. 

Present  position:  1905  to  date,  Genl.  Supt.,  Elkins  Coal  &  Coke  Co.,  Morgantown, 
W.  Va. 

Benjamin  Felix  Hill,  Cripple  Creek,  Colo. 

Proposed  by  Horace  F.  Lunt,  John  T.  Hawkins,  John  T.  Milliken. 

Bom  1876,  Texas.  1896-97,  Univ.  of  Texas;  B.  Sc,  M.  Sc.;  Fellow  in  Geology. 
1897-1900,  Columbia  Univ.;  M.  A.:  Fellow  in  Geology.  1897-1900,  Asst.  Geol., 
N.  Y.  State  Museum.  189^1900,  Geol.,  Southem  Pacific  R.  R.,  Sonora,  Mexico. 
1900-03,  Geol.,  Univ.  of  Texas  Mineral  Survey.  1903-05,  Asst.  Prof.  Geol.  and  Min., 
Univ.  of  Texas.     1905-1913,  Supt.,  Last  Dollar  G.  M.,  Victor,  Colo. 

Present  position :  1906  to  date,  lease  operation  on  various  Cripple  Creek  properties. 

Harold  Hixon,  Tola,  Kan. 

Proposed  by  Robert  H.  Richards,  Augustus  H.  Eustis,  F.  A.  Eustis. 

Bom  1883.  Denver,  Colo.  Denver  public  and  high  schools.  1906,  Mass.  Inst,  of 
Technology;  B.  S.  1906,  Mucker,  Yak  M.  M.  &  T.  Co.,  Leadville,  Colo.  1907-10, 
United  Zinc  &  Chemical  Co.:  Asst.  Supt.,  and  Supt.,  lola,  Kan.,  and  Springfield,  111. 
1911,  Supt.,  Prime  Westem  Spelter  Co.,  No.  3  Plant,  lola,  Kan. 

Present  position:  1912  to  date,  Supt.,  No.  1  and  No.  3  Plants,  Prime  Westem 
Spelter  Co. 

Edward  W.  Hopkins,  Commonwealth,  Wis. 
Proposed  by  O.  C.  Davidson,  William  Kelly,  C.  H.  Baxter. 
Bom  1866,  Bingham  ton.  Wis.     Common  school  education  at  Black  Creek,  Wis. 
Present  position:  1889  to  date,  Mgr.  Iron  Mines,  Oglebay,  Norton  &  Co.,  Cleve- 
land, Ohio. 


Digitized  by 


Google 


xvi  Monthly  Bulletin,  No.  95,  November,  1914 

Percy  R.  Iseman,  New  York,  N.  Y. 

Proposed  by  William  Campbell,  E.  J.  Hall.  Robert  Peele. 

Bom  1890,  Savamiah,  Ga.  1903,  General  public  school.  1903-07,  Public  high 
school.  1907-11,  Columbia  School  of  Mines;  E.  M.  1909,  General  underground 
work,  Nova  Scotia  Co.,  Cobalt,  Ont.,  and  Gowgaada,  Ont.  1910,  Mucking,  etc.. 
Wolverine  Co.,  Calumet,  Mich.  1911-12,  Asst.  to  Dredge  Supt.,  Yukon  Gold  Co., 
Dawson,  Y.  T.,  Canada.  1912,  Examination  work,  Pacific  Gold  Dredging  Co., 
Oroville,  Cal.  1913,  Bolivia  Exploration  Co.,  examinations  in  Chile,  Bouvia,  and 
Peru. 

Present  position:  In  charge  building  construction,  E.  A.  L.  Construction  Co.,  Inc., 
New  York,  N.  Y. 

Edmimd  Jiissen,  San  Francisco,  Cal. 

Proposed  by  Horace  V.  Winchell,  Warren  V.  Richardson,  H.  Foster  Bain,  Charles 
Janin,  C.  W.  Merrill. 

Bom  1868;  Chicago,  111.  188&-87,  Freiberg.  188&-89,  Univ.  of  Vienna.  1890. 
Univ.  of  Ztirich;  Ph.  D. 

Present  position:  Constantly  engaged  since  graduation  as  manager  of  mining 
properties  and  as  consulting  engineer. 

E.  E.  Kaercher,  Pottsville,  Pa. 

Proposed  by  James  Archibald,  Jr.,  Frank  A.  Hill,  Charles  Enzian. 

Bom  1859,  PottsvDle,  Pa.  1878.  Grad.,  Pottsville  High  School.  1879,  Chair- 
man, Philadelphia  &  Reading  Coal  «  Iron  Co.;  1882,  Transitman  same  Co.  1887. 
Assistant  on  Penn.  State  Geological  Survey.  1888,  Division  Engineer,  Fremoni 
District,  Phila.  &  Reading  Coal  &  Iron  Co.  1904,  Asst.  Division  Supt.  of  St.  Clair, 
Minersville  and  Fremont  Districts,  same  Co.  1905,  Division  Supt.  of  Fremont  and 
Minersville  Districts,  same  Co.  1904,  General  Supt.  of  Fremont,  Minersville-Shenan- 
doah  and  Mahanoy-St.  Nicholas  Districts,  same  Oo. 

Present  position:  Genl.  Supt.,  Philadelphia  &  Reading  Coal  &  Iron  Co. 

Stickland  Kneass,  Jr.,  Youngstown,  Ohio. 

Proposed  by  C.  S.  Robinson,  E.  T.  McCleary,  Karl  Nibecker. 

Born  1889,  Spring  Lake,  N.  J.  1897-1906,  Blight's  School,  PhUa.,  Pa.  1906-07, 
Central  Manual  Traming  High  School,  Phila.,  Pa.  1907-11,  Rensselaer  Polytechnic 
Institute;  M.  E.  1911-13,  Mill  Inspector,  Machinist,  Oil  Inspector,  Engineer  in 
Steam  Engineering  Dept.,  Carnegie  Steel  Co..  Duquesne  Works,  1913,  Engineer, 
Steam  Engineering  Dept.,  Youngstown  Sheet  &  Tube  Co. 

Present  position :  Aast.  Steam  Engineer,  Youngstown  Sheet  &  Tube  Co. 

Sterling  Sidney  Lanier,  Nortonville,  Ky. 

Proposed  by  E.  W.  Parker,  George  G.  Crawford,  Frank  D.  Rash,.E.  E.  Ellis,  Frank 
H.  Crockard. 

Bom  1860,  Montvale  Springs,  Tenn.  Public  and  high  school  education.  Have 
been  practically  engaged  m  operating  coal  mines,  handling  all  departments,  as 
president  or  owner,  since  the  summer  or  fall  of  1888. 

Present  position:  Pres.,  Monro  Warrier  Coal  &  Coke  Co.;  Pres.,  Norton  Coal 
Mining  Co. 

Albert  Allyn  Leach,  Jr.,  Brooklyn,  N.  Y, 

Proposed  by  Robert  Peele,  E.  J.  Hall,  William  Campbell. 

Bom  1889,  Brooklyn,  N.  Y.  1907-11,  School  of  Mines,  Columbia  Univ.;  E.  M. 
1910,  Chainman,  Ducktown  Sulphur,  Copper  &  Iron  Co.,  Ducktown,  Tenn.  1911, 
Asst.  Instructor,  underground  surveying,  Columbia  Univ.  191 1-12,  Assayer,  Cyanide 
Chemist,  Mill  Boss,  Mine  Engineer,  Minas  Pedrazinni  Cia.,  Las  Chispas,  Son.,  Mexico. 
1913,  Charge  of  mine  sampling.  Geological  Dept.,  Cananea  Consolidated  Copper  Co., 
Cananea,  Mexico. 

Present  position:  Mine  Mgr.,  Sonora  Exploration  &  Metals  Co.,  San  Javies,  Son., 
Mexico.     • 

Rudolph  A.  McGovern,  New  York,  N.  Y. 

Proposed  by  Robert  Peele,  William  Campbell,  E.  J.  Hall. 

Bom  1887,  Chicago,  111.  1905-07,  De  La  SaUe  Inst,,  New  York,  N.  Y.  1907-10, 
Columbia  School  of  Mines;  E.  M.  1910,  Engr.,  St.  Lawrence  Pyrite  Co.  1911, 
Office  work,  Legget  &  Helman.     1911,  Instr.,  underground  surveying,  Columbia. 
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Univ.  1911,  Asst.  Engr.,  examination  of  silver  mines,  Canada.  1911-12,  Asst. 
Engr.,  Board  of  Water  Supply  of  New  York  City.  1912,  Engr.,  Chile  Exploration  Co. 
191^13,  Asst.,  examination  work,  Cuba.  1913,  Instr.,  underground  surveying,  Col- 
umbia Univ. 

Present  position:  1913  to  date.  Chief  Engr.,  Levant  Producing  Dept.,  Standard 
Oil  Co. 

Downie  Davidson  Mmr,  Jr.,  Juneau,  Alaska. 

Proposed  by  C.  F.  Moore^  A.  P.  Anderson,  Frederick  Lyon. 

Bom  1884,  Lincoln,  Neb.  1906,  Columbia  Univ. ;  E.  M.  1907,  Foreman,  Macbeth 
Lease,  Mackay,  Ida.  1907,  Supt.,  Combination.  1909,  Fraction  Min.  Co.,  Goldfield, 
Nev. 

Present  position:  1910  to  date,  Engr.,  Exploration  Dept.,  U.  S.  Smelting, 
Refining  &  Mining  Co. 

Charles  Joseph  Murphy.  Femie,  B.  C,  Canada. 

Proposed  by  Reginald  E.  Hore,  Lewis  Stockett,  G.  E.  Silvester. 

Bom  1884,  Wiraton,  Ont.,  Canada.  Primary  education,  public  and  high  school, 
St.  Catharines.  Ont.  Secondary  education,  Univ.  of  Toronto;  B.  A.  in  1906.  1906- 
09,  Asst.  Chief  Chemist,  Canakiian  Copper  Co.,  Copper  Cliff,  Ont.  1910-14,  Chief 
Engr.,  Crows  Nest  Pass  Coal  Co.,  Crows  Nest  Pass  Electric  Light  &  Power  Co.,  Mor- 
rissey  Femie  and  Michel  Ry. 

Present  position:  Chief  Chemist,  Crows  Nest  Pass  Coal  Co. 

Balmer  Neilly,  Cobalt,  Ont.,  Canada. 

Proposed  by  Reginald  E.  Hore,  H.  E.  T.  Haultain,  R.  B.  Lamb. 

Bpm  1883,  Bradford,  Ont.  1890-97,  Pubhc  schools,  Aurora,  Ont.  1897-1901, 
High  school,  Bradford,  Ont.  1903-08,  Faculty  of  Applied  Science,  Univ.  of  Toronto, 
Ont.;  B.  A.  S.  1907,  Grad.  in  Min.  Engrg.  1908,  Greater  Canada  Mining  Co.,  Ltd., 
operating  at  Crystal,  Colo.  1908-09,  Assayer  and  surveyor,  Silver  Queen  Min.  Co., 
Ltd.,  Cobalt,  Ont.  1909-13,  Mgr.,  Black  Mines,  Consolidated,  Ltd.  1909-12,  Mgr., 
Wyandol  Silver  Mines,  Ltd.,  Cobalt,  Ont. 

Present  position:  1912  to  date,  Supt.  of  Mine  and  Mill,  Penn-Canadian  Mines,  Ltd. 

Edmund  Newton,  Minneapolis,  Minn. 

Proposed  by  William  Campbell,  E.  J.  Hall,  Robert  Peele. 

Bom  1889,  Queens,  N.  Y.  1903-07,  Jamaica  High  School.  1907-11,  Columbia 
School  of  Mines.  1911,  Instmctor  in  surveying,  summer  school  of  Sheffield  Scientific 
School.     1911,  Cape  Cod  Canal.     1911-12,  Draftsman,  New  Jersey  Zinc  Co. 

Present  posi;kion:  Met.,  Mines  Experimental  Station,  Univ.  of  Minnesota. 

Henry  W.  Nieman,  Nome,  Alaska. 

Proposed  by  E.  L.  Kurtz,  E.  J.  Hall,  Robert  Peele,  H.  L.  Smyth,  E.  D.  Peters, 
Charles  H.  White. 

Bom  1886,  Schuyler,  Neb.     1908,  Harvard;  A.  B.     1911,  Columbia;  E.  M. 

Present  position:  1911  to  date,  Arctic  Placer  Mining  &  Milling  Co.,  Nome, 
Alaska. 

Frank  £.  CNeal,  Pocahontas,  Alberta,  Canada. 

Proposed  by  R.  H.  Morris,  H.  E.  Nold,  H.  M.  Chance. 

Bora  1889,  San  Francisco,  Cal.  1895-1905,  Public  schools,  San  Francisco,  Cal. 
1906-14,  General  mining  experience  in  California,  Nevada,  Washington,  Alberta, 
British  Columbia.  1906-07,  Chicago,  Milwaukee  &  St.  Paul  R.  R.,  Survey,  Western 
Div.  1907-08,  North  Star  Mines,  Grass  Valley,  Cal.  1910-12,  Asst.  to  D.  B.  Dowling, 
Canadian  Geological  Survey,  field  work. 

Present  position:  1913  to  date,  Engr.,  Jasper  Park  Collieries,  Ltd. 

D.  H.  Pape,  Ogden,  Utah. 

Proposed  by  Frank  A.  Manley,  W.  D.  Brennan,  F.  H.  Bostwick. 

Bom  1884,  Salt  Lake  City,  Utah.  High  school  and  business  college.  Salt  Lake 
City,  Utah.  Four  years.  Silver  King  Coalition  Co.,  Park  City,  Utah.  Six  years, 
Central  Coal  &  Coke  Co.,  Kansas  City,  Mo. 

I^esent  position:  Genl.  Mgr.,  Wyoming  Coal  Go. 
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James  W.  Paul,  Pittsburgh,  Pa. 

Proposed  by  E.  W.  Parker,  Van  H.  Manning,  David  T.  Day. 

Bom  1868,  Newburg,  W.  Va.  1889,  Graded  public  school.  1890-94,  West  Vir- 
ginia Univ.,  Morgantown,  W.  Va.;  B.  S.  1894-95,  School  of  Mines,  Columbia  Univ., 
special  in  mining.  1895-97,  Chemist,  Davis  Coal  &  Coke  Co.,  Thomas,  W.  Va.  1897- 
1908,  Chief  of  Department  of  Mines,  West  Virginia. 

Present  position:  1908  to  date,  Min.  Engr.,  U.  S.  Bureau  of  Mines. 

August  Putsch,  Bethlehem,  Pa. 

Proposed  by  P.  W.  Shimer,  W.  L.  Cumings,  W.  R.  Shimer. 

Born  1876,  Westphalia,  Germany.  Htitteningenieur.  1901,  Gewerbeakadeniie< 
Friedberg,  Germany.  1902-04,  Konigl.  S.  Bergakademie,  Freiberg,  Germanv. 
1904-06,  Chemist  and  Asst.  Mgr.,  Dr.  C.  Otto  &  Co»  Dahlhausen,  Germany.  1906-10. 
Mgr.,  Actien  Gesellschaft  ftir  ICohlendestillation,  Gelsenkirchen,  Germany,  and  Coal 
Distillation  Co.,  Middlesbrough,  England.  1910-14.  Supervising  Engr.,  DeutscLe 
Bank  Syndicate;  Manager  at  Coke  Oven  Plant,  South  Bethlehem,  Pa. 

Present  position:  Lehigh  Coke  Co.,  South  Bethlehem,  Pa.,  as  supervising  engiDeo* 

Harold  Rabling,  Melbourne,  Australia. 

Proposed  by  C.  W.  Merrill,  M.  H.  Kuryla,  H.  Foster  Bain. 

Born  1890,  Victoria,  Australia.  1896-1904,  State  schools  of  Victoria.  1905-OR, 
Wesley  College,  Melbourne.  1909-12,  Mining  Engineering  course  at  Melbourne 
Univ. ;  B.  of  M.  fe.  1913,  Asst.  Mine  Mgr.,  Virginia  Gold  Mining  Co.,  Bendigo.  1913, 
Asst.  to"  A.  H.  Merrin.     1914,  Chief  Mining  Inspector  to  the  Government  of  Victoria. 

Present  position:  Touring  U.  S.  A.  to  study  mining  conditions. 

Charles  G.  Schlrmer,  Boston,  Mass. 

Proposed  by  W.  L.  Creden,  C.  W.  Whitley,  Frank  R.  Wicks. 

Born  1868,  Boston,  Mass.  Public  schools  and  English  High  School,  Boston,  Maas. 
1891,  Treaa.,  Middleton  Paper  Mills.  1909-11,  Pres.,  United  Metals  Co.  1911, 
Treas.,  Davis-Daly  Copper  Co.  1912,  Treas.,  Utah-Apex  Mining  Co.  1912,  Sec., 
Gumany  Mining  Co. 

Present  position:  1913  to  date,  Vioe-Pres.,  Argo  Reduction  &  Ore  Purchasing  Co. 

John  Ray  Sharp,  Sullivan,  Ind. 

Proposed  by  Carl  Scholz,  Oscar  F.  Scholz,  Charles  T.  Malcolmson. 

Bom  1876,  Kingston,  Ohio.  1892-96,  Kingston  High  School.  1900,  Business 
college.  1902-04,  Engineering  course,  I.  C.  S.  1901,  Booner  Coal  Wks.  Co.  1904, 
Mine  Supt.,  in  W.  Va.     1909,  Mine  Mgr.,  Canada. 

Present  position:  1911  to  date.  Mine  Supt.,  Consolidated  Indiana  Coal  Co. 

Humphrey  D.  Smith,  Elkhorn,  W.  Va. 

Proposed  by  John  J.  Lincoln,  Howard  N.  Eavenson,  Thomas  H.'  Clagett. 

Bom  1887,  Altoona^  Pa.  1908,  Grad.  Lehigh  Univ.;  C.  E.  1904,  Signal  Dept.. 
Penn.  R.  R.,  N.  Y.  Division,  Jersey  City,  N.  J.  1905-07,  Transitman  and  Levelman, 
Engr.  Corps,  Maintenance  of  Way  Dept.,  Penn.  Lines,  West  Pittsburg.  1906,  Topo- 
graphic Survey,  Monroe  Co.,  Penn.,  Lehigh  Univ.  1908,  Sewer  Dept.,  District  of 
Columbia.  190^10,  Engr.,  Crozer  Land  Assn.,  Elkhom,  W.  Va.  1910-12,  Sales- 
man, mining  and  power  plant  equipment,  Westinghouse  Electric  A  Mfg.  Co.,  Blue- 
field,  W.  Va. 

Present  position:  1913  to  date,  Asst.  Mgr.,  Crozer  Coal  &  Coke  Co. 

John  Edward  Lloyd  Str evens,  Auckland,  N.  Z. 

Proposed  by  Charles  Rhodes,  R.  E.  Williams,  F.  N.  Rhodes. 

Bom  1889,  London,  England.  1903-06,  East  London  College.  1906-09,  London 
Univ.;  B.  Sc.  1909-13,  Chemical  research,  passed  chemistry  section;  B.  So.  High- 
Grade  Board  of  Education  certificates  in  Chemistry,  Mathematics,  Physics,  etr. 
Technological  certificate  in  Oil.  1909-13,  Chief  Chemist,  Palmers  &  Co.*  Ltd.,  Oil 
and  candle  works.  Stratford,  London.  1914,  Chief  Chemist,  N.  Z.  Sulphur  Co., 
White  Island,  N.  Z. 

Present  position:  1913  to  date.  Chief  Chemist,  Tamuski  Oil  Field,  N.  Z. 

Frank  McClellan  Sylvester,  Vancouver,  B.  C,  Canada. 
Proposed  by  George  A.  Guess,  A.  J.  Bone,  J.  T.  Dillon. 

Born  1865,  New  York,  N.  Y.     General  and  technical  education  as  Civil  Engineer; 
M.  Am.  S.  C.  E.     1910-13,  Asst.  Genl.  Mgr.,  Granby  Co. 
Present  position:  Genl.  Mgr.,  Granby  Co. 
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Wakeley  Aylesworfh  Williams,  Anvox,  B.  C,  Canada. 

Proposed  by  Georffe  A.  Guess,  A.  J.  ^ne,  J.  T.  Dillon. 

Born  1871,  Council  Bluflfs,  Iowa.  1899,  Colo.  School  of  Mines;  E.  M.  1890-1894, 
Mining  in  New  Mexico.  1895-99,  College.  Summer,  1897.  Assayer  and  Chemist  for 
T.  S.  Austin,  Kelly,  N.  M.  1899-91.  Migr.  to  A.  B.  W.  Hodges  and  B.  C.  Riblet, 
construction  of  Granby  Smelting  Co.  plant  at  Grand  Forks.  With  the  Granby  Co.  for 
16  years,  as  assayer  and  chemist,  Asst.  Supt.,  Supt.,  and  designed  and  constructed  the 
Ajiyox  plant  of  Granby  Co. 

Present  position:  Supt.  of  Smelters,  having  charge  of  operation  of  both  the  Grand 
Forks  and  Anyox  plants. 

William  Embry  Wrather,  Wichita  Falls,  Texas. 

Proposed  by  William  B.  Phillips,  E.  G.  Woodnift,  W.  H.  Emmons. 

Bom  1883,  Brandenburg,  Ky.  1898-1902  So.  Chicago  High  School,  Chicago,  111. 
1903-07,  Univ.  of  Chicago;  Ph.  B.  1907-08,  tlniv.  of  Chicago  Law  School,  graduate. 
1902-03,  United  States  Steel  Corpn.,  South  Works,  Chicago,  HI.  1907,  Asst.  Geol., 
U.  S.  Geological  Survey,  Philipsburg,  Mont. 

Present  position:  1908  to  date,  Geol.,  G.  M.  Guffey  Petroleum  Co.,  Beaumont, 
Texas. 

Associate  Members 

Livingston  W.  Fargo,  Chicago,  111. 

Proposed  by  Bradley  Stoughton,  Charles  F.  Rand,  Harlan  H.  Bradt. 

Bom .     1882,  Williams  College. 

Thomas  William  Lament,  New  York,  N.  Y. 

Proposed  by  B.  B.  Thayer,  W.  D.  Thornton,  J.  W.  Allen. 

Bora  1870,  Claverack,  N.  Y.  1884-88.  Phillips-Exeter  Academy.  1888-92, 
Harvard  Univ.;  B.  A.  1892-94,  On  staff  of  New  York  Tribune.  1895,  In  the  com- 
mission business.  1903,  Secy-Treas.,  Bankers  Trust  Co.  1906-09,  Vice-Pres.,  First 
National  Bank. 

Present  position:  1910  to  date,  member  of  firm  of  J.  P.  Morgan  &  Co. 

B.  McCarrick.  Los  Angeles.  Cal. 

Proposed  by  Morris  P.  Kirk,  H.  P.  Tieman,  Duncan  MacVichie. 

Bora  1853,  Albany,  N.  Y.     Mining  Operator.     Twenty-five  years*  experience. 

John  C.  Montgomery,  New  York,  N.  Y. 
Proposed  by  B.  B.  Thayer,  J.  W.  Allen,  G.  M.  Gouyard. 
Bora  1853,  Iowa. 

Present  position:  In  the  mining  business  for  25  years.  Engaged  in  mining 
operations  in  Colorado  for  many  years. 

Junior  Members 

Ray  B.  Anderson,  Golden,  Colo. 

Proposed  by  William  R.  Chedsey,  F.  W.  Traphagen,  Harry  J.  Wolf. 
Bora  1891,  Brooklyn,  N.  Y.     1907-10,  Polytechnic  Preparatory  School,  Brooklyn, 
N.  Y.     1910-11,  Barnard  School,  New  York.     Since  1911,  Colo.  School  of  Mines. 
Present  position :  Student. 

Jay  Joseph  Burns,  Golden.  Colo. 

Proposed  by  William  R.  Chedsey,  Harry  J.  Wolf.  F.  W.  Traphagen.' 

Bom  1891,  Franklin,  Pa.  1906-10.  Franklin  High  School.  1912,  Millman,  Eagle 
Mining  &  Milling  Co.,  Red  Clifif,  Colo.  1914,  Asst.  Chemist  and  Millman,  Butte 
DulutH  Mining^  Co.,  Butte,  Mont. 

Present  position:  Student. 

Fletcher  H.  Wood,  Golden,  Colo. 

Proposed  by  F.  W.  Traphagen,  William  R.  Chedsey,  Harry  J.  Wolf. 

Bora  1888,  Mt.  Vernon,  N.  Y. 

Pr^nt  position:  Student,  Colo.  School  of  Mines,  Golden,  Colo. 
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Roger  M.  Woodbrid|e,  MadiBon  Wis. 

Proposed  by  Edwin  C.  Holden,  Richard  S.  McCaffery,  C.  K.  Leith. 

Bom  1890,  Duluth,  Minn.  1904-08,  Duluth  Central  High  SchooL  1910-11, 
Tome  Institute.  1913,  Univ.  of  Wisconsin.  1907,  Oliver  Min.  Co.  1909-10,  Torrerocca 
Mining  Co.;  assistant  to  D.  E.  Woodbridge  in  exploration  for  iron  in  Cuba.  1911, 
Carneen  Cons.  Copper  Co.  1912-13,  Concentrating  plant  of  M.  A.'  Hanna  Co., 
Ishpeming,  Mich.  1914,  Oliver  Mining  Co.,  Assistant  Surface  Foreman,  Hibbing 
District. 

Present  position:  Student  at  Univ.  of  Wisconsin. 

Change  of  Status r  Associate  to  Member 

J.  O.  W.  Applegren.  Since  becoming  an  Associate  in  the  Institute  I  have  for  over 
five  years  been  actively  engaged  in  mining,  prospecting,  and  as  metallurgical  engineer, 
and  intend  to  continue  my  practice  in  the  field. 

Changes  of  Addebss  of  Members 

[Note. — ^It  has  been  suggested  that  the  publication  in  the  BULLETIN  of  the 
changes  of  address  of  members  be  discontinued.  The  Secretary  is  desirous,  there- 
fore, of  obtaining  an  expression  from  members  as  to  the  usefulness  of  this  list  If 
you  consult  the  list  and  find  it  helpful  will  you  write  the  Secretary  to  this  effect] 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  Sept.  10  to  Oct.  10,  1914. 
This  list,  together  with  the  list  published  in  Bulletin  Nos.  88  to  94,  April 
to  Oct.,  1914,  and  the  foregoing  list  of  new  members,  therefore,  supple- 
ments the  annual  list  of  members  corrected  to  Mar.  1, 1914,  and  brings 
it  up  to  the  date  of  Oct.  10,  1914. 

Adams,  Arthur  K Texas  School  of  Mines,  Ft.  Bliss  Sta.,  El  Paso/  Texas. 

Agne w,   Frank   Vans Paradise  Island,   Kissimmee,  Fk. 

Ahlers,  R.  O St.  Oswalds,  Enton  Green,  Godalming,  Surrey,  Eoi^and. 

Armstead,   Henry  H 32   W.   40th   St.,   New   York,    N.  Y. 

Bacon,  Maurice  W Stewart  Mining  Co.,  Kellogg,  Idaho. 

Barnes,    Blakeslee 3127   Locust   St.,    St.   Louis,    Mo. 

Barney,  Montagu  T Instructed  to  hold  all  mail. 

Barnum,  W.  E 444  E.  Second  St^  Tucson,  Arix. 

Bartlett  W.  S Care  Copper  Mines  of  Copiapo.,  Ltd.,  Copiapo,  Chile. 

Beard,  Jambs  T 10th  Ave.  and  36th  St..  New  York,   N.  Y. 

Black,    Robert   M University   of  Pittsourg,    Pittsburg,  Pa. 

Bower,    C.    P 403   Westview   Ave.,    Germantown,    Philadelphia,   Pa. 

BoYER,    Samuel   L Basin,    Mont. 

Brandes,    Juan    Felix Box    242,    Santa    Barbara,    Gal. 

Brunton.  Frederic  K 865  Grant  Avenue.  Denver,  Colo. 

BuELL,    Lloyd    T Hastings-on-Hudson,    N.    Y. 

Burke,    M.    D 706  2d    National   Bank   Bldg..   Cincinnati,  (Mo. 

BuRNHAM,  Mather  H Brook  House,  Walbrook,  Lonaon,  E.  C,  England. 

Callaway,  S.  D Care  Tulsa  Spelter  Co..  Sand  Springs,  Okla. 

Carnahan,    George    HoY^mbs 509    Mills    Bldg.,    El    Paso,    Texas. 

Castleton,  W.  A Ill  Third  Ave.,  Salt  Lake  City,  Utah. 

Chapman,  James  E Federal  Mining  &  Smelting  Co.,  Wallace,  Idaho. 

Chidbstbr,  W.  B 933  Phelan  Bldg.,  San  Francisco,  Cal. 

Church,  John  L Instructed  to  hold  all  mail, 

Claghorn,   James  L P.   O.   Box   1725,   Bisbee,   Arii. 

Clapp,  Lawrence  P American  Smelting  &  Refining  Co.,  Durango,  Colo. 

Clerc,  F.  L Boulder,  Colo. 

Cole,  David Box  607,  Morenci,  Am. 

Cole,  Robert  J Colonial  Apartments,  West  Park  St.,  Butte,  MoDt. 

Coles,  H.  O Care  Kelvin  Sultana  Copper  Co^  Kelvin,  Arii. 

Conover,  M.  J Box  265,  Rhyolite,  Ncv. 

CoRBUs,   A.   W Los   Molinos,   Tehama,   Cal 

Crawford,  Walter  Howard 819  Beacon  St.,  Suite  1,  Boston,  Mass. 
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Cbemer,  Felix Los  Anareles,  Cal. 

Daniel,  William  B Fresno,  Tolima,  Colombia,  S.  A.,  via  Carteffena. 

Dickinson,   E.   S University  of  Kansas.  Lawrence,   Kan. 

DicKMAN,  K.  N 170  Bay  St.,  St.  Augustine,  Fla. 

Dunn,  T.  S South  Dakota  State  School  of  Mines,  Rapid  City,  S.  D. 

Easton,  H.  D 1142  W.  Monroe  St.,  Springfield,  III. 

Eaton,  A.  L Care  El  Potosi  Mining  Co.,  P.  O.  Box  13,  Chihuanua.  Mexico. 

Kmmel,  Rudolph Marysville,  Mont. 

EsTBBLY,  Gbobgb  M 1031  23d  Ave.,  N.,  Seattle,  Wa«h. 

Eye,  C.  M Baguio,  Prov.  of  Benguet,  Philippine  Islands. 

Fbseman,  R.  R.,  Jr 40  Grand  View  Ave.,  Woflaston,  Mass. 

Fulton,  Chbsteb  A Care  Cia.  Minera  Anomina  Lo  Increible,  Caracas,  Venezuela. 

Gbaham,  H.  W 311  Craft  Ave.,  Pittsburg,  Pa. 

Obiffithb,  Andre  P Genl.  Mgr.,  Cia.  Las  Dos  Estrellas,  El  Oro,  Mexico. 

Gross,  John 709  Equitable  Bldg.,  Denver,  Colo. 

Haabus,  Dunbab  F 2412  Highland  Ave.,  Fall  River,  Mass. 

Kaldeman,  Geoboe  T 21  Stanley  St.,  Wilkes-Barre,  Pa. 

HAL^  Robert  Dawson 10th  Ave.   and  36th  St.,  New  York,  N.  Y. 

Hamilton,  Frank  W Groton,    Conn. 

Hanahan,   M.  L 723  Hartley  Hall,  Columbia  Univ..   New  York,   N.  Y. 

Hance,    Jambs   H 845   East   66th   St.,    Chicago,    Bl. 

Harrison,  Edward  J Box  973,  Douglas,  Arie. 

Hedley,  Robebt  R 30  Fairfield  Bldg.,  Vancouver,   B.   C,   Canada. 

Hbldt,  H.  Ludwig Instructed  to  hold  all  mail. 

Hill,  C.  R Instructed  to  hold  all  mail. 

HocKiNO,  R.   0 17  St.   Day  Road,   Redruth,   Cornwall,   England. 

Ho  WAT,   Andbew   M Ernestine    Mining   Co.,   MogoUon,   N.    M. 

Imhoff,   Alexlandeb 327    N.    Beaudry   Ave.,   Los   Angeles,    Cal. 

Imhoff,    Wallace    G Riddlesburg,    Bedford    Co.,    Pa. 

Jenks,  Abthub  W 2533   Chilton   Way,   Berkeley,   Cal. 

Kellooo,  Lee  Olds 10th  Ave.  and  36th  St.,  New  York,  N.  Y. 

Kennedy,  John  S Chambersburg,  Pa. 

KrrsoNj.H.  W.,Care  British  Columbia  Copper  Co.,  . . .  Voight's  Camp,  B.  C,  Canada. 

Knapp,  G.  F 146  Troup  St.,  Rochester,  N.  Y. 

Kohlberg,  Herbebt  S 512  W.  122d  St.,  New  York.  N.  Y. 

KuBTZ,  Edwabd  Lawbence 315  East  Washington  St.,   New  Castle.   Pa. 

Langlby,  Sbth  S 601  W.  190th  St.,  New  York,  N.  Y. 

Lass,  W.  P Speel  River  Electro  Chemical  Co.,  Juneau,  Alaska. 

Lawshe,  Vebneb  T 365  Mt.  Prospect  Ave.,  Newark,  N.  J. 

Lee,  Edwabd  Clabencb,  Instr.,  Illinois  Miners'  &  Mechanics'  Inst., 

202  Transportation  Bldg.,  Urbana,  111. 

Leland,  Evebabd Care  Reardon  Hotel,  Clifton,  Ariz. 

Lindsay,  L 1  Holland  Park,  London^  W.,  England. 

Linton,  R.  A 635  Florida,  Buenos  Aires,  Argentine. 

Macfablane,  Archibald  Kennedy,  San  Francisco  Mines  of  Mexico^  Lt3^ 

509  Mills  Bldg.,  El  Paso,  Texas. 

M agee,   James   F • . . . .  Colorado   Tungsten   Mines,    Boulder,    Colo. 

M A8TBB6,    H.    K Henderson,    Ky. 

Megbaw,  H.  a 10th  Ave.  and  36th  St.,  New  York.  N.  Y.  ' 

Menefeb,   Abthub  B 1440   Fourth  Ave.,    Louisville,  Ky. 

Mitchell,   Thomas  E Care  A.   W.   Miles,  Livingston,   Mont. 

MoFFETT,  Chables  A.,  Gulf  States  Steel  Co.,  1500  Sixteenth  Avenue  South, 

Birmingham,  Ala. 

Mobbis^  Richabd  J Care  Philadelphia  Institute  Library, 

18th  and  Chestnut  Sts.,  Philadelphia,  Pa. 

MoBBisoN,  W.  L 1052  East  24th  St.,  Erie,  Pa. 

MoBSE,  B.  P 1732  Wazee  St.,  Denver,  C)olo. 

Moses,  P.  S Care  John  Clapp,  Park  City  Addition,  Butte,  Mont. 

Nelson.  John  L Platoro,  Colo. 

Nishio,  Keuibo Care  Takata  &  Co.,  50  Church  St.,  New  York,  N.  Y. 

NoBTON,   E.   G 5910  South   Park  Ave.,   Chicago,  Bl. 

Palmeb,  William  J.  A 622  Lewis  St.,  San  Antonio,  Texas. 

Parsons,  Floyd  W •■ . .  10th  Ave.  and  36th  Street,  New  York,  N.  Y. 

Patebson,  Abthub  W 1814  Eleventh  Ave.,  Spokane,  Wash. 

Pembboks,  E.  R Continental  Bank  Bldg.,  Salt  Lake  City,  Utah. 
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Pbnbose,  R.  a.  F.,  Jb 460  Bullitt  Bldg.,  Philadelphia,  Pi. 

PoLKiNGHOBNE,  JoHN Bonuie  Dunede  Optims,  Ltd.,  via  Hermidale,  N.  S.  W., 

AustraliA. 

Pbochazka,  Geoboe  a.,  Jb 616  Fifteenth  Ave.,  W.,  Calgary,  Alta.,  Canada. 

Rhodes,  Cuablbs Ronaki,  Remuera,  Auckland,  New  Zealand. 

RiEs,  H Cornell  University,  Ithaca,  N.  Y. 

RoDDA,  Stanley  N The  Working  Men's  College,  Latrobe  St.,  Melbourne, 

Vict.,  Australia. 

RuGGLEs,  Guy  H Miami,  Arii, 

Sandbbs,  Bebnabd  H.  . .  Care  F.  P.  Phillips,  7  Upper  Thames  St.,  London,  K  C.. 

Enfuand. 

ScHETJCH,  William  Allen 3302  Hull  Ave.,  New  York,  «.  Y. 

Schmidt,  Henby  C 407  East  Mjrrtle  St.,  San  Antonio,  Tens. 

Seidel,  Victob  B Hotel  Inglaterra,  Havana,  Cuba. 

Shappeb,  William  B Care  C.  A.  Coghlan,  164  Pitt  St.,  Sydney,  N.  S.  W., 

Australia. 

Shimeb,  W.  R 8  South  New  St..  Bethlehem.  Pa. 

Shubick,  Adam  T 36th  St.  and  Tenth  Ave.,  New  York,  N.  Y. 

Spebby,  R.  S 21  Cooke  St..  Waterbury,  Conn. 

Spboat,  a.  D Apartado  307^  Mexico  Cityj  Mexico. 

Stebling.  Ralph The  Goldfield  Consolidated  Mines  Co.,  Goldneld.  Nev. 

Sticht,  Robebt Camp  Anawan,  Meredith,  N.  H. 

Stillwagon,  Sam   C 329  W.   68th  St.,  New  York,   N.  Y. 

SwiPT,  Thbodobe  Van  Kleeck Care  Tuinucu  Sugar  Co.,  Tuinucu,  Cuba. 

Thomas,  Hubebt  S Instructed  to  hold  all  mail. 

Thbogknobton,  Howabd  W 805  Alaska  Commercial  Bldg.,  San  Francisco,  CaL 

ToMBO,  Cabl, 509  West  122nd  St.,  New  York,  N.  Y. 

Tbeat,  L.  B. Caie  Canadian  IngersoU-Rand  Co.,  Cobalt,  Chit.,  Canada. 

Tubneb,  Henby  W 207  Alaska  Commercial  Bldg.,  San  Francisco,  Cal. 

Vail,  Richabd  H 10th  Ave.  and  36th  St.,  New  York,  N.  Y. 

Van  Siclen,  Matthew 1303  Glenn  Ave.,  Augusta,  Ga, 

Walkeb,  W.  Lestbb P.  O.  Box  127,  Basin,  Wyo. 

Waltebs,  M.  B 711  Yale  Station.  New  Havezi.  Conn. 

Wandeb,    Ebnest P.   O-    Box  322^    Rolla,    Mo. 

Wellman,  S.  T 1444  E.  49th  St.,  Cleveland,  Ohio. 

Webnbcke,  Livingston 4646  Eighteenth  Ave.,  N.  E^  Seattle,  Wash. 

Wilkinson,  B.  A Apartado  7,  Real  del  Monte,  Hidalgo,  Mexico. 

Wiluams,  H.  L P.  O.  Box  784.  Salt  Lake  CSty,  Utah. 

Williams,  Ralph  B 89  Federal  St.,  Salem,  Mass. 

Wise,  Sidney  L 28  E.  63rd  St..  New  York,  N.  Y. 

WoBTH,  John  G 316  So.  7th  St.,  Albuquerque,  N.  M. 

Wbight,  Pebcy  E Hotel  Washington  Annex,  Seattle,  Wash. 

Young,   C.   M 2111  Farmers'  Bank  Bldg.,  Pittsburg,  Piu 

Addresses  of  Members  and  Associates  Wanted 

Name  Last  address  of  Record,  from  which  Mail  has  been  Returned. 

Body,  J.  Fbancis New  York,  N.  Y. 

BuBLL,  L.  T Box  1607,  Butte,  Mont. 

Kebb,   David  Gillespie.  , Toronto,  Ont.,   Uanada- 

KiTsoN,  H.  W Care  General  Delivery,  Los  Angles,  Cal. 

Loux,  Cabl  H Care  Ottawa  Mines,  Slocan  City,  B.  C,  Canada. 

Newman,  Bbuno Apartado  90,  Aguascalientes,  Mexico. 

NoBBiE,  William  G Three  Forks,  B.  C,  Canada. 

Palmeb,  Cobtlandt  C New  York,  N.  Y. 

PiNKHAM,  W.  F Battle  Mountain,  Ner. 

Rambo,  William  C.  J Denver,  Colo. 

Ribalkin,  M.  P St.  Petersburg,  Russia. 

RoDQEBS,  Joseph  H Seattle,  Wash. 

RoDBiQUEz,  J.  C Coahuila,  Mexico. 

Thomas,  Chables  S.,  Jb St.  Louis,  Mo. 

Wentwobth,  Ibvinq  H.,  245  Belden  Ave.,  Harlandale  Addition,  San  Antonio,  Texas. 

WiEBUM,  HowABD  F Coram,  Shasta  Co.,  CaL 

Wbaioht,  Ebnest  A London,  S.  W.  England. 
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Necrology 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  dm-ing  the  period  Sept.  10  to  Oct.  10,  1914: 

Date  of 

Election  Name  Date  of  Decease. 

1904  •  DuBois,  Ernest July  31,  1914 

1884  **  Dudley,  William  L September   8,  1914 

1914  •  Evans,  James  Porter September  13,  1914 

1892  *  Grier,  Thomas  J September  22,  1914 

1911  *  Hoffmann.  August  O 1912 

1891  •Senghenydd,  Lord  Merthyr  of August  26,  1914 

1900 *  Sutton,  William  J 

•  Member.  **  Life  Member. 

Biographical  Notices 

James  Porter  Evans  was  bom  at  Zanesville,  Ohio,  Nov.  29,  1860,  and 
went  in  1881  to  Denver,  Colo.,  where  he  engaged  in  the  railroad  business. 
He  continued  in  that  field,  rising  through  various  positions  to  that  of 
Auditor  of  Express  of  the  Denver  and  Rio  Grande  Railroad,  and  sev- 
ered this  connection  in  1895  to  enter  the  Colorado  Iron  Works  Co.,  of 
which  he  was  Vice-President  and  General  Manager  at  the  time  of  his 
death. 

His  activity  in  the  development  and  manufacture  of  mining  and 
smelting  machinery  brought  him  into  intimate  contact  with  many  men  of 
note,  and  in  his  sudden  demise  the  mining  industry  loses  a  prominent 
figure. 

Mr.  Evans  had  drawn  to  himself  a  wide  circle  of  friends  who  had 
become  endeared  to  him  through  his  upright  character  and  genial  dis- 
position. Upon  these  his  loss  will  fall  as  a  personal  bereavement.  He 
had  long  suffered  from  asthma,  bearing  with  great  fortitude  repeated 
severe  attacks  of  this  ailment.  But  a  swifter  and  more  fatal  foe,  pneu- 
monia, assailed  him  on  September  9,  and  few  were  aware  of  his  illness 
when  it  terminated  September  13  in  his  death.  He  was  a  Mason  of  high 
degree,  and  a  member  of  the  Denver  Club  and  the  Denver  Country  Club. 
He  joined  the  Institute  in  April,  1914. 

Thomas  Johnston  Grier  was  born  May  18,  1850,  at  Pakenham,  Ont., 
Canada,  his  father  being  a  native  of  Ireland  and  his  mother  a  Canadian. 
After  graduating  from  the  high-school  at  Iroquois,  he  learned  telegraphy 
and,  at  the  age  of  17,  became  an  operator  in  a  Montreal  oflSce.  In  1871  he 
removed  to  Corinne,  Utah,  and  in  1873  to  Salt  Lake  City,  where  he  spent 
four  years  and  became  chief  operator.  In  1878,  at  the  solicitation  of 
George  Hearst,  one  of  the  original  owners  of  the  Homestake  mine,  he 
accepted  apposition  at  Lead,  S.  D.,  as  book-keeper  and  telegrapher  for  the 
new  Homestake  Mining  Co.  His  remarkable  efficiency!  and  loyalty  in 
this  capacity  made  him  practically  the  assistant  and  often  the  acting 
Superintendent;  and  on  the  death  of  Mr.  McMaster,  in  1884,  he  was 
appointed  Superintendent — an  office  which  he  held  until  the  day  of  his 
death,  thirty  years  later.  In  other  words,  he  gave  to  the  service  of  the 
Homestake  Mining  Co.  thirty-six  years  of  his  life.  Few  great  metal- 
mines  have  been  continuously  and  profitably  productive  for  so  long  a  pe- 
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riod,  and  still  fewer  men  have  held  through  so  many  years  the  unques- 
tioned leadership  in  such  an  enterprise.  The  two  notable  facts  have  a 
common  basis  in  the  character  of  the  man.  It  was  fortunate  indeed  that 
the  Homestake,  one  of  the  earliest  and  most  illustrious  instances  of  the 
modern  American  system  of  mining  great  bodies  of  low-grade  ore,  should 
have  had  the  wise  management  without  which  it  might  easily  have  failed. 
Success  could  not  have  been  commanded  by  technical  skill  alone.  It  wa;; 
necessary  to  command  the  confidence  of  capitalists,  and  secure  the  expen- 
diture of  large  sums  in  advance  of  large  operations.  It  was  necessar}' 
to  introduce  labor-saving  devices,  without  arousing  the  hostility  of 
"labor."  It  was  necessary  to  enforce  rigid  economy  and  discipline  upon 
a  host  of  oflScials  and  employees,  and  vigilant  and  accurate  business  meth- 
ods in  a  business  seldom  or  never  before  subjected  to  such  close  control. 
For  mining  had  been  traditionally  done  with  an  assumed  margin  of 
profit  sufficient  to  cover  a  reasonable  amount  of  leakage  and  waste;  and 
ores  that  would  not  ''pay"  had  been  let  alone,  or  thrown  on  the  dump  as 
worthless,  at  least  for  the  time  being.  If  the  enterprise  was  successful, 
it  was  so  because  it  produced  rich  as  well  as  poor  ore,  and  could  afford  to 
pay  for  mining  both,  if  necessary,  and  throwing  away  the  latter.  But  the 
Homestake  presented,  almost  from  the  outset,  an  exclusively  "low  grade" 
proposition;  and  the  manner  in  which  it  was  handled  furnished  example 
and  inspiration  to  a  multitude  of  similar  undertakings  throughout  this 
country  and  the  civilized  world. 

Its  success  may  be  said  to  have  been  largely  due  to  its  favorable  envir- 
onment, including  the  practical  control  by  the  company  of  municipal  and 
business  affairs  in  the  town  of  Lead.  But  this  control  was  also  the  result 
of  able  management;  and  its  maintenance  was  the  result  of  the  personal 
character  of  the  "benevolent  despot"  who  exercised  it.  From  an  appre- 
ciative notice  in  the  Engineering  and  Mining  Journal  of  Oct.  3,  1914,  we 
learn  that  Mr.  Grier  knew  personally  nearly  every  man  in  the  different 
departments;  that  he  was  always  looking  out  for  their  welfare;  that  no 
grievance  was  too  small  to  receive  his  attention;  that  no  man,  of  what- 
ever station,  was  approached  him  without  receiving  a  respectful  and 
sympathetic  hearing;  and  that,  under  his  practically  supreme  and  unquet^ 
tioned  direction,  the  employees  of  the  Homestake  Co.  have  enjoyed  the 
benefits  of  a  hospital,  an  aid  fund,  a  free  library,  a  free  kindergarten^  a 
recreation-hall,  theater,  etc.,  the  expense  of  the  latter  items,  more  than 
$300,000,  having  been  borne  by  Mrs.  Hearst,  one  of  the  largest  stock- 
holders in  the  company.  Finally,  Mr.  Grier  never  owned  any  Homestake 
stock,  feeling  that  it  placed  him  in  a  better  relation  with  both  the  work- 
men and  the  property  to  have  no  personal  interest  in  dividends. 

While  thus  unselfishly  serving  both  his  employers  and  his  employees, 
Mr.  Grier  directed  vast  expenditures  and  improvements,  which  have 
brought  the  daily  output  of  the  mines  to  nearly  4,500  tons.  These 
improvements  include  the  water-supply  of  Lead  and  several  neighboring 
towns,  as  well  as  the  works  of  the  company;  the  hydro-electric  plant  at 
Spearfish;  the  Ellison  hoist;  the  viaduct  connecting  the  mill  with  the 
railway  system;  the  Star  and  Amicus  mills;  and  other  large  installations 
now  in  progress. 

Of  course,  all  this  could  not  have  been  accomplished  without  opposi- 
tion and  criticism.     Disappointed  middlemen,  "labor"  leaders  deprived 
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of  ocupation,  and  sundry  other  complainants,  made  themselves  heard;  and 
in  August  last,  the  Federal  Commission  on  Industrial  Relations  held  a 
series  of  sessions  at  Deadwood,  during  which  the  critics  were  heard  in 
attack  and  Mr.  Grier  in  reply.  The  result  was  a  Waterloo  for  them,  and  a 
corresponding  triumph  for  him.  At  the  close  of  the  sessions.  Professor 
Commons,  Chairman  of  the  Commission,  made  a  statement  of  his  personal 
impressions,  of  which  the  following  is  a  part : 

"  You  have  here  the  most  remarkable  business  organization  that  I  have  come  across 
in  the  country.  You  have  developed  welfare  features  which  are  beyond  anything  that 
I  know  of,  and  they  are  given  with  a  liberal  hand.  You  have  a  high  scale  of  wages, 
reasonable  hours — ^very  fair  hours.  There  has  been  evidently  great  progress  made  in 
taking;  care  of  the  employees  in  the  hospital  service,  and  you  have  taken  care  of  the  cost 
of  livmg,  have  kept  it  down  below  what  employees  in  other  communities  have  been 
forced  to  pay.  You  have  practically  been  able  by  your  great  strength  here  as  a  huge 
corporation,  dominating  the  whole  community,  to  look  out  for  the  welfare  of  your 
employees,  and  to  bring  in  an  admirable  class  of  citizens.  It  seems  also  that  you  are 
influential  in  politics,  that  you  secure  a  good  class  of  officials,  and  that  you  have  secured 
the  enforcement  of  law,  the  reduction  of  immorality.  It  seems  also  that  you  make  an 
effort  to  build  up  the  religious  life  of  the  community  and  that  your  policy  is  broad  and 
liberal  in  all  respects.  I  take  it  also,  that  this  policy  depends  solely  upon  your  per- 
sonality. Such  inquiries  as  I  have  made  here,  indicate  that  in  all  cases  the  stock- 
holders leave  all  these  matters  to  you  personally,  and  that  this  broad  policy  has  been 
carried  out  by  you  on  your  own  initiative,  and  that  you  have  felt  that  it  was  necessary, 
for  the  good  of  the  community,  the  securing  a  fine  class  of  labor  here,  which  you  have 
undoubtedly  done,  that  you  should  hold  the  reins  pretty  tight  on  this  community." 

Professor  Commons  added  that  another  man  in  Mr.  Grier's  place 
might  not  exercise  his  power  with  the  same  fairness,  justice  and  generosity. 

Mr.  Grier  became  a  member  of  the  Institute  in  1892.  Those  mem- 
bers who  visited  Deadwood  and  Lead  in  1897  (See  Trans,  y  xxvii,  p.  xxxviii) 
retain  a  vivid  memory  of  the  great  Homestake  plant  and  of  its  able  and 
courteous  Superintendent. 

Mr.  Grier  died  September  22, 1914,  at  his  winter  home  in  Los  Angeles, 
CaL,  of  heart  failure.  His  death  was  unexpected,  and  brought  a  severe 
shock  of  surprise  and  sorrow  to  his  many  personal  friends,  the  2,500 
employees  of  the  Homestake  Co.,  and  the  community  of  Deadwood  and 
Lead,  in  which,  besides  his  office  as  Superintendent  of  the  Homestake, 
he  was  President  of  the  First  National  Bank  of  Lead,  Vice-President  of 
the  First  National  Bank  of  Deadwood,  President  of  the  Hearst  Mercantile 
Co.,  member  of  the  Episcopal  Church  and  of  several  Masonic  and  benevo- 
lent orders.  R.  W.  R. 
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EXECUTIVE  CX)MMITTEES  OF  LOCAL  SECTIONS 
New  York 

L.  W.  FRANCIS,  Chairman,  WILLARD  S.  MORSE.  Vie^-Chairman. 

THOMAS  T.  READ,  Stcretary,  Woolworih  Bldg..  New  York,  N.  Y. 
P.  A.  MOSMAN.  TTMturv, 
LOUIS  D.  HDNTOON.  WILLIAM  A.  POMEROY. 

Bo9ton 

HENRY  L.  SMYTH,  Chairman,  ALFRED  C.  LANE,  Vie^^hairman, 

AUGUSTUS  H.  EUSTIS.  S«eretory-2*rM«ur«r.  131  State  St..  Boeton.  Mass. 
ROBERT  H.  RICHARDS,  ALBERT  SAUVBUR. 

Coluwhia 

F.  A.  THOMSON.  Chairman.  GEORGE  W.  RODDEWIQ,  Vi(»<!hairman. 

LYNDON  K.  ARMSTRONG.  StcrUaryTrwuurtr,  P.  O.  Drawer  2154.  Spokane,  Waah. 
R.  S.  McCAFFERY,  S.  H.  RICHARDSON. 

Puget  Sound 
JOSEPH  DANIELS,  Chairman,  J.  N.  POTT.  Vic»-Chairman. 

I.  F.  LAUCKS,  SMretary-TrMsurer,  95  Yealer  Way,  Seattle.  Wash. 
A.  F.  BLAIR.  CHESTER  F.  LEE. 

Southern  California 

THfiODORE  B.  COMSTOCK,  Chairman.  SEELEY  W.  MUDD.  Vice-Chairman. 

FREDERICK  J.  H.  MERRILL,  SeeretanfTreaturer,  300  Germain  Bldg.,  Loe  Angeles,  CaL 
A.  B.  CARPENTER,  C.  COLCOCK  JONES. 

Colorado 

FRANK  BULKLEY,  Chairman. 
C.  LORIMER  COLBURN.  SecreUury-TrMuurer,  614  Ideal  Bldg.,  Denver,  Colo. 
S.  A.  lONIDES.  JAMES  M.  McCLAVE,  DAVID  G.  MILLER. 

Montana 

E.  P.  MATHEWSON,  Chairman.  FRANK  M.  SMITH,  Viee-Chairman. 

D.  C.  BARD,  SeerUary,  Montana  State  School  of  Mines,  Butte,  Mont. 
JAMES  L.  BRUCE.  OSCAR  ROHN. 

San  Francisco 

&  B.  CHRISTY,  Chairman.  H.  C.  HOOVER,  Vicg^hairman. 

ABBOT  A.  HANKS,  Secretary-Treanwer,  630  Sacramento  St.,  San  Frandaoo,  Cal. 

F.  W.  BRADLEY,  C.  W.  MERRILL. 

Pennsylvania  Anihracite  SecUon 

R.  V.  NORRIS,  Chairman, 
CHARLES  F.  HUBER,  Vie^Chairman,  W.  J.  RICHARDS,  Vi<»<:hairman, 

EDWIN  LUDLOW,  Vics-Chairinan,  ARTHUR  H.  ST0RR8,  Viee^hairman. 

CHARLES  ENZIAN,  SeereUuihTreaturtr,  V.  S.  Bureau  of  Mines,  Wilkes-Banv,  Pa. 
DOUGLAS  BUNTING.     FRANK  A.  HUX,  ALBERT  B.  JESSUP, 

RUFUS  J.  FOSTER,        JOHN  M.  HUMPHREY,      ROBERT  A.  QUIN. 

St.  Louis 
HERBERT  A.  WHEELER,  Chairman.  FIRMIN  V.  DESLOGE,  Vice-Chairman, 

WALTER  E.  McCOURT,  Seeretary-Treaturer,  Waahinston  Univ.,  St.  Louis,  Mo. 
W.  MALCOLMSON,  R.  A.  BULL,  PHILIP  N.  MOORE. 

Chicago 

ROBERT  W.  HUNT,  Chairman,  J.  A.  EDE,  Vica-Chairman. 

H.  W.  NICHOLS,  Secretary-Treaaurer,  Field  Museum  of  Natural  History,  Chieago,  m. 
F.  K.  COPELAND,  G.  M.  DAVIDSON. 

Utah  Committee 

ROBERT  C.  GEMMELL,  Chairman. 
GEORGE  D.  BLOOD,       LAFAYETTE  HANCHETT,  GEORGE  W.  RITEB. 

ERNEST  GAYFORD.        DUNCAN  MaoVICHIE, 
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STANDING  COMMITTEES 

Executive 
benjamin  B.  THAYER,  Chairfnan, 
JAMES  F.  KEMP.  CHARLES  F.  RAND. 

ALBERT  R.  LEDOUX.  JOSEPH  W.  RICHARDS. 

Memberekip 
EARL  EILERS.  Chairman, 
W,  R.  INGALLS.'J  JOHN  H.  JANEWAY.  Ja.. 

JOHN  D.  IRVING,  SIDNEY  J.  JENNINGS. 

Finance 

CHARLES  F.  RAND.  Chainnan. 
KARL  EILERS,  W.  L.  SAUNDERS. 

Library 
E.  GYBBON  SPILSBURY.  Ckairman.i^ 
C.  R.  CORNING.*  ALEX.  C.  HUMPHREYS.' 

JOHN  HAYS  HAMMOND.*  BRADLEY  STOUGHTON. 

Papers  and  PvJblicatume 
BRADLEY  STOUGHTON.  Chairman. 
nuounra  oouummm 

JOSEPH  W.  RICHARDS. 

GEORGE  C.  STONE. 


JAMES  F.  KEMP. 

THOMAS  T.  READ. 
LEONARD  S.  AUSTIN. 
JOHN  BIRKINBINE, 
DAVID  W.  BRUNTON. 
GELASIO  CAETANI, 
WILLIAM  CAMPBELL. 
ALBERT  E.  CARLTON. 
ALLAN  JAY  CLARK. 
NATHANIEL  H.  EMMONS. 
JOHN  W.  FINCH. 
CHARLES  H.  FULTON. 
JAMES  GAYLEY. 
CHARLES  W.  GOODALE. 
C.  WILLARD  HAYES. 
HEINRICH  O.  HOFMAN. 
HENRY  M.  HOWE. 


LOUIS  D.  HUNTOON. 
L.  O.  KELLOGG. 
WILLIAM  KELLY. 
JAMES  F.  KEMP. 
CHARLES  KIRCHHOFF. 
CHARLES  K.  LEITH. 
ANTHONY  F.  LUCAS. 
RICHARD  MOLDENKE. 
SEELEY  W.  MUDD. 
HENRY  S.  MUNROE. 
R.  V.  NORRIS. 
EDWARD  W.  PARKER, 
EDWARD  D.  PETERS. 
ROSSITER  W.  RAYMOND. 
JOSEPH  W.  RICHARDS. 


ROBERT  H.  RICHARDS, 
HEINRICH  RIES, 
E.  F.  ROEBER. 
RENO  H.  SALES. 
ALBERT  SAUVEUR 
CHARLES  H.  SHAMEL. 
HENRY  L.  SMYTH. 
GEORGE  C.  STONE. 
RALPH  H.  SWEETSER. 
FELIX  A.  VOGEL. 
ARTHUR  L.  WALKER. 
ROLLA  B.  WATSON. 
HORACE  V.  WINCHELL. 


COMMITTEE    ON    JUNIOR    MEMBERS    AND    AFFILIATED    STUDENT 

SOCIETIES 
HARRY  H.  STOEK.  Chairman. 

Vice-ChaxTmen 
CHARLES  H.  FULTON.  WILLIAM  B.  PHILLIPS. 

FREDERICK  W.  SPERR.  REGIS  CHAUVENET. 

GEORGE  J.  YOUNG. 
WALTER  R.  CRANE.  5«crclary.  PenatylTanU  State  College.  State  College.  Pa. 


LUTHER  W.  BAHNEY, 
DARSIE  C.  BARD. 
ROBERT  H.  BRADFORD. 
SAMUEL  W.  BEYER, 
GUY  H.  COX. 
JOSEPH  DANIELS. 
NOAH  F.  DRAKE. 


FRANK  W.  DURKEE. 
HOWARD  ECKFELDT, 
DAVID  M.  FOLSOM. 
R.  R.  GOODRICH. 
CHARLES  E.  LOCKE. 
HENRY  B.  MELLER. 
WALTER  S.  MORLEY. 


CHARLES  J.  NORWOOD. 
GEORGE  S.  RAYMER. 
HEINRICH  RIES. 
HENRY  L.  SMYTH, 
FRANCIS  A.  THOMSON. 
CLINTON  M.  YOUNG. 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  MINES 


Electricity  in  Mining 
WILLIAM  KELLY, 
THOMAS  H.  LEGGETT, 
SAMUEL  A.  TAYLOR, 


Mine  Explosions 
H.  M.  CHANCE, 
FRANK  HAAS, 


Mine  Subsidence 
JAMES  F.  KEMP. 
R.  V.  NORRIS, 
CHARLES  K.  LEITH. 


1  Until  Feb.,  1015.        >  Until  Feb..  1916.        •  Until  Feb..  1917.        «  Until  Feb.,  1918. 
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COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

ADOLPHE  E.  BORIE,  Chairman. 


QEORQB  D.  BARRON. 
EDWARD  H.  BENJAMIN. 
FRED  H.  BOSTWICK. 
ELI  T.  CONNER. 
C.  R.  CORNING. 
WALTER  DOUGLAS. 

THOMAS  T.  READ.  Secretary,  Woolworth  Bldg..  New  York.  N.  Y. 


PHILIP  N.  MOORE, 
ROBERT  H.  RICHARDS, 
MILNOR  ROBERTS. 
CARL  SCHOLZ, 
WILLIAM  WRAITH. 


JOHN  H.  ALLEN. 
RICHARD  M.  ATWATER.  Jk.. 
D.  C.  BARD, 
W.  OB  L.  BENEDICT. 
S.  W.  BEYER. 
A.  C.  BOYLE.  Jb.. 
FREDERICK  BRADSHAW. 
JOHN  C.  BRANNER, 
J.  E.  BUTLER. 
PALMER  CARTER, 
ALLAN  JAY  CLARK. 
GEO.  M.  COLVOCORESSES, 
F.  CRABTREE. 
GEORGE  C.  CRAWFORD. 
O.  C.  DAVIDSON. 
JAMES  S.  DOUGLAS. 
N.  F.  DRAKE. 
DAMON  D.  DUNKIN. 
HOWARD  N.  EAVENSON. 
HOWARD  ECKFELDT. 


R.  C.  GEMMELL, 
EDWIN  C.  HOLDEN. 
WILLIAM  L.  HONNOLD. 
WALTER  E.  HOPPER. 
REGINALD  E.  HORE. 
TADASHIRO  INOUYE. 
ROYAL  P.  JARVI8, 
C.  COLCOCK  JONES. 
EUGENE  P.  KENNEDY, 
G.  E.  LADD. 
H.  N.  LAWRIE. 
CHESTER  F.  LEE. 
RICHARD  S.  McCAFFERY. 
S.  W.  McCALLIE. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
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Copper  Smelting  in  Japan* 

BT  MANUEL  EISSLER,    PARIS,   FRANCE 

EDITED  BT  BURR  A.   ROBINSON,    ASSISTANT  SECRETARY 

(New  York  Meeting.  February,  1915) 

Introduction 

The  history  of  copper  metallurgy  in  Japan  goes  back  into  remote  ages, 
of  this  there  is  abundant  proof,  and  that  the  working  of  this  metal  is 
closely  connected  with  the  artistic  development  of  this  nation  is  evi- 
denced by  some  of  the  glorious  monuments  which  have  been  produced  by 
these  ancient  metal  workers.  The  traveler  sees  to-day  in  a  perfect  state 
of  preservation  bronze  statues  150  ft.  high,  and  over,  300  ft.  in  width,  and 
170  ft.  in  depth,  delicately  chased  and  beautifully  marked,  and  when  one 
reflects  that  some  of  them  date  back  to  the  eighth  century  A.  D.,  the 
question  naturally  suggests  itself,  how  did  these  ancient  metallurgists 
with  their  crude  and  primitive  appliances  accomplish  this  stupendous 
task? 

The  bodies  of  these  images  are  formed  of  bronze  castings  10  to  12  in. 
thick,  which  were  gradually  built  up  and  soldered  together,  but  other 
pieces  of  magnitude,  like  the  heads  and  other  portions  of  the  body  are 
single  castings.  In  many  cases  another  method  of  construction  must 
have  been  adopted.  The  walls  of  the  molds  were  gradually  built  up  and 
as  the  lower  portion  of  the  castings  cooled,  the  walls  were  raised  higher  and 
higher  and  fresh  metal  must  have  been  added,  instead  of  constructing 
the  whole  mold  first  and  then  making  the  casting  in  one  piece. 

There  are  still  traces  of  substantial  gilding  visible  on  these  statues, 
and  how  the  pious  Buddhist  priests  who  were  the  constructors  of  them 
got  the  precious  metal,  is  preserved  in  legendary  tales. 

As  a  matter  of  interest  I  will  mention  that  mines  in  Japan  are  not 
generally  worked  as  joint  stock  enterprises,  but  are  mostly  family 
properties  which  have  descended  to  their  present  owners  from  their 
ancestors.     Only  in  recent  years  have  some  new  discoveries,  in  rare 

*  Based  on  notes  taken  during  a  journey  to  the  principal  mining  districts  of  the 
Japanese  Empire  in  1906  and  1907.  ^  I 
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cases,  sought  the  assistance  of  foreign  capital.  Only  one  rnining  com- 
pany has  its  shares  dealt  in  on  the  stock  exchange  and  mines  are  worked 
like  other  industrial  undertakings.  Owing  to  the  abundance  of  cheap 
labor  they  are  yielding  profits  on  exceedingly  low-grade  ores.  The  pres- 
ent production  of  copper  in  Japan  is  about  45,000  tons  a  year  and  from 
what  I  have  seen  of  the  country  I  believe  it  will  gradually  increase. 

What  actuated  me  in  presenting  this  modest  work  to  our  Institute  was 
my  desire  to  place  before  the  members  a  description  of  how  old  methods 
are  still  adhered  to,  even  at  some  of  the  larger  mines,  where  they  are 
installed  alongside  the  most  modern  and  improved  American  and 
European  methods.  It  was  particularly  this  commingling  of  the  old 
with  the  new  which  interested  me  and  may  also  prove  of  interest  to  others. 

I  take  occasion  to  thank  all  those  gentlemen  in  Japan  who  have  given 
me  the  opportunity  of  visiting  their  mines  and  who  extended  to  me  their 
kind  hospitality,  and  I  am  specially  indebted  to  Dr.  Abe  and  to  Dr. 
Watanabe  for  their  introduction  to  the  mining  community  of  Japan. 

This  paper  shows  that  Japan  understood  hundreds  of  years  ago  how 
to  extract  copper  and  other  metals,  and  produce  with  them  works  of  art 
which  will  stand  as  everlasting  monuments  to  prove  the  high  culture  of 
this  nation  in  past  ages,  when  some  of  our  European  countries  were  still  in 
darkness,  and  when  Grecian  and  Roman  art  was  forgotten. 

I.  Smelting  at  the  Besshi  Works  op  the  Sumitomo 
Company 

The  mineral  at  the  Besshi  mine  is  an  intimate  mixture  of  iron  and 
copper  pyrites  and  contains  considerable  magnetic  iron  and  silica.  The 
average  contents  of  the  ores  are  about  4  per  cent,  of  copper.  The  quantity 
of  ore  smelted  in  1905  amounted  to  32,000,000  kwans  (1  kwan  =  8.26 
lb.)  or  132,160  tons  and  the  production  of  copper  amounted  to  5,200  tons, 
showing  an  extraction  of  3.93  per  cent.;  consequently  25.4  tons  of  ore 
were  required  to  produce  one  ton  of  copper.  On  the  basis  of  340  working 
days,  388  tons  are  smelted  daily.  There  are  no  precious  metals  in  the 
Besshi  ore. 

The  smelting  works  are  situated  on  Shisaka  Island  in  the  Inland  sea 
and  distant  10  miles  from  the  mines  which  are  on  Shikoku  mainland. 
The  ores  are  brought  in  boats  of  30  tons  capacity,  and  generally  six  of 
these  are  propelled  by  means  of  a  tug  boat  from  the  landing  stage  on  the 
island.  The  ore  is  hoisted  in  1-ton  trucks  on  a  double-track  line  up  an 
incline  by  means  of  a  winding  engine  to  a  station  158  ft.  above  sea  level 
and  is  distributed  from  here  to  the  roasting  stalls  which  are  disposed  along 
the  slope  of  the  hill.  There  are  635  ore-roasting  stalls  and  126  matte- 
roasting  stalls. 

The  roasting  stalls,  which  are  made  of  slag  bricks,  are  13  ft.  long,  5.5  ft. 
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wide  and  6  ft.  deep.  The  front  walls  are  3  ft.  thick  and  the  division  walls 
2.5  ft.  In  the  front  there  are  two  charge  openings  4  ft.  high  and  3  ft. 
wide.  There  are  nine  small  openings  in  the  back  walls  which  communi- 
cate with  the  flue.  The  four  benches  or  terraces  on  which  the  stalls  are 
built  have  each  a  length  of  448  ft.;  the  width  of  the  first  bench  is  88  ft. 
The  flues  into  which  the  stalls  debouch  are  6  ft.  8  in.  wide  and  6  ft.  in 
height.  The  transverse  flue,  into  which  the  longitudinal  flues  debouch, 
is  6  ft.  wide  and  9  ft.  9  in.  high  and  connects  with  a  dust  chamber  10  ft. 
wide  and  21  ft.  high  leading  to  the  smoke-stack. 

For  roasting,  wood  and  5  per  cent,  of  the  weight  of  ore  in  coke  are 
employed.  The  ore-roasting  stalls  hold  35  tons  each  and  the  roast  is 
finished  in  45  days.  The  matte-roasting  stalls  hold  30  tons  each;  roasting 
is  finished  in  two  weeks.  For  taking  the  roasted  matte  and  ores  down 
hill  to  the  smelters,  incline  tracks  working  automatically  are  employed. 
The  stalls  for  matte  roasting  are  under  sheds,  those  for  ores  in  the 
open. 

The  Blast  Furnaces 

There  are  three  blast  furnaces  in  the  ore-smelting  house,  which  have 
each  a  smelting  capacity  of  200  tons  of  ore,  and  as  only  two  furnaces  are 
at  work  and  one  is  held  in  reserve,  the  quantity  of  ore  smelted  daily  is 
about  380  to  400  tons.  Owing  to  the  basic  nature  of  ore,  60  tons  of  silice- 
ous rock  are  added;  the  daily  consumption  of  coke  is  about  70  tons  or  15 
per  cent,  of  the  furnace  charge.  The  siliceous  rock  is  mined  from  an 
adjacent  island  and  is  barren.  The  ore  after  stall  roasting  contains  from 
10  to  12  per  cent,  of  sulphur. 

The  three  water-jacket  furnaces  are  each  16  ft.  long  and  3  ft.  3  in. 
wide,  equipped  with  ten  4-in.  tuyeres  on  one  side,  12  tuyeres  on  the  other 
or  back  portion  and  one  tuyere  on  one  of  the  ends.  The  front  consists 
of  six  water  jackets,  5  ft.  8  in.  high,  3  ft.  wide,  with  a  water  space  of  4  in. 
These  water  jackets  are  built  at  the  workshops  of  the  company  in  the 
Niihama  mining  village.  The  tuyferes  are  all  provided  with  cutoff  valves. 
The  water  jackets  are  held  together  by  a  ring  made  of  steel  rails.  From  the 
center  of  the  tuydres  to  the  feed  floor  is  only  7.5  ft.  The  cast-iron  drop 
bottom  of  each  furnace  is  held  in  position  by  jack  screws.  The  top 
portion  of  the  furnace  is  supported  by  10  iron  columns.  The  air  pipes 
around  the  furnaces  are  12  in.  in  diameter.  The  cold-water  pipes  to 
jackets  are  2.5  in.  in  diameter  and  so  are  the  outlet  pipes  on  top  of 
jackets.  The  slag  spout  is  water  jacketed  with  coils  of  pipes.  Each 
water  jacket  is  provided  with  two  hand  holes  and  two  valves  for  drawing 
oR  the  sediment.  As  sea  water  is  used  in  the  jackets,  great  attention  is 
paid  to  the  cleaning  of  jackets.  When  cleaning  out  the  jackets,  which  is 
done  once  a  month,  a  hose  is  attached  to  one  of  the  valves  and  water 
under  pressure  is  pumped  into  them  to  stir  up  the  sediment.    The  water 
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used  in  the  water  jackets  is  pumped  from  the  sea  into  a  large  brick  reser- 
voir holding  253,600  gal. 

On  top  of  each  furnace  are  three  short  iron  chimneys,  3  ft.  in  diameter 
and  lined  with  brick,  leading  into  a  circular  dust  chamber  11  ft.  in 
diameter  lined  with  fire  clay  which  runs  the  total  length  of  the  three 
furnaces  and  on  top  of  them.  This  dust  chamber  is  cleaned  out  with 
compressed  air. 

The  slag  and  matte  run  continuously  into  a  circular  forehearth,  10  ft. 
in  diameter  and  4  ft.  high,  which  is  water  jacketed.  In  the  bottom  are 
several  layers  of  fire  bricks.  The  matte  can  be  tapped  from  both  sides  of 
the  hearth.  There  are  also  several  hand  holes  near  the  bottom  of  this 
forehearth  to  clean  out  the  sediment.  Matte  is  drawn  every  4  hr.  Any 
slag  collected  from  the  matte  pots  is  resmelted. 

The  daily  production  is  about  60  tons  of  matte,  or  15  per  cent,  of  the 
weight  of  ore  smelted  and  the  same  contains  from  27  to  30  per  cent,  of 
copper.  Each  furnace  requires  4,000  gal.  of  jacket  water  per  hour  and 
experiments  are  now  being  made  with  water  jackets  made  of  copper. 

The  matte  composition  is  as  follows:  Iron,  40.22  per  cent.;  sulphur, 
18.88  per  cent.;  copper,  30.78  per  cent.  The  slag  composition  is:  SiOj, 
35.48  per  cent.;  FeO,  51.73  per  cent.;  AI2O3,  7.35  per  cent.;  copper,  0.429 
per  cent. 

Smelting  for  Second  Matte 

The  first  matte  produced  is  broken  up  by  hand  labor  and  goes  to  the 
matte-roasting  stalls  and  after  roasting  still  contains  12  to  13  per  cent,  of 
sulphur.  It  is  then  smelted  in  blast  furnaces,  situated  in  a  separate 
building.  This  concentrated  or  second  matte  contains  70  per  cent,  of 
copper.  The  molten  matte  from  these  furnaces  is  run  into  reverberatory 
furnaces,  which  convert  it  into  blister  copper  98  to  99  per  cent.  fine.  The 
blister  copper  is  taken  to  another  building  and  smelted  in  reverberatory 
refining  furnaces  and  made  into  fine  rose  copper  of  99.7  per  cent, 
fineness. 

There  are  three  circular  matte-smelting  furnaces,  which  have  a  capac- 
ity of  30  tons  each;  two  are  constantly  in  operation,  while  one  is  held  in 
reserve  or  is  undergoing  repairs.  With  the  matte  is  also  smelted  all 
refuse  from  the  blister  and  refining  furnaces  as  well  as  all  skinmiings  and 
dross.  To  the  charges  is  added  15  to  16  per  cent,  of  the  siliceous  rock  as 
above  mentioned  and  17  per  cent,  of  coke  is  used.  Why  the  owner  of  the 
mine  does  not  buy  siliceous  copper  ores  to  utilize  in  place  of  waste  rock, 
I  do  not  know,  unless  there  is  a  lack  of  such  material  in  the  neighboring 
mines.  These  matting  furnaces  are  3  ft.  in  diameter  and  have  eight  2.5- 
in.  tuyeres  each.  The  water  jackets  are  4  ft.  high  and  the  distance  from 
center  of  the  tuy feres  to  bottom  of  the  jackets  is  6  in.  The  crucible  shell 
is  4  ft.  deep.     The  distance  from  the  tuyfere  level  to  feed  floor  is  7.5  ft. 
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The  slag  is  run  into  pots  and  after  cooling  the  bottom  cone  is  broken 
off  and  returned  to  the  ore-smelting  furnaces.  The  same  is  also  done 
with  the  slag  which  is  drawn  off  from  the  forehearth  in  the  first  matte- 
smelting  department  just  before  tapping  the  matte.  The  slags  from  the 
No.  2  matte  smelting,  which  are  thus  returned  to  the  ore-smelting  furnaces, 
contain  1.5  per  cent,  copper. 

The  crucibles  of  the  matting  furnaces  are  lined  with  fire  bricks  and 
with  a  layer  of  brasque  composed  of  charcoal  powder  and  clay.  These 
furnaces  are  erected  on  an  elevated  platform,  so  that  there  is  sufficient 
grade  for  the  molten  material  to  run  direct  into  the  blister  furnaces.  In  the 
dust  chamber  10  per  cent,  of  the  weight  of  material  is  collected  and  the 
dust  contains  30  per  cent,  of  copper;  it  is  melted  down  and  returned  to  the 
furnace. 

The  Blister  Furnaces 

There  are  six  reverberatories,  two  for  each  cupola.  Their  dimensions 
are  16  ft.  8  in.  by  7  ft.  8  in.  with  fireplaces  5  ft.  5  in.  by  3  ft.  5  in.  The 
matte  runs  alternately  into  these  furnaces  by  means  of  sheet-iron  gutters 
lined  with  clay  and  charcoal,  which  are  suspended  on  chains.  Com- 
pressed air  at  6-lb.  pressure  is  blown  in  on  both  sides  of  the  reverbera- 
tory  furnaces.  Each  furnace  holds  3  tons  of  matte  and  every  12  hr.  1.8 
tons  of  blister  copper  is  drawn.  The  furnaces  are  filled  with  the  molten 
material  from  an  opening  in  the  top .  The  quantity  of  fuel  required  is  equal 
to  10  per  cent,  of  the  weight  of  the  matte.  The  slags  from  these  furnaces 
go  back  to  the  matting  furnaces.  The  chimneys  from  the  six  furnaces 
debouch  into  an  overhead  flue,  or  dust  chamber,  supported  on  independ- 
ent iron  girders.  The  top  portions  of  the  chimneys,  where  they  connect 
with  the  dust  chamber,  are  made  of  boiler  iron.  The  blister  copper  is 
ladled  out,  cast  into  ingots  and  sent  to  the  refining  furnace.  The  ingots 
weigh  40  lb.,  and  the  ratio  of  blister  copper  to  refined  copper  is  95  per 
cent. 

Refining  Furnaces 

There  are  two  refining  furnaces  having  each  a  capacity  of  15  tons  in  24 
hr.  The  consumption  of  fuel  as  given  to  me  was:  Coal  32  per  cent.; 
charcoal,  1.6  per  cent.;  poling  wood,  6  per  cent.;  total,  39.6  per  cent,  of 
the  weight  of  copper,  which  seems  to  me  extremely  high. 

The  sand  or  ganister  for  making  the  bottom  of  these  furnaces  comes 
from  the  Province  of  Iwagi  in  the  northern  portion  of  Japan. 

For  home  consumption  the  copper  is  cast  into  square  plates  12  by  12  in., 
weighing  42  kin  or  54.6  lb.  (1  kin  =  1.3  lb.).  The  ingots  for  export 
weigh  23  lb.  The  molds  are  of  copper  and  rest  on  a  circular  table  which 
rotates  by  mechanical  means.  A  thick  muddy  water  is  poured  into  the 
hot  molds  and  as  the  water  evaporates  a  clay  lining  is  left  V)ebind  wWch 
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prevents  the  ingots  sticking  to  the  molds.  When  ladling  the  metal  into 
them,  a  woman  drops  into  each  mold  a  small  strip  of  refined  copper,  which 
superstition  says  imparts  great  virtues  to  the  metal.  This  practice 
dates  from  mediaeval  times  and  is  religiously  kept  up.  The  Sumitomo 
brands  enjoy  a  high  reputation  not  only  in  Japan,  but  also  in  other 
countries. 

Dust  Chambers,  Flues  and  Chimneys 

In  the  ore-smelting  department,  the  iron  flue  on  top  of  the  blast 
furnaces  is  13.7  ft.  in  diameter,  lined  with  fire  clay,  giving  an  inner  diame- 
ter of  11  ft.;  the  length  of  this  iron  flue  is  153  ft.  This  flue  debouches 
into  a  dust  chamber  121  ft.  in  length,  14  ft.  wi^e  and  21  ft.  high,  which 
connects  with  another  dust  chamber  220  ft.  long,  11  ft.  high  and  14  ft. 
wide.  The  latter  joins  the  chimney  which  has  an  internal  diameter  of  15 
ft.  at  the  base  and  a  height  of  210  ft.  Its  outer  diameter  is  28  ft.  at  the 
base,  consequently  the  brick  work  is  6.5  ft.  thick.  At  the  top  of  the  chim- 
ney, the  outer  diameter  is  17  ft.  The  foundations  of  the  chimney  are 
35  ft.  in  diameter.  The  walls  of  the  dust  chambers  have  a  thickness  of 
1.87  ft.  and  the  arches  1.49  ft. 

The  flue  from  the  matte-smelting  furnaces  is  also  of  sheet  iron.  It 
connects  with  a  vertical  brick  flue  leading  to  a  dust  chamber  which  is 
45.5  ft.  long,  9  ft.  wide,  15  ft.  high  and  connects  with  another  chamber 
76.5  ft.  long,  two  stories  high,  each  story  12  ft.  wide  and  24  ft.  high.  A 
flue  51  ft.  long,  7  ft.  wide,  10.5  ft.  high  connects  the  last  chamber  with 
the  chimney.  The  flues  from  the  roasting  stalls  are  also  connected  with 
extensive  dust  chambers  leading  to  an  independent  chimney  204  ft.  high 
of  similar  dimensions  as  described  above.  The  works  present  an  impos- 
ing appearance  and  were  erected  regardless  of  expense. 

Sea  water  is  used  in  the  boilers  and  they  are  cleaned  once  a  month. 
The  mine  is  provided  with  extensive  machine  and  repair  shops  and  an  iron 
foundry. 

Cement  Copper  from  the  Mine  Water 

The  mine  discharges  about  25  cu.  ft.  of  water  per  minute,  which  is 
passed  through  a  series  of  brick  tanks,  lined  with  cement.  There  are  152 
of  these  tanks  arranged  in  four  rows  of  38  each.  The  dimensions  of 
these  tanks  are  12  ft.  in  length,  8  ft.  in  width  and  4.5  ft.  in  depth. 

At  the  head  of  the  tanks  is  a  large  distributing  reservoir  for  settling 
the  sediment.  Between  the  second  and  third  row  is  a  main  gutter  into 
which  the  water  is  discharged  when  cleaning  up.  There  is  an  outer 
gutter  for  the  first  row  and  one  for  the  fourth.  The  tanks  contain  coke 
and  scrap  iron  in  twelve  layers  arranged  alternately.  The  coke  when  satu- 
rated is  sent  direct  to  the  smelter,  as  the  cement  copper  settles  in  its  pores. 
The  yearly  production  is  225  tons  cement  copper,  which  contains  60  per 
cent,  copper. 
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Remarks  and  Observations 

I  have  obtained  no  data  as  to  cost  of  production.  Judging  from  the 
character  of  the  ore  I  think  that  eventually  pyritic  smelting  will  be  adopted 
at  these  works,  but  it  will  be  necessary  to  mix  the  ores  with  a  siliceous 
copper  ore  so  as  to  slag  excess  of  iron  and  this  will  materially  reduce  the 
cost  of  making  copper.  Considering  the  successful  operation  of 
all  the  other  metallurgical  operations,  I  hardly  think  that,  on  a  small 
output  of  say  15  tons  copper  per  day,  the  discardof  the  rest  of  the  plant 
and  the  introduction  of  converters  would  be  justified. 

II.  Smelting  at  the  Ikuno  Mines 

The  metallurgical  plant  at  this  mine  consists  of:  Concentration  plant; 
Kiss  process  plant;  smelting  works.  It  is  only  the  last  that  is  of  interest 
to  us  for  the  present;  the  following  materials  are  sent  to  the  blast  furnaces : 
Gold  and  silver  ores  from  the  Tasei  mine;  copper  and  silver  ores  from  the 
Kanagase  mine;  concentrates  and  the  fines  from  the  copper  ore,  made 
into  briquettes. 

The  product  is  black  copper  assajdng:  copper  96  per  cent.;  silver, 
0.8  per  cent,  or  266  oz.  per  ton;  gold,  0.015  per  cent,  or  5  oz.  per  ton. 

The  various  ores  which  are  smelted  here  come  from  several  tnines 
which  are  within  a  radius  of  10  miles. 

The  Tasei  mine  furnishes  a  brownish  colored  quartz,  which  contains 
sulphide  of  silver  in  association  with  native  gold,  a  small  quantity  of 
pyrite,  copper  sulphides  and  blende. 

The  Kanagase  mine  furnishes  quartzose  ores  with  copper  sulphides, 
some  galena,  blende  and  pyrite. 

The  Otsubushi  ores  contain  metallic  silver,  galena,  blende,  argentic 
sulphide,  bornite,  some  antimony,  nickel  and  cobalt.  The  galena  ores 
do  not  seem  to  carry  much  silver  and  good  samples  of  tetrahedrite  and 
argentite  are  frequent  in  the  mine. 

The  Mikobata  mine  carries  silver  ore  with  gold. 

The  Nakase  mine  furnishes  silver  ores  and  gold  in  association  with 
cupriferous  pyrites.     Native  silver  is  often  found  with  pyrargyrite. 

The  smelting  as  carried  out  at  present  is  pyritic  and  the  fuel  is  only 
added  in  the  outer  ring  of  the  furnace,  when  the  same  does  not  run 
regularly. 

The  ores  contain  about  17  per  cent,  of  sulphur,  of  which  9  per  cent, 
burns  and  acts  as  a  fuel  and  8  per  cent,  is  absorbed  in  the  matte.  This 
system  was  introduced  in  1902  or  1903;  prior  to  that  period  the  ore  only 
contained  9  to  10  per  cent,  of  sulphur.  As  an  average  of  17  per  cent,  of 
sulphur  is  not  sufficient,  pyritic  ores  are  brought  from  outside  mines 
whenever  obtainable  and  cheap  enough  to  leave  a  profit. 
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Tliere  are  35  roantiug  stalls,  dimeiisious  5  by  9  ft.,  each  holding  7  tons. 
The  fuel  is  mostly  pine  wood  and  is  used  at  the  rate  of  1  per  cent,  of  the 
weight  of  ore.  The  roasting  takes  one  week,  but  why  there  is  such  a  large 
quantity  of  ore  roasted  when  there  is  a  lack  of  sulphur,  I  did  not  learn. 


Fig.  1. — SEBn-PTRiTic  Blast  Fuenacb  at  Ikuno  Works. 

The  concentrates  are  made  into  briquettes  by  being  mixed  with  5 
per  cent,  of  milk  of  lime.  About  30  women  are  employed  at  this  work, 
each  woman  makes  800  briquettes  in  9  hr.  or  24,000  are  made  daily. 
These  briquettes  are  dried  in  the  main  flue  leading  to  the  chimney  which 
is  on  top  of  the  hill.    They  are  cylindrical  in  shape,  4  in.  in  diameter 
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and  5  in.  high.  The  main  flue  near  the  briquetting  shed  is  enlarged  and 
divided  by  a  longitudinal  wall  into  two  parts,  and  when  one  section  is 
being  employed  the  draft  is  turned  into  the  other  section.  These  drying 
chambers  are,  30  ft.  in  length,  9  ft.  in  height  and  8  ft.  in  width,  each 
holding  30,000  briquettes  and  the  drying  is  effected  in  34  hr. 

The  ore  smelting  is  done  in  three  cupolas.  The  No.  1  furnace  is  14 
ft.  high  from  tuyere  to  feed  floor.  The  diameter  at  the  tuyeres  is  52  in. 
There  are  eight  tuyferes.  There  is  an  inner  circle  to  this  furnace  formed 
of  a  cast-iron  pipe,  30  in.  in  diameter,  which  reaches  within  6  ft.  of  th6 
tuyeres,  consequently  this  pipe  is  8  ft.  in  length.  Into  this  inner  circle 
are  fed  coke  and  ore  rich  in  sulphur,  or  the  fuel  portion  of  the  charge. 

The  furnace  is  built  of  two  series  of  water  jackets  one  on  top  of  the 
other,  and  discharges  into  a  square  forehearth.  The  spout  connecting 
furnace  with  forehearth  is  also  water  jacketed.  The  bottom  of  the 
furnace  is  10  in.  below  the  tuyeres.  From  the  first  forehearth  the  slag 
discharges  into  another  forehearth  and  then  into  the  slag  pots. 

The  capacity  of  the  No.  1  furnace  is  50  tons  of  smelting  mixture. 
The  furnaces  are  connected  with  dust  chambers  built  at  the  back  of  the 
works.  The  percentage  of  fuel  employed  is  9  per  cent.  The  matte 
produced  carries  about  40  per  cent,  copper.  The  cost  of  smelting  is 
given  to  me  at  6^  yen  per  ton  (equal  to  13  shillings)  which  includes 
all  the  roasting  and  refining  charges. 

The  furnace  charges  consist  of:  Kilograms 

Copper  ores  No.  3  carrying  15  per  cent,  of  copper 100 

Dressed  eopper  ores 150 

Copper  ores  No.  4  carrying  7  per  cent,  of  copper 100 

Raw  briquettes,  only  dried 50 

Siliceous  gold  and  silver  ores 20 

Mabuki-Doko  slags 150 

Limestone 100 

Residues  from  sulphuric  acid  works  (roasted  pyrites  with 

some  copper) 290 

Matte 100 

Coke. . . .-. 95 

Total 1,155 

The  matte  composition  is  as  follows: 

Per  Cent. 

Copper: 41 .20 

Iron 22.60 

Sulphur 26.40 

The  slag  composition  is  as  follows: 

Per  Cent. 

Silica 43 

Iron 30 

Lime J^  , 
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The  ores  carry  on  an  average  6  per  cent,  of  zinc.  The  iron  which  is 
lacking  is  supplied  from  the  Osaka  Chemical  works  which  sells  to  various 
mines  the  residues  of  its  roasted  sulphides,  which  contain  about  2.5 
per  cent,  of  copper,  45  per  cent,  of  iron  and  5  per  cent,  of  sulphur;  their 
cost  is  about  12s.  per  ton  delivered  at  the  mine.  The  limestone  costs 
5s.,  coke  20s.,  and  charcoal  28s.  per  ton. 

The  No.  3  furnace  has  12  tuyeres,  and  is  64  in.  in  diameter.  Its 
capacity  is  55  tons  of  smelting  mixture.  The  pressure  of  the  blast  is 
28  mm. 

The  charge  for  the  No.  3  furnace  consists  of: 

Kilograms. 

CJopper  ore,  third  grade,  15  per  cent,  of  copper 70 

Copper  ore,  fourth  grade,  7  per  cent,  of  copper 120 

Dressed   copper  ore 150 

pasted  fine  ore,  in  briquettes 100 

Gk)ld  and  silver  ores 20 

Mabuki-Boko  slag 150 

Limestone 100 

Roasted  pyrites  from  acid  works 290 

Roasted  matte 100 

Ck)ke , 100 

Total 1,200 

The  smelting  of  lead  ores  is  carried  out  in  a  separate  cupola  in  ad- 
mixture with  auriferous  and  argentiferous  ores,  so  as  to  produce  a  rich 
lead  bullion,  matte  and  slags.  The  lead-carrying  matte,  is  roasted  in 
separate  stalls  and  resmelted  with  the  lead  products  from  the  cupella- 
tion  furnace.  The  furnace  is  generally  operated  one  week  in  the  month. 
The  lead  bullion  produced  in  the  cupola  furnace  is  sent  to  the  cupella- 
tion  furnace  to  produce  dor6  silver,  which  is  sent  to  the  Osaka  refinery. 
The  matte  from  the  second  smelting  is  sent  to  the  Mabuki-Doko. 

The  Mabuki-Doko 

The  Mabuki'Doko  method  is  equivalent  to  Bessemerizing  in  a  Japanese 
forehearth.    The  forehearths  are  shown  in  plan  and  section  in  Fig.  2. 

In  the  construction  of  the  Mabukis  an  excavation  in  the  ground  about 
9  ft.  square  is  made,  and  lined  generally  with  square  blocks  of  a  fire  resist- 
ing volcanic  stone,  care  being  taken  to  have  a  drain  in  the  bottom.  The 
cavity  is  then  filled  with  a  mixture  of  30  parts  of  powdered  coke,  6  parts  of 
fire  clay,  64  parts  of  burnt  clay,  and  in  a  moist  state  is  well  tamped  in. 
When  dry,  crucibles  are  built  up  of  clay  and  charcoal  forming  a  series  of 
holes  1  ft.  6  in.  in  depth,  with  a  diameter  at  bottom  of  2  ft.  6  in.,  and 
a  diameter  at  top  of  2  ft.  11  in.  The  cover  is  also  built  up  of  clay  on  a 
strong  wire  netting.  It  requires  considerable  experience  to  build  up  one 
of  these  Mabukis,  simple  as  the  operation  may  appear. 
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After  drying,  hot  slag  is  poured  in  and  the  crust  removed  after  cooling. 
A  2-in.  iron  pipe  is  built  in  vertically  for  escape  of  moisture.  In  front  of  the 
dome-shaped  cover  is  a  5-in.  opening  to  feed  matte  and  fuel.  The  air 
blast  is  introduced  on  one  side  only  on  top  of  the  charge  and  the  tuyfere 
is  bent  downward.    The  matte  is  poured  in  in  a  molten  state  and  char- 


SECTION  ON  A-B 


TlltTfcin  for     iT*  ■'.■^^^~^^-^-^^-     1         ^      j 


PLAN 


Fio.  2. — Sketch  of  Mabuki-Doko  or  Japanese  Forehearth. 


coal  is  placed  on  top;  at  some  mines  coke  is  employed  for  this  purpose. 
The  slag  is  skimmed  every  15  minutes.  The  idea  of  introducing  the 
molten  matte  into  the  Mabuki  originated  here,  as  formerly  it  was  the  prac- 
tic  all  over  Japan  to  introduce  it  in  lumps  and  fuse  it  first. 

There  are  six  Mabukis  here  and  the  claim  is  that  the  loss  of  copper 
in  this  operation  is  small.  The  evaporation  of  the  zinc  oxide  causes  silver 
losses  and  the  claim  is  that  it  is  recovered  in  the  flues.     The  copper  and 
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silver  diminish  in  the  flue  dust,  tlic  further  the  same  is  collected  from  the 
smelting  and  refining  department. 

The  cost  of  treatment  in  the  Mabuki  is  given  at  2.5  yen,  or  5s.  per 
ton  of  matte.  There  are  smelted  3  tons  of  matte  daily  in  each  hearth,  and 
generally  three  of  them  are  in  operation  dealing  with  9  tons.  I  am  told 
that  6  per  cent,  of  this  weight  is  consumed  in  charcoal,  or  only  a  little 
over  half  a  ton  daily,  which  seems  rather  low.  As  the  matte  contains 
23  per  cent,  of  iron  and  each  forehearth  treats  6,000  lb.  daily,  this 
would  give  1,380  lb.  of  iron  which  had  partly  to  be  oxidized  and  partly 
slagged  off  by  the  silica  contained  in  the  clay  lining.  Although  the  slags 
produced  are  very  basic,  I  am  mystified  at  the  successful  operation  of  this 
strictly  Japanese  method,  as' the  crucibles  are  not  eaten  away  as  fast  as 
it  would  seem  they  should. 

The  cupels  of  the  cupellation  furnaces  are  made  of  cement.  Some  iron 
is  introduced  during  cupellation  to  absorb  sulphur  from  the  press  cakes. 
The  slagged  material  is  drawn  out  through  the  working  doors.  The  daily 
capacity  of  the  cupellation  furnace  is  1.5  tons;  one  hearth  will  treat  5 
tons  before  requiring  renewing. 

The  flue  dust  is  collected  in  a  flue  1;560  ft.  in  length,  built  on  the  slope 
of  the  mountain.  At  the  point  where  the  flue  connects  with  the  chimney, 
the  vertical  distance  is  600  ft.  above  the  smelting  floor  level.  The  dimen- 
sions of  the  flue  are  4  ft.  wide  by  5  ft.  high.  The  chinmey  is  30  ft.  high. 
In  the  upper  portion,  the  flue  is  cleaned  twice  a  year.  The  lower  portion, 
between  the  Mabuki-dokos  and  the  briquette  drying  chambers,  is  cleaned 
once  a  month.  The  quantity  of  dust  collected  in  the  flue  is  0.6  per  cent, 
of  the  quantity  of  ore  treated.  Near  the  smelting  works  are  dust  cham- 
bers which  are  cleaned  every  two  weeks,  5  per  cent,  of  the  quantity  of 
ore  treated  being  collected  in  this  section.  The  flue  dust  from  the  Mabuki 
furnaces  contains  4  dwt.  of  gold,  40  oz.  of  silver  and  24  per  cent,  of  copper; 
the  dust  from  the  chambers  near  the  ore  smelting  furnaces  contains  1  dwt-. 
8  grains  of  gold,  5  oz.  of  silver  and  1.5  per  cent,  of  copper.  Experiments 
to  ascertain  these  values  and  quantities  were  carried  out  during  two 
months.  The  flue  connecting  the  Mabuki-dokos  with  the  main  flue  is 
200  ft.  in  length. 

The  production  for  1905  was  850  tons  of  copper,  7,300  oz.  of  gold,  and 
200  oz.  of  silver. 

The  machinery  in  the  smelting  works  includes  two  Baker  blowers 
operated  by  a  4-ft.  Pelton  wheel  at  a  water  head  of  100  ft.  and  one  Root 
blower. 

A  12-in.  pipe  conveys  the  air  to  a  reservoir  of  boiler  iron,  and  from  it  a 
14-in.  main  takes  it  to  the  furnaces  to  be  distributed  by  10-in.  pipes.  The 
angles  of  these  pipes  are  of  cast  iron.  There  are  three  Chilean  mills  for 
grinding  the  ash  which  is  used  in  the  Mabukis. 
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Analysis  of  Ores  Treated  at  the  Tkuno  Works 


A         A       \   On, 
.  Au,      Ag, 

Oi.  I    0%         ^" 


Pb.        Zn.    i    Fe. 
Per    ,    Per    ■    Per 
,  Cent.    Cent.    Cent.  '  Cent. 


S,     ,  CaO,     SiOt, 

Per    •    Per    ,    Per 

Cent.    Cent.    Cent. 


Gold  and  silrer  ores  from  Taaei  mine  8.8 
Gold  and  silver  ores  from  Kaaei  mine  0.7 

Copper  ore,  3d  grade 

Copper  ore,  4th  grade 

Concentrates  from  oopper  ore 

Raw  briquettes 0.26 

Roasted  briquettes 0.3 

Slag  from  ore  smelting 

First  matte  from  ore  smelting 1.7 

Residues  from  sulphuric  acid  works  i . . . 
Limestone 


22.4 
88.0 
23.0 
10.0 
11.667 
14.0 
16.0 
0.7 
78.0 


045 
870| 
400 

ooo| 

900, 
400 
680, 

412 

200    5.50 


0.01 
0.67 
1.57 
1.01 
2.11 
2.70 
2.81 


Trace 

I  6.21  ' 
11.50  I 
14.70  ! 


4.066    4 

6.730    3 

16.64025 

7.620.11 

13.500  15 

13.927,15.680.16 

10.309  17.020,  8 

5.770  22.830  .. 

4.200  22.600  26 

57.420    5 


.739 
440 
400 
700; 

loo; 

900 
200 


400; 
300 


I-  •■: 

Mabuki  slag lo.  15;  10. 0 


600 

700    2.40  I  2.60  ,42.10      6.740! 


1.730,  85.70 
4.140  76.85 
2.910  30.46 
3.890;  67.56 
I.IOO;  49.23 
5.3971  40.36 
6.111!  42.84 
7.600|  42.20 

;     7.60 

50.900      2.65 
'  22.40 


III.  Smelting  at  the  Ashio  Works  of  the  Furikawa  Mining  Co. 

The  mines  occur  in  eruptive  rocks,  such  as  andesite  and  trachyte, 
which  have  here  found  a  vent  through  the  Archean  and  Paleozoic  rocks, 
the  greater  portion  granite,  which  surround  on  all  sides  the  cupriferous 
zone  embracing  the  complete  system  of  the  Ashio  copper  veins. 

The  firstrclass  ores  as  they  come  from  the  mine  contain  13  per  cent, 
of  copper,  and  they  are  enriched  by  hand  picking  to  14  per  cent.  The 
second-class  ores  contain  on  an  average  1.5  per  cent,  and  are  enriched 
by  concentration  to  10  per  cent. 

There  are  produced  daily  on  an  average  130  tons  of  first-class  ore, 
which  is  sorted  down  to  111  tons;  the  450  tons  of  low-grade  ore  produce 
34  tons  of  concentrates  assaying  10  per  cent,  of  copper.  The  total  sent 
dmly  to  the  smelter  is  therefore  145  tons.  Hence  it  takes  13.24  tons  of 
low-grade  ore  to  make  1  ton  of  concentrates  and  the  following  cal- 
culation shows  that  the  loss  in  concentration  is  50  per  cent. : 

Metallic  Copper, 

Tons 

450  tons  of  ore,  1.5  per  cent,  copper,  contain 6.75 

34  tons  of  concentrates,  10  per  cent,  copper,  contain  .     3.40 


Loss  in  concentration 3 .35 


The  ore  going  to  the  smelter  averages  13  per  cent,  of  copper  and  there- 
fore the  daily  production  should  be  18.85  tons  copper,  minus  the  loss  in 
treatment. 

The  proportion  of  mine  ore  treated  daily  is: 
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Tons 

Lump  ore,  15.7  per  cent.  Cu 61.0 

Grain  ore,  13.3  per  cent.  Cu 21 .0 

Fine  ore,  11.3  per  cent.  Cu 61.0 

Pulp  ore,  6.0  per  cent.  Cu 2.6 

Cement  copper,  60.0  per  cent.  Cu 1.0 

Total 146.6 

Pulp  ore  is  obtained  from  settling  ponds  connected  with  the  con- 
centration plants,  where  the  richer  portions  of  the  slimes  are  collected. 

Six  Blast  Furnaces  in  Operation 
There  are  six  smelting  furnaces  with  dimensions  as  follows: 

No.  1.  17  ft.  long  by  40  in.  wide,  with  24  6-in.  tuydres. 

No.  2.    8  ft.  long  by  36  in.  wide,  with  14  4-in.  tuy feres. 

No.  3.     8  ft.  long  by  36  in.  wide,  with  14  4-in.  tuyferes. 

No.  4.    8  ft.  long  by  36  in.  wide,  with  12  3.5-in.  tuydres. 

No.  5.  67  in.  long  by  36  in.  wide. 

No.  6.  67  in.  long  by  36  in.  wide. 

The  wind  pressure  at  the  furnaces  is  35  mm.  The  feed  floors  are 
8  ft.  above  the  tuyere  levels.  The  main  air  pipe  is  36  in.  in  diameter. 
Five  Root  blowers  are  driven  by  a  Pelton  wheel,  with  a  water  pre^ure 
of  63  lb.  per  square  inch;  they  work  at  a  wind  pressure  of  about  40  mm. 
In  winter  the  blowers  are  driven  electrically.  It  takes  110  h.p.  to  run 
the  five  blowers.  A  vertical  air  compressor  is  also  operated  by  a  Pelton 
wheel  and  requires  134  h.p.  to  furnish  air  up  to  the  required  pressure. 
The  compressed  air  is  required  for  Bessemerizing.  There  is  a  separate 
Root  blower  for  No.  2  furnace. 

The  fine  concentrates  are  made  into  briquettes.  These  briquettes, 
while  damp,  are  covered  with  matte  by  a  patented  machine  invented 
by  Mr.  Kondo.  On  an  endless  chain  working  horizontally  is  a  series  of 
small  cast-iron  pots.  Into  these  the  briquettes  are  placed  and  passed 
under  a  stream  of  matte.  The  iron  cups  are  washed  with  lime  water  to 
prevent  adhesion  of  the  molten  material. 

The  furnaces  discharge  into  a  square  f orehearth  of  wrought  iron  lined 
with  blocks  of  liparite.  The  forehearth  is  divided  in  two  unequal  com- 
partments by  a  water- jacketed  partition,  which  does  not  reach  to  the 
bottom.  The  matte  passes  under  this  partition  into  the  smaller  com- 
partment and  runs  into  molds  fitted  on  a  small  platform  car,  each  car 
holding  four  molds.  The  lining  of  the  forehearth  lasts  two  months 
and  the  furnace  crucible  three  months. 

►    The  charge  for  No.  4  furnace  is  1,000  lb.  of  ore  to  which  are  added: 
Limestone,  230  lb.,  or  23  per  cent.;  converter  slag,  200  lb.,  or  20  per  cent.; 
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raw  matte,  100  lb.,  or  10  per  cent.;  and  coke,  130  lb.,  or  13  per  cent.  This 
furnace  is  used  for  pyritic  smelting.  About  50  charges  are  treated  in 
24  hr.  the  capacity  being  25  tons  of  raw  ore  or  45  tons  including 
fluxes  and  coke.  The  coke  consumption  is  7  per  cent.  The  matte  con- 
tains 34  per  cent,  of  copper  and  the  yield  or  extraction  is  about  98  per 
cent,  of  the  copper  contents  of  the  ore. 

Furnace  No.  2  is  for  roasted  ores.  The  discharge  into  the  forehearth 
is  on  the  long  side  of  the  furnace.  The  air  is  led  into  a  wind  box  made  of 
the  iron  girders  which  support  the  upper  portion  of  the  furnace.  The 
crucible  is  14  in.  deep.  The  slag  from  this  furnace  is  not  granulated, 
but  made  into  plate  slag  to  be  used  as  flux.  The  capacity  in  roasted  ore 
is  about  28  tons.    The  charge  is  as  follows: 

Lb. 

Roasted  ore 900 

Raw  matte  from  No.  4.  furnace 413 

Briquettes  from  roasted  fines 413 

Coke 130 

Total 1,856 

The  capacity  is  50  charges  daily  or  a  total  of  about  45  tons.  The  coke 
consumption  with  roasted  ores  is  13.3  per  cent. 

FumcLce  No  1  is  the  largest  of  the  six.  The  air  pressure  is  30  mm. 
The  air  pipe  around  the  furnace  is  22  in.  in  diameter  and  main  air  conduit 
36  in.  in  diameter.  The  depth  of  the  crucible  in  front  where  the  discharge 
takes  place  into  the  forehearth  is  18  in.  and  at  the  back  12  in.  Smelting 
was  started  with  a  forehearth  on  each  end,  but  the  matte  fall  was  not 
sufiicient  to  keep  up  a  steady  flow  so  the  back  forehearth  was  abandoned. 
The  matte  produced  in  this  furnace  contains  31  per  cent,  of  copper.  It 
is  poured  on  to  the  floor  from  the  pots,  cooled  by  water  and  resmelted. 

The  coke  consumption  in  this  furnace  on  the  total  charge  is  8.2  per 
cent.    The  charge  is  composed  as  follows: 

Lb. 

Raw  ore 6,600 

Limestone 1,552  or  25  per  cent,  based  on  ore 

Converter  slag 1,321  or  20  per  cent,  based  on  ore 

Matte 660  or  10  per  cent,  based  on  ore 

Coke 925^  or    9  per  cent,  based  on  ore 

Total 11,058 

The  capacity  is  23  charges  in  24  hr.,  76  tons  of  ore  or  about  129  tons 
of  mixture,  being  smelted  daily. 

Furnaces  Nos.  5  and  6  have  a  capacity  each  of  about  21  tons,  ore  and 
mixture.  The  spouts  from  the  forehearths  are  made  of  blocks  of  lipa- 
rite,  covered  with  a  hemispherical  dome. 

The  cost  per  ton  of  concentrates  and  ore  is  estimated  at  36.5  yen, 
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and  as  7.63  tons  of  ore  make  one  ton  of  copper,  the  mining  and  concentrat- 
ing charges  per  ton  of  copper  are  278.49  yen.  The  daily  mining  and  con- 
centrating expense  would  be  5,291.31  yen;  and  the  cost  per  ton,  based  on 
the  528  tons  raised,  is  10.02  yen.  The  average  value  of  the  528  tons  of 
ore  hoisted  is  23  yen  per  ton.  The  cost  of  producing  a  long  ton  of  metallic 
copper  is  given  as  90.78  yen;  the  cost  of  mining  and  concentrating  to 
produce  a  ton  of  copper  as  above,  278.49  yen  or  a  total  cost  of  369.27 
yen  per  ton,  or  about  £37,  but  I  think  that  these  figures  do  not  include 
general  and  administrative  charges,  nor  the  electrolytic  refining,  which  is 
being  done  at  Nikko,  about  25  miles  from  the  mine.  The  cost  of  coke 
is  26.70  yen  per  ton. 

Bessemerizing  in  Converters 

The  converters  are  lined  first  with  blocks  of  liparite,  which  are  8  in. 
square,  and  then  decomposed  liparite  is  plastered  over  them.  The 
exterior  diameter  of  the  converters  is  5  ft.  The  bottom  lining  is  12  in. 
thick  and  the  top  lining  7  in.  The  lining  lasts  6  to  7  hr.  and  during  that 
time  10  tons  of  matte  is  blown  and  as  it  contains  38  per  cent,  of  copper, 
this  should  give  3.8  tons  of  copper.  But  there  are  produced  at  each 
blow  only  2.9  tons  of  copper  so  that  the  rest,  0.9  ton,  goes  into  the  slag, 
skimmings,  flue,  etc. 

For  an  output  of  19  tons  daily,  there  must  be  produced  from  the  146 
tons  of  ore  smelted  daily,  about  50  tons  of  matte.  The  matting  furnace 
is  circular.  It  has  ten  3-in.  tuyferes  and  works  at  22  mm.  pressure.  The 
crucible  under  the  water  jackets  is  on  wheels  and  is  tapped  when  matte  is 
required  for  the  converter.  The  charge  in  the  furnace  is:  Matte,  660  lb; 
converter  lining,  132  lb.  or  20  per  cent.;  coke,  52  lb.  or  8  per  cent. 

The  remelting  cupola  smelts  50  tons  of  matte  daily.  The  ladles  for 
holding  the  copper  are  lined  with  powdered  charcoal  and  clay  (Stdbai). 
Slag  is  poured  into  these  ladles  to  dry  them.  The  ingots  weigh  51  lb. 
A  separate  Root  blower  is  used  for  the  remelting  cupola.  In  the  converter 
the  air  pressure  employed  is  10  lb.  per  square  inch.  There  are  four  con- 
verters in  the  building;  while  two  are  in  use,  two  undergo  repairs.  The 
cost  of  bessemerizing,  including  smelting  the  matte,  is  17  yen,  £1  14s. 
per  ton. 

Cement  Copper. — There  are  10  large  cement  tanks  through  which  the 
mine  waters  pass  under  similar  conditions  as  explained  for  the  Besshi 
mine.    The  cement  copper  is  briquetted. 

The  water  issuing  from. the  water  jackets  is  used  for  granulating  the 
slag.  The  total  quantity  of  water  required  by  the  six  water  jackets  is 
30  cu.  ft.  per  minute.  From  the  hollow  box  girders  around  the  furnaces 
the  iron  bustle  pipes  connect  with  the  tuyeres. 

The  limestone  used  for  fluxing  purposes  is  quarried  about  4  miles 
distant  from  the  mines  and  the  quarried  material  is  sent  down  by  an 
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aerial  ropeway  to  a  dumping  placd,  where  it  is  broken  up  by  hand  labor 
and  then  sent  by  horse  traction  on  a  tramline  to  the  smelter. 

The  dimensions  of  the  main  flue  are  6  ft.  in  width  by  11  ft.  in  height. 
Before  connecting  with  the  chimney  the  smoke  has  to  pass  through  a 
desulphurizing  tower.  The  temperature  of  the  gases  and  fumes  is  200° 
C,  before  entering  this  tower  and  on  leaving  only  87®  C.  This  of  course 
impedes  the  draft  and  a  Guibal  fan  is  placed  before  the  tower  to  overcome 
this  defect.  In  this  tower  a  shower  of  lime  water  absorbs  the  sulphurous 
gases.  The  water  passes  through  a  filter  after  issuing  from  the  tower  so  as 
not  to  vitiate  the  river  water.  About  25  per  cent,  of  the  sulphurous  gases 
are  absorbed. 

The  waste  rock  from  the  concentration  works  and  the  granulated  slag 
are  carried  by  aerial  ropeways  across  the  mountain  range  into  another 
valley  and  there  impounded  by  large  dams,  so  that  the  storm  water  shall 
not  wash  the  fines  on  to  the  rice  fields  below. 

Analyses  of  Ores,  Ashio  Mine 


I 

'  Lump  Ore,  i  Grain  Ore,      Fine  Ore,  Pulp, 

Per  Cent.    !  Per  Cent.        Per  Cent.     Per  Cent. 

I 


Cement 
Copper, 
Per  Cent. 


Copper 18.23  13.20  12.00  5.09  60.00 

Iron 23.00  30.00  23.10  11.40  14.60 

Sulphur 26.70  28.40  25.60  8.90  0.09 

Silica 29.50  21.40  33.60  53.60  12.07 

Aluminum 2.20  5.80  6.50  10.50        

Lime : 2.50  1.30  1.30  1.60        

Arsenic 0.19  0.55  ^         0.25  0.12  0.04 

Zinc 0.33  0.65  '         0.63  1.06  0.06 

1  I 

I  I 

Analyses  of  Mattes,  Ashio  Works 


Matte  from 
Raw  Ore 


Matte  from 
Roasted  Ore 


Copper,  per  cent 35.84  42.78 

Iron,  percent 36.80  31.24 

Sulphur,  per  cent 26.25  24.14 

Arsenic,  per  cent 0.45  0.58 

Gold,  grams 1 .00  1 .00 

Silver,  ounces 30.00  30.00 

Specific  gravity  4.96 
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Analysis  of  Slag]  Ashio  Works 


Per  Cent. 


Per  Cent. 


Copper 
Silica. . 
FeO... 
AUG,.. 
Lime.. 


0.36 
39.80 
35.67 
11.75 
11.57 


Magnesia 

Sulphur 

Zinc 

Specific  gravity  3.51 


1.71 
1.30 
1.44 


Lump  Ore 
61  toDB  a  15.7j(  Cu. 


Grain  Ore 
81  tons  a  13.^  Cu. 


Pine  Ores 
81  tons  a  11.39(  Cu. 


Pulp  Ore 
2.5  tons  a  ^Co. 


r 


ToTJyrilic  smelting » 
furnaces         p 


81j(  Matte  produoed 


4^  tons  daily 


1  i 

To  Briquettiner  Plant 

Baw  Briquettes 
. I      I 


10  tons  of  84j<  Matte 


15  tons  dally  ip  roastiner  stalls 
Roasted  Briquettes  contain  li  sulphur 

1  i 

No.  2  Blast  furnace 


Blast  f  umaoe     I . 
Remelting  of  Matte  P" 


1     1 


Sla«  0.45^  Cu.  Matte  4Sf  Co. 
I 


Matte  38)(  about  50  tons  daily 
To  Converter  produces 

i  I 

-jPouped  slaAT  4^  Cu.  19  Tons  Copper 


(Skimmed  sTag  9fi  Cu. 
Fig.  3. — Schemb  op  Treatment  at  Abhio  Smelting  Works. 

Analysis  of  Converter  Copper,  Ashio  Works 

Gold,  dwt 0.208 

Silver,  oz 35.000 

Nickel  and  cobalt,  per  cent 0.0249 

Selenium,  per  cent 0. 119 

Tellurium,  per  cent 0.040 

The  percentage  of  copper  is  not  stated. 

Analysis  of  Speiss,  Ashio  Works 

Per  Cent. 

Copper 62.800 

Iron 7.726 

Arsenic 14.187 

Antimony 0.488 

In  the  bottom  of  the  forehearth  speiss  collects  occasionally,  lich  in  gold  and  aOver. 
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Analysis  of  Converter  Slag,  Ashio  Works 

Per  Cent. 

Silica 19.86 

Iron  oxide 60.06 

Copper 4. 13 

Alumina 7.81 

Sulphur 1.26 

Zinc, 0.96 

Magnesia 0.87 

Lime 0.60 

Analysis  of  Converter  Lining,  Decomposed  Ldparite,  Ashio  Works 

Per  Cent. 

SiUca 74.47 

Alumina 14.72 

lime 2.86 

Magnesia 1 .03 

CMiher  alkalies 1.31 

Iron  oxide 1 .06 

IV.  The  Kosaka  Mine  op  the  Ftjjita  Company 

The  deposit  of  ore  at  the  Kosaka  mine  is  evidently  of  volcanic  origin; 
it  occurs  near  the  junction  of  the  tuffa  and  andesite.  In  its  widest  portion 
the  orebody  is  780  ft.  wide  and  is  proved  for  2,000  ft.  in  length.  The 
whole  mass  is  mineralized. 

A  characteristic  feature  of  this  mine  is  that  it  contains  three  classes 
of  ore.  These  form  three  distinct  zones,  and  it  seems  as  if  nature  had 
so  prepared  them,  that  the  metallurgist  by  their  proper  commingling 
should  have  his  furnace  charges  without  having  to  draw  his  fluxing 
materials  from  outside  sources.  All  ores  containing  under  1  per  cent,  of 
copper  are  left  standing  in  the  mine  as  they  are  not  considered  valuable. 

The  black  ore  or  Kuromono  forms  the  eastern  portion  of  the  orebody 
and  is  the  richest  section  of  the  mine.  The  silver  and  gold  content 
increases  with  the  rise  in  the  percentage  of  copper  in  the  ore.  The  vein 
material  of  this  ore  is  chiefly  heavy  spar  with  small  proportions  of  gypsum 
and  quartz.  The  ore  averages  2.5  per  cent,  of  copper.  The  yellow  or 
pyritic  ore  forms  a  band  around  the  black  ore  on  the  western  side  and 
averages  2  per  cent,  when  extracted  for  smelting.  The  largest  part  of 
the  deposit  on  the  western  side  is  siliceous  ore  and  averages  when  extracted 
1.8  per  cent,  of  copper.  There  is  no  zinc  in  this  part,  nor  in  the  yellow 
ore,  but  the  black  ore  contains  over  13  per  cent,  of  this  metal. 

In  ancient  times  the  Kosaka  was  worked  as  a  silver  mine  and  the  fol- 
lowing method  of  treatment  was  carried  out  there  prior  to  1868.  The 
ore  was  broken  into  1-in.  cubes,  and  roasted  with  charcoal  on  a  hearth 
about  2  ft.  in  diameter  and  1.5  ft.  deep.  The  latter  was  dug  in  the  ground 
and  lined  with  a  mixture  of  slag  and  powdered  charcoal.     While  roastine, 

Digitized  by  VjOOQ  IC 


2680  COPPER   SMELTING  IN   JAPAN 

a  light  blast  from  a  Japanese  bellows  was  turned  on,  which  was  increased 
as  the  roasting  advanced.  Argentiferous  lead  collected  in  the  bottom  of 
the  well  and  was  ladled  out.  The  small  ingots  thus  produced  were 
smelted  on  a  shallow  hearth  made  of  wood  ashes^  a  light  blast  turned  on 
to  oxidize  the  lead,  which  was  removed  as  litharge;  a  silver  slab  remained 
behind.  The  matte  and  slag  produced  in  the  first  operation,  on  account 
of  the  large  percentage  of  zinc  they  contained,  could  not  be  utilized. 
In  1870  Mr.  Oshima  introduced  the  following  method: 

1.  The  black  ore  was  broken  into  1-in.  pieces  and  heap  roasted. 

2.  The  roasted  ore  and  some  earthy  ore  were  mixed  in  certain  pro- 
portions and  smelted  with  charcoal,  sand  and  slag  in  a  blast  furnace. 
The  molten  matte  was  ladled  into  a  kettle  and  mixed  with  molten  lead 
which  had  been  smelted  in  another  hearth.  The  mixture  was  well  stirred 
and  as  the  matte  solidified  the  round  disks  were  taken  oflF.  The  argen- 
tiferous lead  in  the  bottom  was  ladled  out  into  molds. 

3.  The  matte  desilverized  as  above  was  broken  into  2-in.  pieces  and 
roasted  in  heaps. 

4.  The  roasted  matte  was  smelted  in  another  hearth  furnace  together 
with  suitable  proportions  of  litharge  and  slag  and  argentiferous  lead  regu- 
lus  and  a  matte  rich  in  copper  obtained.  This  matte  was  roasted  and 
smelted  for  crude  copper,  the  resulting  matte  being  again  worked  in  the 
same  manner. 

5.  The  argentiferous  lead  regulus  was  treated  by  the  English  cupella- 
tion  process. 

Present-Day  Metallurgical  Treatment 

There  are  smelted  1,200  to  1,300  tons  of  ore  daily,  or  about  450,000 
tons  a  year.  There  are  produced  7,200  tons  of  copper  per  year  showing 
an  extraction  of  1.66  per  cent,  of  copper  per  ton  of  ore,  therefore  it  takes 
61.66  tons  of  ore  to  make  a  ton  of  copper.  The  smelting  and  refining 
charge  is  given  as  4s.  per  ton  of  ore,  or  £12  Os.  8d.  per  ton  of  copper;  the 
cost  of  mining  at  3.2s.  per  ton  of  ore,  or  £9  Is.  8d.  per  ton  of  copper, 
making  the  total  cost  £21  2s.  4d.  per  ton  of  copper. 

The  smelting  and  mining  charges  seem  small,  especially  since  lam 
told  that  12,000  people  besides  400  officials  are  employed  on  the  property. 
It  is  nevertheless  quite  possible  that  copper  is  being  made  here  at  about 
£35  per  ton.  The  smelting  cost  for  the  first  matte  is  given  to  me  at  Is. 
9d.  per  ton.  The  extraction  on  2  per  cent,  ore  is  83  per  cent.  There  are 
seven  smelting  furnaces  in  this  establishment. 


1.  Furnace,  60  ft.  long  by  3  ft.  7  in.  wide,  smelts  375  tons  of  ore  daily. 

2.  Furnace,  19  ft.  long  by  4  ft.  wide, 

3.  Furnace,  25  ft.  long  by  4  ft.  wide, 

4.  Furnace,  25  ft.  long  by  4  ft.  wide, 
6.  Furnace,  25  ft.  long  by  4  ft.          wide, 

6.  Furnace,  25  ft.  long  by  3  ft.  4  in"  wide,  J  C^  r\{ 

7.  Furnace,  25  ft.  long  by  3  ft.  4  in.  wide,  smelts  ifo^lon^  of  matte  daily. 


smelt  875  tons  of  ore  daOy,  or 
175  tons  per  furnace. 
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The  blast  pressure  employed  in  the  furnaces  is  36  to  40  mm.  The 
25-ft.  furnaces  are  8  ft.  high  to  flue  bottom  and  11  ft.  6  in.  to  charging 
floor.  The  60-ft.  furnace  is  11  ft.  high  to  flue  bottom  and  19  ft.  6  in. 
high  to  charging  floor.  There  are  eight  Root  blowers,  operated  by  elec- 
tricity, and  requiring  400  h.p. 

The  furnaces  discharge  into  semicircular  forehearths  of  cast  iron  with  a 
matte  collecting  trap,  from  which  the  matte  discharges  upon  revolving 
tables.  The  25-ft.  furnaces  have  15  6-in.  tuyftres  on  each  side  and  two 
tuyeres  at  the  back.  The  wind  pressure  used  is  35  mm.  A  series  of  dust 
chambers  connects  with  the  smoke  stack,  which  is  200  ft.  high  and  16  ft. 
internal  diameter.  The  diameter  of  the  flues  leading  to  dust  chambers 
is  8  ft.  The  main  air  pipe  is  6  ft.  in  diameter,  and  the  branch  pipes  lead- 
ing to  these  furnaces  are  3  ft.  6  in.  in  diameter. 

Bituminous  coal  to  the  extent  of  2  per  cent,  is  introduced  through 
the  tuy&res.  The  60-ft.  furnace  has  80  6-in.  tuy&res  arranged  in  three 
tiers,  so  as  to  conform  with  the  inside  sloping  bottom  of  the  furnace. 

Each  of  the  25-ft.  furnaces  requires  3,500  gal.  of  water  per  hour  for 
cooling  the  jackets.  The  60-ft.  furnace  is  provided  with  a  hydraulic 
ore-feeding  device. 

The  mine  ore  after  passing  through  grizzles  is  classified  into  lump  ore 
and  fines;  the  latter  are  hand  sifted  through  0.5-in.  screens,  the  undersize 
being  briquetted  by  means  of  wooden  stamps.  The  daily  production 
of  briquettes  is  150  tons.  These  are  not  furnace  dried,  but  go  direct  to 
the  smelter. 

The  mine  ore  is  sent  to  the  furnaces  in  the  following  proportions: 
Black  ore,  5  tons;  siliceous  ore,  3  tons;  yellow  ore,  2  tons;  total,  10  tons. 

The  siliceous  ore  is  poor  in  gold  and  silver  and  contains  10  per  cent. 
of  sulphur.  The  average  contents  of  the  three  ores  are  24  per  cent,  of 
sulphur  and  5  and  6  per  cent,  of  zinc.  As  a  metallurgical  undertaking, 
I  consider  that  the  Kosaka  mine  is  a  difficult  problem  when  the  large 
percentage  of  baryta  is  considered.  To  the  ability  of  Mr.  Takeda  and 
his  able  assistant,  Mr.  Takanuchi,  is  due  the  success  of  pyritic  smelting 
introduced  here  by  them. 

The  ore  beds  for  the  ore-smelting  furnaces  are  composed  as 
follows: 

Poundd 

Black  ore 4,300 

Pyritic  ore 1,000 

SUiceous  ore 2,700 

Briquettes  raw 2,700 

Slags  from  second  matte  smelting 2,000 

Total 12,700 

The  matte  fall  on  an  average  is  9  per  cent,  of  the  quantify  of  ore 
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smelted  or  112.5  tons  per  day,  containing  about  30  per  cent,  of  copper. 
The  first  matte  is  reconcentrated  in  a  special  furnace,  and  the  second  matte 
contains  45  to  50  per  cent,  of  copper. 

The  slags  produced  average  0.33  per  cent,  of  copper.  No  coke  or 
fuel  is  introduced  into  the  furnaces  at  the  feeding  floor.  The  slags  from 
the  ore-smelting  furnaces  are  granulated. 

No.  7  furnace,  which  is  used  for  matte  concentration,  is  situated  in  a 
separate  building.  In  the  matte  smelting  40  per  cent,  of  siliceous  mine 
ores  and  1.5  per  cent,  of  coke  are  added  and  2.5  per  cent,  of  bituminous 
coal  is  introduced  through  the  tuyeres.  The  slags  produced  here  go 
back  to  the  ore-smelting  furnaces.  The  concentrated  matte  averages 
50  per  cent,  of  copper. 

The  second  matte  is  crushed  in  rock  breakers  and  then  goes  to  Krom 
rolls  which  have  a  daily  capacity  of  30  tons.  The  pulverized  material 
is  roasted  in  HerreshofE  furnaces  down  to  about  4  per  cent,  of  sulphur. 
There  are  10  of  these  furnaces  erected  but  only  six  are  in  operation. 
Each  furnace  has  a  daily  capacity  of  5  tons,  so  that  they  handle  the 
30  tons  of  second  matte  produced  every  day.  Cord  wood  is  used  as  fuel 
and  10  per  cent,  of  the  weight  of  ore  roasted  is  used.  The  roasted  ore  is 
smelted  in  reverberatories  to  bottoms  and  white  metal. 

Smelting  for  While  Metal. — For  this  purpose  two  reverberatoiy 
furnaces  are  employed.  One  25  ft.  long  and  16  ft.  wide,  outside  dimen- 
sions, the  bridge  plate  of  which  is  water  jacketed;  the  other  20  ft.  long  and 
12  ft.  wide.  The  product  here  is  white  metal  with  70  per  cent,  of  copper 
and  copper  bottoms.  It  takes  4  hr.  to  melt  a  chaise.  The  slag 
produced  contains  4.87  per  cent,  of  zinc. 

Blister  Copper. — From  the  two  reverberatory  furnaces  the  cold  matte 
goes  to  the  blister  furnaces,  of  which  there  are  two,  and  the  blister  copper 
produced  goes  to  two  refining  furnaces.  The  copper  from  these  is  cast 
into  anode  plates  which  weigh  200  lb.  The  copper  bottoms  from  No.  2 
furnace  are  cast.  In  the  same  building  are  two  furnaces  for  drying  the 
mud  or  slime  from  the  electrolytic  work. 

All  the  slags  and  skimmings  produced  in  the  reverberatories,  liquation, 
blister  furnaces,  etc.,  go  to  the  slag-smelting  furnace. 

Slag-smelting  Furnace. — In  the  same  building  with  the  matte  con- 
centration furnace  is  a  furnace  for  melting  the  slags  produced  in  the  re- 
verberatory furnaces.  This  blast  furnace  is  10  ft.  high  and  3  ft.  4  in. 
wide,  having  a  capacity  of  65  tons. 

In  the  slag-smelting  furnace  the  charges  are  composed  of:  Slag,  100 
lb.;  scrap  iron,  16  lb.;  siliceous  ores,  containing  gold,  from  Matsuoka 
mine,  13  lb.;  coke,  15  to  20  per  cent. 

In  this  operation  metallic  lead  collects  in  the  bottom  with  a  lead  and 
copper  matte  on  top;  this  separation  is  eflfected  in  a  forehearth.  The 
matte  which  is  produced  contains  10  per  cent,  of  lead  and  copper.     There 
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are  produced  42  tons  of  lead  monthly.  The  lead  bars  are  liquated  in  five 
Japanese  furnaces.  The  liquated  lead  after  being  enriched  by  the  Parkes 
process  is  smelted  in  small  reverberatories  with  the  slimes  produced  in  the 
electrolytic  refinery.  The  bullion  then  goes  to  two  English  cupellation 
furnaces.  Before  the  lead  is  cupelled,  it  is  enriched  by  the  Parkes  process, 
two  kettles  being  used  for  this  purpose.  The  zinc  employed  is  distilled 
in  a  special  furnace  with  a  retort  attachment.  The  rich  lead  only  is 
cupelled;  the  poor  lead  is  sold.  The  lead-copper  matte  goes  back  to  the 
matting  furnace. 

The  electrolytic  refinery  is  equipped  with  four  continuous  current 
generators,  manufactured  by  the  General  Electric  Co.,  of  220  h.p.  each, 
operating  at  75  volts  and  2,000  amperes  with  a  speed  of  360;  each  machine 
is  provided  with  an  exciter.  In  the  refinery  are  500  tanks  arranged  in 
10  rows  of  50  tanks  each.  Each  tank  holds  20  anode  plates,  each  of 
which  weighs  200  lb.,  as  stated. 

It  takes  30  days  for  the  anode  plates  to  dissolve  and  the  daily  produc- 
tion is  20  tons  of  cathode  plates  or  600  tons  monthly.  These  plates  weigh 
20  lb.  each.  There  is  a  special  department  for  the  purification  of  the 
electrolyte. 

The  Value  of  Ores  and  Production 

£  s.  d. 

Average  assay  value,  copper,  37  lb.  at  £60  per  ton.    0  22  0 

Average  assay  value,  silver 0  6  0 

Average  assay  value,  gold 0.  1  6 

Total  assay  value  of  ore 1         9  6 

The  monthly  production  as  given  to  me  amounts  to: 

600  tons  of  copper  at  £60  per  ton £36,000 

93,750  oa.  of  silver  at  2s.  per  ounce £  9,375 

750  oz.  of  gold 3,000 

Total £48,375 

For  the  37,000  tons  smelted  this  would  show  a  return  of  £1  6s.  per  ton, 
or  a  difference  of  3s.  6d.  per  ton  on  the  ore  valuation.  These  figures  also 
show  that  each  ton  of  copper  contains  £20  worth  of  gold  and  silver  and 
that  the  precious  metals  play  a  very  important  r61e  in  the  profit  earning 
capacity  of  this  mine.  The  total  costs  per  ton  of  ore  treated  are  lis.  4d. 
and  the  profit  14s.  8d.  per  ton,  so  far  as  I  know  the  best  on  record  in 
copper  smelting.  This  does  not  include  depreciation  nor  the  cost  of 
marketing  the  copper. 

All  machinery  is  driven  by  motors  and  in  the  various  smelting  depart- 
ments 1,550  h.p.  are  employed.     In  the  mine  and  in  the  othei;  depart- 
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ments  1,450  h.p.  are  utilized.    The  generating  station,  which  is  6  miles 
from  the  mine,  develops  over  3,000  h.p. 

Analyses  of  Ores,  Maiie,  SlagSj  Copper  and  ByproductSj  Kosaka  Mine 
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The  first  matte  from  ore  smelting  contains  16.48  per  cent,  of  barium  oxide  and 
the  slag  from  matte  smelting  6.8  per  cent. 

The  specific  gravity  of  black  ore  is  4.132;  siliceous  ore,  3.289;  first  matte,  4.762; 
first  slags,  3.676. 


V.  Smelting  at  the  Kano  Works 


The  ore  deposit  at  the  Kano  mine  occurs  in  liparite  and  as  far  as 
present  developments  permit  to  judge,  the  ore  formation  took  place  near 
the  line  of  contact  with  the  schist  rocks,  which  seem  to  form  the  hanging 
wall  of  the  deposit.  Therefore  it  is  possible  that  future  explorations 
may  prove  it  to  be  a  contact  deposit.  It  is  evident  that  the  mineraliza- 
tion  of  the  liparite  took  place  by  replacement  or  metasomaticism  and  that 
the  orebody  was  not  formed  by  the  gradual  filling  in  with  mineral  matter 
of  a  large  cave  or  crevice.  Subsequent  earth  movements  exerted  a  crush- 
ing efEect  on  the  mineralized  portion,  which  is  evidenced  by  the  large 
amount  of  brecciated  material  met  with. 

This  mineralization  took  place  along  a  wide  zone,  which,  however, 
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uarrows  down  in  depth;  rcconceiitratioii  acting  from  tiie  surface  down- 
ward has  been  the  cause  of  the  formation  of  large  lenses  of  enriched 
material. 

The  principal  minerals  found  are  iron  pyrites,  copper  sulphides,  blende, 
galena  with  some  silver  ores,  whose  nature  has  not  been  determined  yet, 
and  barite.  The  richest  portion  of  the  mine  is  that  in  which  zinc  pre- 
dominates, forming  lenses  of  black  ore.  In  its  main  mineralogical 
features  this  deposit  bears  a  close  resemblance  to  the  Kosaka  mine,  but 
the  ore  down  to  the  250-ft.  level  is  not  so  rich.  The  open-cast  workings 
show  the  orebody  for  540  ft.  in  length  and  an  average  width  of  300  ft., 
but  numerous  shallow  pits  prove  that  the  orebody  is  over  1,000  ft.  in 
length.  In  the  absence  of  proper  developments,  however,  no  judgment 
can  be  formed  as  to  the  ore  value  in  the  unexplored  portions.  I  consider 
that  all  ores  over  1  per  cent,  in  copper  pay  to  work. 

Owing  to  an  insufficiency  of  iron  in  the  surface  ores,  fluxing  material 
has  to  be  drawn  from  outside  sources,  but  no  doubt  when  the  undecom- 
posed  or  sulphide  zone  is  reached,  this  defect  will  remedy  itself  and  the 
mine  ores  will  become  self  fluxing,  as  is  the  case  with  the  Kosaka  mine. 
Owing  to  the  larger  percentage  of  silica  and  earthy  materials  it  has  been 
possible  to  adopt,  with  the  siliceous  ores  that  predominate  here,  a  system 
of  concentration,  which,  in  spite  of  the  losses  coincident  with  this  process, 
effects  a  great  saving  as  against  the  cost  of  direct  smelting  without  con- 
centration; the  large  quantity  of  iron  required  to  slag  the  silica  would 
more  than  likely  make  direct  smelting  prohibitive. 

The  present  concentration  plant  shows  a  loss  of  37  per  cent.,  whereas 
when  the  new  plant  with  better  appliances  is  in  operation  this  loss  should 
be  reduced  to  30  per  cent. 

In  regard  to  the  smelting  operations,  I  believe  that  the  loss  of  about 
14  per  cent,  in  the  smelting  and  refining  department  can  be  considered 
as  normal,  in  view  of  the  difficult  character  of  ores  dealt  with,  as  they  con- 
tain a  much  larger  quantity  of  zinc  than  the  Kosaka  ores  and  at  the  latter 
mine  after  several  years  of  experience  a  loss  of  15  per  cent,  in  the  smelting 
and  refining  operations  is  acknowledged.  On  an  average  the  ores  going 
to  the  furnaces  at  Kano  contain  12  per  cent,  of  zinc,  whereas  at  Kosaka 
they  contain  7  per  cent. 

Considering  that  in  the  new  plant  104,220  tons  of  ore  will  go  to  the 
smelter  annually  containing  12,506  tons  of  zinc,  besides  the  zinc  contained 
in  the  tailings  from  the  concentration  works,  it  is  a  matter  of  great  regret 
that  no  process  has  been  discovered  by  which  at  least  a  portion  of  this 
valuable  metal  can  be  recovered. 

Ore  Treatment 

For  18  months,  during  the  construction  of  the  new  plant,  there  were 
extracted  daily  from  the  mine  150  tons  of  ore.    To  the  furnaces  are  sent 
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direct  40  tons  of  lump  ore  and  to  the  concentrators,  110  tons.  The  con- 
centrator produces  30  tons  of  heading  and  15  tons  of  middling  making 
45  tons  of  concentrate  sent  to  the  smelter.  The  total  treated  by  the 
smelter  is,  therefore,  85  tons  per  day. 

The  concentrate  is  mixed  in  pug  mills  with  clay  ores  from  the  mine, 
and  by  means  of  wooden  stamps  made  into  briquettes,  as  shown  in  Fig.  4. 

As  roasted  pyrite  from  the  sulphuric  acid  works  is  bought  as  a  fluxing 
material,  the  fines  are  sifted  out  and  added  to  the  briquettes,  together 
with  the  pyritic  fines  from  the  mine.    There  are  24  molding  stamps. 

The  briquettes  are  dried  in  two  furnaces,  each  having  a  capacity  of 
40  tons.  Each  furnace  has  three  shelves.  The  flame  from  the  fireplace 
passes  over  the  first  shelf,  up  a  flue  and  back  over  the  second,  then  through 
a  flue  in  front  and  over  the  third  shelf.  The  fuel  consumption  per  furnace 
is  2  tons  of  a  rather  poor  quality  of  bituminous  coal. 

The  two  furnaces  are  attended  by  14  men  working  in  12-hour  shifts  or 
28  in  all  per  day. 

It  has  been  found  that  it  is  cheaper  to  utilize  scrap  iron  than  the  burnt 
pyrites  from  the  chemical  works. 

The  present  smelting  works  consists  of  two  blast  furnaces  9  ft.  high 
by  3  ft.  4  in.  wide,  with  six  tuyeres  6  in.  in  diameter  on  each  of  the  long 
sides  of  the  furnaces  and  forehearths  in  front  of  each  furnace  on  the  shprt 
side.  From  the  tuyferes  to  the  bottom  of  flues  the  height  is  only  7  ft. 
The  air  main  is  20  in.  in  diameter.  The  blast  is  furnished  by  two  No.  3 
and  one  No.  5  Root  blowers  run  by  a  40-h.p.  dynamo. 

From  the  forehearth  the  slag  flows  into  pots  to  allow  any  matte 
particles  in  suspension  to  settle. 

The  matte  concentration  furnace  is  40  in.  in  diameter  and  has  six 
tuyftres,  6  in.  in  diameter.  The  first  matte  produced  contains  20  per  cent,  of 
copper  and  the  concentrated  matte  43  per  cent.  The  slags  from  ore 
smelting  are  granulated.  The  ore  bed  in  the  first  smelting  is  composed 
as  follows:  Briquettes,  826  lb.;  mine  ore,  495;  slag  from  concentration 
furnace,  330;  Mabuki  slags,  82;  scrap  iron,  216;  total  1,949  lb.] 

Each  furnace  smelts  daily:  Briquettes,  74,800  lb.;  mine  ore,  53,680; 
concentration  furnace  slag,  29,920;  Mabuki  slag,  7,480;  scrap  iron, 
18,726;  total,  184,606  lb. 

The  quantity  of  ore  smelted  in  each  furnace  is  about  50  tons  and  of 
fluxing  material  about  30  tons,  making  a  total  of  80  tons.  The  quantity 
of  iron  contained  in  these  80  tons  is  as  follows:  50  tons  of  ore,  20  per  cent. 
Fe,  10  tons;  17  tons  of  slag,  35  per  cent.  Fe,  6  tons;  scrap  iron,  8.5  tons; 
total,  24.5  tons.  The  ore  and  briquettes  contain  on  an  average  20  per 
cent,  of  iron,  21  per  cent,  of  silica,  and  12  per  cent,  of  zinc.  Air  pressure 
at  the  furnaces  is  26  mm. 

It  is  well  known  that  blende  is  decomposed  by  iron  oxides  and  silicates, 
the  resulting  zinc  oxide  entering  the  slag;  metallic  iron  liberates  metallic 
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zinc,  but  most  of  the  zinc  sulphide  entering  the  blast  furnace  remains 
undecomposed  and  enters  the  matte  as  well  as  the  slag.  Generally  the 
percentage  of  zinc  found  by  analysis  in  matte  and  slag  will  be  about  equal 

It  will  be  seen  from  the  analyses  that  both  at  Kosaka  and  Kano  this 
rule  holds  good  for  the  first  matte  and  the  first  slag,  but  in  the  concentra- 
tion furnace  a  greater  proportion  was  driven  into  the  slag,  which  is  veiy 
important,  as  blende  makes  matte  less  fusible,  obstructs  proper  settling 
and  also  carries  other  sulphides  into  the  slags. 

If  zinc  oxide  has  to  be  slagged  ofif,  its  reduction  to  metallic  zinc  must  be 
prevented,  consequently  the  temperature  in  the  furnace  must  not  be  too 
high,  and  the  smelting  must  be  done  quickly,  which  no  doubt  accounts  for 
the  low  ore  columns  in  these  blast  furnaces;  and  a  slag  obtained  not  too 
high  in  silica,  but  rich  in  iron.  In  the  presence  of  lime,  it  is  customary 
to  figure  that  one-half  of  the  zinc  oxide  replaces  one-half  of  the  lime. 
The  ore  columns  in  these  furnaces  are  7.5  ft.  in  height. 

It  will  also  be  seen  that  the  slags  contain  about  the  maximum  amount 
of  zinc  they  should  carry,  namely  up  to  8  per  cent.;  if  the  percentage  was 
higher  the  losses  in  metals  would  be  large.  If  zinc  oxide  is  reduced  to 
metal  in  the  lower  part  of  the  furnace  by  carbon,  or  by  metallic  iron,  it 
becomes  volatilized  and  forms  accretions  in  the  upper  part  of  the  furnace. 
For  this  reason  an  excess  of  iron  must  be  avoided  and  the  calculation  of 
furnace  charges  carried  out  to  a  nicety.  The  zinc  vapors  will  carry  along 
lead  and  silver  and  becoming  oxidized  higher  up,  carry  off  metal  as  flue 
dust.  If  zinc  oxide  is  not  reduced  to  metal  on  its  downward  course  in 
the  furnace  and  then  comes  in  contact  with  lead  sulphide  or  sulphate,  it  is 
converted  into  sulphide  in  the  presence  of  carbon.  If  sufficient  iron  is 
present,  the  iron  will  decompose  the  lead  sulphide  and  the  zinc  oxide  will 
remain  unchanged. 

I  am  not  aware  if  similar  ores  to  the  Kano  are  being  at  this  moment 
treated  in  the  United  States,  and  if  not,  these  clever  Japanese  metallur- 
gists have  solved  a  problem  in  pyritic  smelting  which  can  be  placed  to 
their  credit. 

The  matte  fall  in  ore  smelting  is  10  per  cent,  of  the  quantity  of  material 
smelted. 

The  concentration  furnace  charges  consist  of: 

Lb. 

First  matte,  25  per   cent,   zinc 500 

Mabuki  slag 

Siliceous  ores 235 

Middlings  from  concentrator,  15  per  cent,  zinc 85 

With  the  present  plant  the  daily  production  of  second  matte  is  8  tons. 
An  analysis  of  the  products  from  the  concentration  works  gave  the 
following  results: 
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Jig  Concentrate  Wilfiey  Tables 

Silver,  o% 4.00  4.00 

Copper,  per  cent 3 .  22  3 .  59 

Iron,  per  cent 19.65  21.09 

Zinc,  per  cent 22.31  17.17 

The  Mabuki'Dokos 

Four  Mabuki-Doko  hearths  are  used  in  connection  with  the  matte 
concentration  furnace  as  shown  in  Fig.  5.  They  are  3  ft.  in  diameter  by 
1  ft.  7  in.  deep,  each  furnace  holding  2.5  tons  of  matte. 

The  molten  matte  is  poured  into  the  Mabukis  and  wind  pressure 
turned  on  to  roast  the  metal  for  4  hr.  It  takes  30  hr.  to  finish  a  charge 
during  which  time  675  lb.  of  charcoal  are  consumed  or  12  per  cent,  of  the 
weight  of  the  charge.  Each  furnace  produces  30  bars  of  black  copper 
weighing  50  kins  or  66.5  lb.  (1  kin  =    1.33  lb.) 

During  the  first  16  months  of  smelting  operations  there  were  produced 
from  38,266  tons  of  ore:  479  tons  of  copper  having  a  value,  at  £60 
per  ton,  of  £28,753;  3,812  mome  of  gold  (1  mome  =  10s.),  £1,906; 
442,636  mome  of  silver  (Imome  =  15  sen),  £6,639;  total  value,  £37,298 
This  shows  an  extraction  of  1.25  per  cent,  copper  or  12s.5d.;  gold,  Is.; 
silver  3s.  5d.;  total  value  16s.  lOd.  per  ton  of  ore. 

The  assay  value  of  the  ore  as  coming  from  the  mine  is  £l  5s.;  con- 
sequently the  loss  in  concentrating  and  smelting  is  8s.  2d.  per  ton  or  32 
per  cent.  The  gold  and  silver  contained  in  a  ton  of  copper  produced 
formerly  averaged  £14,  but  in  recent  years  the  silver  value  shows  an 
increase. 

The  mine  is  now  being  equipped  with  additional  plant,  so  as  to  pro- 
duce 200  tons  of  copper  monthly.  When  this  new  plant  is  in  operation,  I 
estimate  that  the  cost  of  making  a  ton  of  copper,  including  refining 
electrolytically  and  marketing  will  be  £50. 

The  additional  equipment  in  the  new  concentration  plant  includes: 
six  Huntington  mills,  three  Hancock  jigs,  27  Ovcrstrom  tables,  two 
Pindas  concentratoi  s. 

The  new  smelting  department  comprises  a  smelting  furnace  66  ft.  in 
length,  with  two  forehearths  and  two  matting  tables;  two  Root  blowers 
to  be  run  by  a  150-h.p.  electric  motor;  a  chimney  150ft.  in  height,  with  an 
inside  diameter  of  12  ft.;  a  new  briquetting  plant  of  48  wooden  stamps, 
together  with  four  sets  of  ore-mixing  machines  and  four  drying  furnaces; 
a  Gates  rock  breaker,  having  a  capacity  of  300  tons  in  12  hr.;  and  eight 
additional  Mabuki-Dokos. 

As  the  works  are  located  in  a  highly  cultivated  country,  filter  presses 
were  installed  to  clarify  the  water  from  the  concentration  works  so  as  to 
avoid  pollution  of  the  river.  The  water  is  brought  in  a  flume  to  a  little 
valley  and  enters  the  presses  under  a  pressure  of  32  ft.     In  the  settling 

Digitized  by  VjOOQ  IC 


2690 


COPPER  BMSLTING  IN  JAPAN 


.- 


Digitized  by 


Google 


COPPER  SMELTING  IN  JAPAN 


2691 


ponds  some  powdered  lime  is  added  and  the  water  is  clear  and  drinkable 
on  issuing  from  the  presses.  Each  press  takes  7  cu.  ft.  of  water  per 
minute  and  every  five  days  the  slfmes  have  to  be  washed  from  the 
filtering  cloth. 

Experience  has  shown  here  that  iron  smoke  stacks  can  be  used  for  the 
smelting  furnaces  as  a  crust  forms  which  protects  the  interior,  whereas  in 
the  roasting  furnaces,  iron  chimneys  quickly  corrode. 

The  power  plant,  which  is  being  installed  3  miles  distant  from  the 
mine,  will  furnish  500  h.p. 

The  fuel  required  in  the  metallurgical  operations  is  as  follows:  Drying 
briquettes,  coal,  8.33  per  cent.;  ore  smelting,  coal,  2  per  cent.,  and  coke 
2  per  cent,  of  the  quantity  smelted;  matte  concentration,  coal,  8.8  per 
cent.,  and  coke,  2.8  per  cent,  of  the  quantity  concentrated;  Mabuki-Doko, 
charcoal,  14  per  cent,  and  coke,  2  per  cent,  of  the  quantity  refined. 
When  mining  16,850  tons  of  ore  monthly,  the  cost  of  fuel  per  ton  of  ore 
will  be  (80  sen)  Is.  7d. 


Analyses  of  Ores,  Mattes  and  Slags  at  the  Kano  Mine 


Black  ore. . . . 
Sulphide  ore. 
Siliceous  ore.. 

Briquettes 

First  matte. . 

First  slag 

Second  matte 
Second  slag. . . 


1 

Copper, 

Lead, 

Iron, 

Zine, 

Silica, 

Per 

Per 

Per 

Per 

Per 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

2.37 

• 
3.34    10.5020.94 

27.74 

2.27 

1.07  ;i9. 74  12.82 

19.70 

1.36  1  0.37 

9.97    7.81 

52.30 

2.47  1  1.11 

17.00,13.16 

22.53 

19.95      1.18    37.241  9.82 

1.50 

0.39    32.75   8.32 

36.00 

42.94      1.21    21.36  -6.81 

0.86 

0.54 



34.53 

8.68 

31.30 

Alumina, 

Per 

Cent. 


Barium, 
Sulphate 
Per  Cent 


6.98 
5.78 
7.42 
8.16 


1.56 


6.64 


2.18 
3.98 
1.46 
3.21 


Sulphur, 

Per 

Cent. 


17.40 
22.26 
13.87 
22.50 
26.62 

1.89 
24.18 

1.73 


•  The  ore-smelting  charges  are  made  up  of  53,680  lb.  of  mine  ore  and 
74,800  lb.  of  briquettes  or  a  total  of  128,480  lb.  Taking  the  average 
silica  contents  as  40  per  cent.,  the  charge  contains  51,392  lb.  of  silica. 
The  iron  in  the  concentrates  and  Mabuki  slag  amounts  in  round  numbers 
to  15,000  lb.  and  in  the  ore  and  briquettes  to  18,000  lb.,  a  total  of  33,000 
lb.  This  is  not  sufficient  to  slag  such  a  difficult  ore,  and  scrap  iron  to  the 
amount  of  18,726  lb.  is  added  making  the  total  amount  of  iron  in  the 
charge  51,726  lb. 
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VI.  Smelting  at  the  Tsubaki  Mine 

At  the  Tsubaki  mine  there  is  a  Ia?ge  body  of  silver  ore.  This  silver  ore 
is  smelted  principally  with  copper  ores  purchased  from  outside  mines. 
The  orebody,  which  occurs  in  andesite,  is  divided  by  a  shale  dike  150  ft. 
wide;  the  northern  orebody  is  called  Homa  and  the  southern,  Sozen. 
The  ore  occurs  in  a  crushed  zone  and  looks  like  a  mass  of  breccia  which 
crumbles  to  pieces  very  easily;  the  ore  carries  lead,  silver,  sulphide  and 
metallic  silver. 

The  mine  sends  116  tons  of  ore  daily  to  the  smelter.  The  fine  ore  is 
briquetted  in  a  similar  arrangement  to  the  one  described  at  Kano,  45  tons 
of  briquettes  being  made  daily. 

The  imported  copper  ores  contain  4  per  cent,  of  copper  and  45  per  cent« 
of  sulphur.  In  the  pyritic  smelter  0.8  ton  of  Tsubaki  ore  is  smelted  to  1 
ton  of  this  4  per  cent,  copper  ore. 

There  are  also  brought  here  ores  from  the  Karatoya  mine  of  the  fol- 
lowing composition:  Zinc,  28  per  cent.;  silver,  5.5  oz.;  copper,  5.43  per 
cent.;  iron,  12  per  cent.;  silica,  6.65  per  cent.;  BaO,  9.23  per  cent.;  and 
sulphur  29.31  per  cent.     The  black  zinc  ores  all  carry  barite  in  Japan. 

Three  smelting  furnaces  were  in  operation  at  the  time  of  my  visit  but 
a  new  furnace  60  ft.  in  length  was  in  course  of  construction. 

The  No.  1  furnace  is  30  ft.  in  length  by  40  in.  in  width  and  is  used  for 
reduction  smelting;  it  has  20  tuyeres  on  each  of  the  long  sides.  The 
quantity  of  water  required  for  the  water  jackets  is  25  cu.  ft.  per  minute. 
The  daily  ore  and  material  smelted  amounts  to  173  tons  and  in  the  follow- 
ing proportions: 

Tons  Parts 

Tsubaki  silver  ore 75  100 

Purple  ore  from  acid  works 34  45 

Limestone 23  30 

First  matte  from  same  furnace 23  30 

Sulphide  ore ' 3  4 

Coke 16  20 

Total 173    229 

The  so-called  purple  ore  is  the  residue  from  roasted  pyrite  furnished 
by  the  acid  works. 

The  daily  matte  production  is  40  tons  which  is  re-treated  in  the  same 
furnace  and  in  the  matte  concentration  furnace.  The  matte  produced 
contains  20  per  cent,  of  copper. 

The  No.  2  furnace,  which  is  used  for  pyritic  smelting,  is  9  ft.  long  by  3 
ft.  3  in.  wide.  The  furnace  has  a  forehearth  with  two  matte  siphon  taps. 
The  quantity  of  ore  smelted  here  is  60  tons  daily  and  the  charge  consists 
of: 
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Tons 

Tsubaki  silver  ore 30.0 

Sulphide  ores,  outside  mines 30.0 

Zinc  ores 9.0 

Metallic  iron  (scraps) 7.6 

Slag  from  concentration  furnace 12 .0 

Coke 1.6 

First  matte 10.0 

Total 100 

There  is  introduced  through  the  tuyeres  2.5  per  cent,  of  bituminous 
coal.  The  cost  of  pyritic  smelting  in  this  furnace  is  given  at  5s  6d.  per 
ton.  The  matte,  of  which  10  tons  are  produced,  contains  18  per  cent, 
of  copper.    This  matte  is  sent  to  the  concentration  furnace. 

The  height  of  the  matte  concentration  furnace  from  tuyferes  to  the  flue 
is  8  ft.     The  charge  consists  of: 

Tons 

First  matte  from  reducing  and  pyritic  smelting 20 .0 

Second  matte,  circulating 4.0 

Slags  from  Yamashita  and  Mabuki 6.0 

Tsubaki  silver  ore 11.0 

Limestone 2.0 

Coke 0.6 

This  furnace  produces  10  tons  of  concentrated  matte  containing  about 
39  per  cent,  of  copper;  the  slag  contains  considerable  iron  and  3  per  cent, 
of  copper  and  is  sent  back  to  the  pyritic  smelter.  The  cost  of  smelting 
in  this  furnace  is  given  as  4s.  6d. 

The  blast  is  furnished  by  two  Root  blowers  operated  by  a  Pelton 
wheel.  The  pressure  on  the  Pelton  is  110  ft.;  volume  of  water  15  cu.  ft. 
per  second;  diameter  of  water  pipe  30  in.;  power  developed  140  h.p. 
The  two  blowers  require  85  h.p.,  and  give  a  wind  pressure  of  30  mm. 
The  remaining  55  h.p.  operates  a  dynamo  furnishing  power  for  the  loco- 
motives on  the  electric  railway.  The  main  air  pipe  is  40  in.  in  diameter; 
branch  air  pipe  to  big  furnace  30  in.  The  pyritic  furnace  has  six  tuyferes 
on  each  side,  the  air  pipes  around  the  furnace  being  12  in.  in  diameter. 

First  Matte  Desilverized  in  Lead  Bath 

The  matte  produced  is  drawn  from  the  forehearth,  as  shown  in  Fig.  6, 
into  a  cavity,  lined  with  brasque  and  covered  with  a  dome  of  fire  clay, 
in  the  bottom  of  which  is  0.5  ton  of  molten  lead.  The  lead  bars  which 
are  placed  in  this  cavity  are  produced  from  litharge,  which  results  from 
the  cupellation  process.  After  some  lead  bars  are  introduced  and  melted 
by  the  hot  matte  which  covers  them,  more  bars  are  introduced  until 
the  requisite  quantity  is  completed-     A  log  of  wood  is  then  placed  on 

Digitized  by  VjOOQ  IC 


2694 


COPPER  SMEi;riNa  in  japan 


top  of  the  bath  and  pushed  into  the  bottom  by  means  of  an  iron  bar 
introduced  through  a  hole  in  the  cover  and  kept  in  position  by  a  cross 
piece  held  down  by  two  men.  This  causes  an  active  ebollution  in  the 
bath;  and  a  thorough  stirring  of  the  lead  with  the  matte.  The  bath  is 
then  allowed  to  settle  and  the  matte,  containing  45  per  cent,  of  iron  and 
some  lead,  drawn  off  and  put  back  into  the  furnace.  The  excess  matte 
goes  to  the  other  two  furnaces.  After  drawing  the  matte,  the  lead  bath 
is  skimmed  clean  and  the  metal  ladled  into  molds.    . 

To  keep  the  bath  in  a  fluid  condition  a  few  pieces  of  wood  and  charcoal 


Fig.  6. — Smelting  Fubnace  at  Tbubaki  Works,  Showing  Matte-Desilvbrizing 
Well  with  Dome-shaped  Cover. 

are  kept  burning  on  top  of  it.  There  are  two  cavities,  one  on  each  side 
of  the  forehearth,  which  are  used  alternately  for  treating  the  matte  as 
above  described.  The  lead  bars  produced  here  contain  570  oz.  of  silver 
to  the  ton  and  as  the  lead  is  impure  it  is  first  sent  to  the  liquation  furnace. 
.  The  "smelting  in''  or  desilverization  of  matte  (in  German,  das  Ein- 
trdnken)  in  a  metallic  lead  bath  is  an  old  process  and  has  for  its  object 
the  decomposition  of  the  silver  sulphide  and  the  absorption  of  the  liberat-ed 
silver  by  the  lead.  As  the  Tsubaki  ores  contain  a  certain  proportion  of 
metallic  silver,  it  is  hardly  to  be  supposed  that  any  would  remain  in  that 
state  after  passing  through  the  furnaces.     As  silver  sulphide  is  not  de- 
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composed  completely  by  the  lead  in  one  operation,  the  "  smelting  in"  has  to 
be  repeated,  and  it  is  only  after  several  operations  that  the  complete 
desilverization  of  the  matte  is  accomplished. 

In  some  establishments  the  matte  is  smelted  first  in  a  reverberatory 
furnace  and  lead  added  and  stirred  in.  In  that  case  one  part  of  lead  is 
added  to  three  parts  of  matte.  After  thorough  stirring,  the  matte  is 
allowed  to  settle  and  as  it  cools  it  is  lifted  off  in  disks;  the  lead,  owing  to 
its  greater  specific  gravity,  separates  very  nicely  in  the  bottom  of  the 
hearth.  The  hotter  the  furnace  is  kept  the  more  complete  the  desilveriz- 
ing action.     The  matte  is  then  re-treated  in  the  blast  furnace. 

The  operation  is  made  more  complete  if  in  the  molten  matte  and  lead 
bath  a  log  of  wood  is  introduced  and  by  means  of  iron  bars  is  held  on  the 


Fia.  7. — ^ZiNC  DisTUiLiNa  Furnace  at  Tsubaki  Plant. 


bottom  of  the  hearth  and  kept  there  for  several  minutes,  as  the  gases 
developed  from  the  wood  bring  all  of  the  molten  and  metallic  particles 
into  intimate  contact.  After  the  matte  is  drawn,  the  lead  can  be  ladled 
out  or  it  can  be  tapped.  When  matte  is  treated  in  this  way  in  small 
reverberatories  it  is  necessary  to  deal  with  the  same  matte  at  least  four 
times,  as  just  explained,  to  effect  its  complete  desilverization. 

The  lead  produced  in  the  first  operation  may  be  rich  enough  to  go 
direct  to  the  cupellation  furnace.  After  the  fourth  operation  the  matte 
now  poor  in  silver  goes  to  the  ore-smelting  furnace. 

In  Tsubaki  the  matte  after  treatment  contains  45  per  cent,  of  iron. 
The  lead  ingots  are  taken  now  to  the  liquation  furnace. 
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The  liquation  of  these  ingots  is  effected  on  a  cast-iron  plate  built  in 
.  on  top  of  a  brick  square.  This  plate  is  turned  up  to  form  a  rim  3  in. 
high  and  in  the  front  a  spout  is  provided.  Hot  charcoal  is  used  and  the 
ingots  placed  on  top.  The  iron  plate  has  an  inclination  of  12°  and  the 
molten  lead  passes  out  through  the  spout;  collects  in  a  little  cavity  in  the 
ground  and  is  cast  into  small  square  ingots  which  are  sent  to  the  cupelling 
hearth.  The  dross  which  remains  goes  to  the  open-hearth  furnace  or 
the  Yamashita  Buki. 

In  this  process  the  largest  portion  of  the  silver  and  lead  which  is  in 
alloy  with  the  copper  is  smelted  out,  leaving  a  skeleton  of  copper  behind 
with  some  silver  and  lead,  whereas  a  small  proportion  of  copper  liquates 
with  the  lead.  So  far  as  I  know  this  process,  known  in  Germany  as  the 
Saigerprocess,  is  no  longer  in  use  there. 

The  matte  from  the  concentration  furnaces  goes  to  the  five  Mabukis 
in  a  separate  building.  Each  Mabuki  holds  3  tons  of  concentrated  matte, 
containing  40  per  cent,  or  1.2  tons  of  copper,  per  charge.  Coke  is  used  as 
fuel.  There  is  added  in  the  Mabukis  7  to  8  per  cent,  of  litharge.  The 
black  copper  produced  here  goes  to  special  liquation  furnaces  where  the 
lead  is  separated  out.  It  is  interesting  to  note  that  the  black  copper 
produced  contains  3  per  cent,  of  silver,  two-thirds  of  which  liquates  out 
with  the  lead  while  one-third  remains  in  the  copper.  The  time  of  treating 
one  charge  in  the  Mabukis  is  30  hr. 

The  Japanese  Nanban-Buki,  or  liquation  furnace,  used  for  treating  the 
black  copper  ingots,  is  a  very  small  affair,  being  only  1  ft.  6  in.  deep, 
about  2  ft.  wide  and  1  ft.  6  in.  high.  The  four  furnaces  in  use  are  built 
of  brick  lined  with  tiles  of  fireclay,  and  are  provided  with  iron  smoke- 
stacks which  connect  with  the  main  flue  of  sheet  iron  leading  to  the  dust 
chamber.  Coke  and  charcoal  are  used  as  fuel.  The  blast  at  10  mm. 
pressure  is  introduced  through  the  top.  The  air  upon  striking  the  back 
wall  is  deflected  upward  and  then  takes  a  downward  course  to  the  front 
opening.     Coke  and  charcoal  are  used  as  fuel. 

Each  shift  of  8  hr.  works  up  0.25  ton  of  black  copper  ingots  in  each 
furnace.  When  the  ingots  become  red  hot  and  soften,  the  workman 
presses  them  with  a  piece  of  wood  fastened  to  an  iron  rod.  A  charge 
consists  of  three  ingots  weighting  200  lb.  The  speiss  which  collects 
separately  is  pressed  and  passed  on  to  the  cupellation  furnaces.  The 
Mabuki  black  copper  which  is  treated  in  these  liquation  furnaces  con- 
tains: Lead,  4  to  5  per  cent.;  silver,  3  per  cent.;  copper  89  per  cent. 

The  lead  produced  here  goes  to  the  cupellation  furnaces  and  contains 
10  to  13  per  cent,  of  silver.  The  speiss  contains  35  to  40  per  cent,  of 
silver.  The  black  copper  which  remains  behind  is  cooled  in  the  furnace 
with  a  spray  of  water,  and  is  then  taken  out  and  broken  with  a  sledge 
hammer. 
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Black  Copper  Smelted,  in  Open-Hearth  Furnaces 

The  Yamashitas,  or  open-hearth  furnaces,  like  the  Mabukis,  are  built 
in  the  ground.  The  blast  is  introduced  at  the  back.  Coke  and  charcoal 
are  first  burned  to  heat  the  cavity  and  then  the  copper  is  flowed  into  a 
ladle  suspended  on  a  chain  from  which  it  is  poured  into  molds  on  a  moving 
platform  car  underneath.  This  copper  contains  0.5  per  cent,  of  lead. 
The  copper  from  the  Yamashitas  assays  96.5  per  cent,  of  copper  and  1 
per  cent,  of  silver.  The  iron  ingot  molds  are  heated,  by  burning  charcoal 
in  them  before  the  metal  is  poured. 

The  cupelling  is  done  in  two  furnaces.  Thfe  cupelling  hearths  are 
made  of  cement  and  can  treat  2.8  tons  of  work  lead  in  one  furnace  in  24 
hr.  The  loss  in  cupelling  is  7  per  cent.  The  litharge  as  it  flows  from  the 
cupel  passes  through  incandescent  charcoal  placed  in  a  cylindrical  stove 
and  is  reduced  to  metallic  lead,  which  collects  in  a  cavity  in  the  ground 
and  is  cast  in  molds.  The  pressure  for  the  blast  is  3  to  5  mm.  The  anti- 
mony speiss  from  the  liquation  furnaces  is  added  during  cupelling.  The 
quantity  of  metallic  silver  obtained  here  is  51  kg.,  a,lid  the  monthly 
production  averages  1,600  kg.  The  silver  contained  in  the  black  copper 
amounts  to  480  kg.  making  a  total  of  2,080  kg.,  or  in  round  numbers 
70,000  oz.  of  silver.  If  all  the  silver  came  from  the  3,480  tons  of  Tsubaki 
mine  ore  this  would  be  an  average  of  20  oz.  to  the  ton,  but  there  are  no 
data  available  on  the  subject. 

A  new  plant  is  in  course  of  erection  in  which  the  concentrates  will  be 
briquetted  and  the  tailings  lixiviated  by  some  process  to  be  determined 
after  experiments  are  finished. 

Analyses  of  Ore,  Slag,  Matte  and  Furnace  Products,  Tsubaki  Mine 
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The  Parkes  Process  in  Use 

As  a  certain  portion  of  the  lead  which  is  produced  in  the  matte-desil- 
verizing wells  is  not  rich  enough  in  silver  to  go  direct  to  the  cupellation 
furnaces,  it  is  submitted  to  the  Parkes  process. 
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The  lead  which  has  to  undergo  the  Parkes  treatment  is  melted  in 
cast-iron  kettles  built  in  over  fire  places.  Zinc  is  then  added  in  portion? 
of  1  to  2  per  cent.  With  lead  poor  in  silver  two  additions  of  zinc  only 
are  necessary,  but  with  lead  rich  in  silver  and  also  gold,  three,  four  or  five 
additions  may  become  necessary.  It  is  necessary  to  employ  pure  zinc 
for  this  operation.  When  the  first  portion  of  zinc  is  added  it  absorbs  any 
copper  and  gold  which  is  in  the  lead  bath;  and  there  is  a  great  advantage 
in  this,  as  the  further  additions  of  zinc  when  collected  are  free  of  copper. 
The  zinc  after  it  is  introduced  in  the  lead  bath  is  melted  by  raising  the 
temperature  of  the  lead  bath  to  the  smelting  temperature  of  the  zinc, 
and  the  contents  of  the  kettle  are  stirred.  The  lead  bath  is  then  slowly 
cooled,  and  as  the  zinc,  lead,  silver,  gold  and  copper  scum  rises  to  the  sur- 
face it  is  carefully  skimmed  with  a  perforated  ladle.  When  it  is  noticed 
that  the  lead  begins  to  freeze,  the  temperature  is  raised  again  and  a  second 
portion  of  zinc  added,  the  same  operation  being  repeated  three  or  four 
times  until  the  assay  shows  that  there  are  only  1  or  2  dwt.  of  silver  left 
per  ton  of  lead. 

If  there  is  any  copper  in  the  lead  it  goes  over  with  the  silver  into  the 
zinc.  Any  gold  in  the  lead  goes  over  into  the  first  zinc  which  is  added  and 
forms  a  zinc-gold  crust  with  a  little  silver.  Nickel  and  cobalt  are  also 
absorbed  by  the  zinc.  Antimony  remains  in  the  lead;  if  present  in  large 
proportion  it  retains  silver  in  the  lead;  if  present  in  quantities  not  exceed- 
ing 0.7  per  cent,  it  does  not  interfere  with  the  zinc  process.  Arsenic  and 
tin  remain  in  the  lead.  Arsenic  delays  the  desilverization  and  prevents 
a  good  separation  of  the  zinc  crust.  Bismuth  remains  in  the  lead.  Tellu- 
rium, platinum  and  palladium  go  into  the  zinc.  Therefore  if  lead  contains 
these  impurities  it  should  be  purified  before  going  to  the  zinc  process. 

The  zinc  scum  obtained  from  the  above  process  is  liquated.  This 
operation  has  for  its  object  the  removal  of  a  portion  of  the  lead,  as  the 
melting  temperature  of  the  lead  is  lower  than  that  of  the  scum.  If  the 
zinc  scum  is  heated  to  the  melting  temperature  of  the  lead,  the  lead  will 
liquate  out,  but  the  temperature  must  not  be  so  high  as  to  cause  the  oxi- 
dation of  the  lead  and  zinc,  as  a  sort  of  a  mush  or  pasty  alloy  will  be  formed 
which  is  infusible  and  resists  further  separation.  After  separating  a 
portion  of  the  lead,  the  remainder  is  called  rich  scum.  This  liquation 
is  generally  carried  out  in  kettles,  each  provided  with  an  inclined  bottom 
and  a  spout  so  that  the  liquated  lead  can  run  out  and  collect  in  a  sump  to 
be  submitted  anew  to  the  desilverizing  process. 

The  furnace  employed  at  Tsubaki  for  treating  the  rich  scum  is  shown 
in  Fig.  7.  Graphite  crucibles  A  are  used  which  are  placed  in  a  round 
wind  furnace,  B.  The  covering  consists  of  a  dome-shaped  hood,  C. 
provided  with  an  outlet,  D,  which  connects  with  a  condenser,  Ej  made  of 
cast  iron.  The  grate  bars  are  at  F  and  the  flue  is  at  G.  The  crucible 
is  placed  on  the  brick  foundation,  H.    The  heating  is  doM  by  means  of 
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coke.  The  cover  is  of  fire  clay  and  can  be  raised  and  lowered  by  chain 
and  counter  weights. 

The  scum  is  heated  in  the  retort;  the  zinc  evaporates  and  is  collected 
in  the  condenser  as  oxide  and  metal,  whereas  the  lead  and  silver  remain  in 
the  retort. 

The  rich  scum  is  mixed  with  1  per  cent,  of  charcoal  powder  and  intro- 
duced in  portions  of  about  500  lb.  into  the  crucible.  After  the  dome  is 
luted  on  with  fire  clay  and  the  pipe  D,  inserted  and  also  luted,  coke  is 
placed  around  the  crucible  and  glowing  coals  are  placed  on  top.  As 
soon  as  gases  begin  to  escape  from  the  pipe  D,  the  cover  is  placed  on  the 
condenser. 

After  the  operation  is  finished  the  condenser  contains  metallic  zinc, 
about  30  per  cent,  of  the  charge,  and  zinc  dust,  about  8  pfer  cent.  The 
residue  in  the  crucible,  composed  of  lead,  precious  metals  and  copper, 
goes  to  the  cupellation  hearth.  The  coke  consumption  is  about  80  per 
cent,  of  the  weight  of  the  charge. 

VII.     Old  Methods  of  Treating  and  Smelting  Ores 

The  Crushing  and  Pulverizing  of  Ores. — A  stone  wall  was  built,  3  ft. 
square  and  3  ft.  high,  in  the  center  of  which  a  square  block  of  granite  or 
other  hard  rock  was  placed  and  well  tamped  in.  Upon  this  rock  the  ore 
was  broken  with  heavy  hammers  and  the  pulverized  material  passed 
through  horse-hair  sieves,  40-mesh  to  the  square  inch,  or  through  bamboo 
sieves. 

Concentration. — The  pulverized  ore  was  treated  in  dolly  tubs,  the 
portion  which  floated  being  passed  through  launders  while  that  which 
settled  was  further  concentrated  by  vanning  troughs.  The  tailings 
collected  from  vanning  were  ground  in  stone  mortars  and  washed  again, 
and  the  slimes  were  made  to  flow  through  a  launder  named  Neko.  The 
Neko  is  a  frame  over  which  a  coarse  cloth  is  stretched,  about  10  ft.  long, 
set  obliquely.  The  portion  of  the  slimes  which  remained  on  the  cloth  was 
again  treated  in  dolly  tubs  and  vanning  troughs. 

Granulated  or  grain  ore  was  put  into  shallow  willow  baskets  Zaru- 
age,  where  it  was  subjected  to  a  jigging  motion  in  a  basin  of  water.  The 
fine  particles  which  escaped  through  the  meshes  of  the  sieve  were  caught 
in  the  basin  and  passed  over  the  Neko;  that  which  remained  was  panned 
in  a  dish  called  "  Yurishita. " 

Roasting  the  Concentrated  Ore. — The  concentrates  were  mixed  with 
clay  and  made  into  balls,  which  were  heaped  on  to  a  charcoal  fire  in  hearths 
made  of  earth.     The  sulphur  was  burned  and  the  minerals  oxidized. 

Smelting  in  Open-Hearth  Furnaces,  Do-Buki 

This  furnace  is  simply  a  cavity  in  the  ground,  of  hemispherical  form, 
with  a  diameter  of  0.5  to  1.5  ft.,  and  lined  with  brasque.     The  blastjis 
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supplied  by  an  ordinary  smith's  bellows  called  "Futgo/*  a  square  box 
in  which  moves  a  piston  packed  with  a  badger's  skin.  The  piston  rod  is 
moved  backward  and  forward  by  a  coolie,  who  draws  it  out  with  the  hand 
and  pushes  it  back  with  the  foot.  Usually  two  such  bellows  are  used  with 
each  furnace.  The  bellows  furnish  4  cu.  ft.  of  air  per  piston  stroke  or 
about  120  cu.  ft.  per  minute. 

The  tuyeres  open  into  the  upper  border  of  the  furnaces.  The  direct 
ascent  of  the  blast  is  prevented  by  a  vaulted  roof  of  clay  which  extends 
above  the  orifices  of  the  tuyeres  as  far  as  half  way  across  the  furnace. 
The  furnaces  are  separated  from  the  bellows  by  a  back  wall,  the  products 
of  combustion  escaping  through  a  chimney,  built  of  framework  and  cov- 
ered with  loam,  which  is  supported  partly  by  the  back  wall,  partly  by 
pillars  and  colnmences  about  7  ft.  above  the  bottom  of  the  furnace. 

To  blow  in,  the  furnace  is  filled  with  charcoal,  a  fire  lighted  and  the 
blast  turned  on  lightly.  Charges  of  ore  are  thrown  in  and  the  blast 
increased  until  complete  fusion  takes  place. 

When  the  furnace  is  filled  with  molten  material  nearly  to  the  tuyere 
level,  the  blast  is  stopped,  the  burning  charcoal  raked  out  and  wat^r 
sprinkled  over  the  fluid  slag.  As  the  slag  solidifies,  it  is  removed  down  to 
the  fluid  matte;  then  charcoal  and  ore  charges  are  added  and  the  opera- 
tion repeated  until  the  furnace  is  filled  with  molten  matte  and  metal, 
whereupon  the  contents  are  ladled  out  or  removed  in  disks,  as  the  matte 
gradually  cools.  The  red  hot  furnace  is  then  repaired  with  clay  and 
smelting  operations  resumed.  When  the  furnace  becomes  unfit  for  use, 
it  is  cooled  down,  repaired  with  brasque,  warmed  over  night  and  is  ready 
for  operation  again  the  next  morning. 

In  such  a  furnace  from  3,500  to  4,000  lb.  of  ore  can  be  smelted  in  a 
day,  and  some  mines  have  a  number  of  them  in  operation.  The  treat- 
ment in  these  furnaces  is  a  very  wasteful  operation  and  the  fuel  consump- 
tion ranges  from  30  to  70  per  cent,  of  the  weight  of  the  ore.  When  ores 
are  smelted  containing  gold,  a  certain  proportion  of  metallic  lead  is 
smelted  in  and  the  bottom  collects  auriferous  lead  and  matte. 

Roasting  the  Matte. — The  matte  is  roasted  in  stalls  built  up  of  common 
stones,  of  dimension  suitable  to  local  conditions.  Brush  wood  or  split 
cord  wood  is  placed  on  the  floor  of  the  stalls,  the  matte  piled  on  top  of  it, 
care  being  taken  to  leave  vent  holes,  the  pile  covered  with  fine  ore  or  fine 
matte  and  the  fuel  ignited  at  the  air  hole.  The  time  required  for  roasting 
the  matte  depends  on  the  size  of  the  roast  heap.  Pieces  of  well-roasted 
matte  are  selected  for  the  next  operation,  treatment  in  the  Mabuki-Doko. 

Fusion  of  the  Calcined  Matte  in  the  Mabuki-Doko, — About  0.5  to  1  ton 
of  the  roasted  matte  is  melted  down  in  a  hearth  furnace  similar  in  con- 
struction to  the  one  above  described.  When  all  the  charges  have  been 
melted  down,  the  slag  is  removed  and  the  front  half  of  the  top  of  the 
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hearth  which  remained  uncovered,  is  covered  with  a  heavy  piece  of  fire- 
proof clay  tile,  supported  on  short  pillars  of  the  same  material. 

A  small  opening  is  left  in  the  front  of  the  cover  and  an  auxiliary 
tuySre  inserted  so  that  the  blast  is  directed  on  the  surface  of  the  molten 
bath.  When  the  smelting  is  completed  the  cover  is  taken  off  and  the 
slag  scraped  away.  The  slag  still  remaining  is  solidified  by  sprinkling 
water  on  the  surface.  This  slag  is  resmelted  in  the  ore  furnace.  The 
matte  thus  exposed  is  removed  in  thin  disks  after  cooling.  The  whole 
operation  takes  about  10  hr.  with  a  consumption  of  charcoal  amounting 
to  25  to  35  per  cent,  of  the  weight  of  the  charge. 

When  precious  metals  are  to  be  won,  lead  is  smelted  in  with  the  copper 
in  the  bottom  of  the  furnace,  making  an  alloy  of  precious  metals,  lead  and 
copper;  this  operation  is  called  Awase-Buki.  This  operation  is  sometimes 
carried  out  in  a  separate  hearth  furnace. 

Black  copper  containing  more  than  30  oz.  of  silver  per  ton  is  melted 
with  about  40  per  cent,  of  argentiferous  lead  in  a  hearth  furnace  with  one 
tuydre  which  inclines  downward.  The  charcoal  is  kindled  and  270  lb. 
of  black  copper  is  melted  down.  About  70  to  80  lb.  of  lead  are  then  added. 
When  the  hot  coal,  slag,  and  dross  are  raked  out  from  the  hearth,  an  iron 
bar  with  a  spherical  knob  is  dipped  into  the  molten  metallic  bath,  on 
which  the  metal  solidifies  and  adheres,  forming  a  thick  crust.  The  bar 
is  now  removed,  the  incrusted  end  immersed  in  cold  water  and  the  shell 
or  crust  knocked  oflF  by  a  hammer.  This  is  repeated  until  all  the  metal  is 
removed  from  the  hearth.  Six  or  seven  charges  are  operated  daily  in 
the  same  furnace,  with  a  consumption  of  about  20  per  cent,  of  charcoal. 

lAqucMon  in  Narnban-Buki,  or  Namban-Shihori. — This  process  has 
for  its  object  the  removal  of  the  lead  from  the  copper,  silver  and  lead 
alloy,  and  in  this  manner  most  of  the  silver  leaves  the  copper.  This 
is  accomplished  by  heating  the  black  copper  in  small  furnaces  with  a  light 
blast  to  a  temperature  sufficiently  high  to  melt  lead  but  not  copper. 
The  molten  argentiferous  lead  is  drawn  off  leaving  the  copper  skeleton 
behind.  As  this  copper  still  contains  some  silver  it  is  smelted  again  with 
lead,  during  the  second  Uquation  becoming  very  much  impoverished  in 
precious  metals. 

In  one  of  the  Osaka  refineries  the  liquation  furnace  has  an  oval  form 
and  is  covered  with  loam  on  the  outside  and  lined  with  brasque  on  the 
inside.  The  top  of  the  furnace  is  covered  with  a  tile,  leaving  only  a  small 
semicircular  opening  in  front,  which  is  also  covered  with  a  tile.  This 
opening  is  used  as  a  charging  hole  for  the*  charcoal  during  the  operation. 
The  open  front  of  the  furnace  is  also  closed  by  a  movable  tile  which  does 
not  reach  to  the  bottdm,  but  leaves  a  narrow  space  for  the  working  of  the 
metal. 

An  iron  blast  pipe  directs  the  blast  downward.     The  inclined  working 
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floor  in  front;  formed  by  ramming  down  brasque  between  the  aide  stones, 
terminates  in  a  shallow  cavity  for  receiving  the  liquated  lead. 

About  116  lb.  of  the  alloy  are  charged  in  lumps,  charcoal  is  piled  in, 
the  tile  covers  put  in  place,  and  the  blast  turned  on. 

When  lead  begins  to  flow  out,  and  the  mass  becomes  pasty,  it  is 
squeezed  with  a  wooden  rod,  fastened  to  an  iron  handle;  when  it  hardens 
it  is  pushed  back  into  the  furnace,  so  that  it  may  become  reheated. 
The  process  is  repeated  until  almost  all  the  lead  is  liquated  out,  the  opera- 
tion lasting  2.5  hr.,  with  a  consumption  of  about  50  lb.  of  charcoal. 
The  quantity  of  copper  alloy  which  is  treated  in  one  day  in  one  furnace  is 
350  lb. 

Smelting  the  Liquaied  Copper, — ^After  liquation  the  copper  is  sub- 
jected to  an  oxidizing  smelting  in  circular  open-hearth  furnaces.  Charges 
of  275  lb.  are  smelted  with  charcoal  and  the  blast,  directed  on  to  the  sur- 
face of  the  bath,  is  turned  on.  In  about  1.5  hr.  the  metal  fuses,  where- 
upon the  hot  charcoal  and  slag  are  drawn  out  and  the  surface  of  the  metal 
bath  is  blown  by  the  blast  causing  the  phenomenon  called  copper  rain; 
this  lasts  about  10  minutes  and  the  mass  is  then  allowed  to  cool  gradually, 
when  the  frozen  copper  is  removed  in  thin  disks. 

The  whole  operation  lasts  2.5  hr.  with  a  consumption  of  166  lb.  of 
charcoal.  About  1 ,500  lb.  of  copper  residues  are  smelted  daily  per  hearth, 
producing  1,470  lb.  of  rosette  copper  and  33  lb.  of  slag,  which  contaios 
10  per  cent,  of  copper. 

CupeUation,  Hai-Buki. — In  some  of  the  old  methods  this  operation  is 
carried  out  without  a  blast,  by  placing  the  cupel  in  a  sort  of  a  muffle 
furnace,  but  in  most  cases  the  cupel  is  placed  on  a  hearth  and  a  blast 
turned  on  from  a  bellows. 

This  is  generally  eflfected  on  a  small  open  hearth,  constructed  of  a 
wooden  box,  3  ft.  square  and  2.5  ft.  deep  set  in  the  ground.  The  cupel 
is  made  of  wood  ashes,  the  soluble  salts  being  leached  out. 

In  the  center  of  the  cupel  is  a  circular  cavity  on  which  a  charcoal  fire 
is  made  and  100  lb.  of  lead  added.  The  charge  is  then  surrounded  with 
tiles  1  ft.  square  and  the  blast  turned  on.  As  the  metal  fuses  the  charcoal 
is  removed  to  the  periphery  and  the  blast  made  to  play  slowly  on  the 
metal  bath.  The  litharge  formed  swims  on  the  top  of  the  bath  and  is 
absorbed  by  the  ashes.  The  operation  lasts  about  2.5  hr.,  consuming 
20  lb.  of  charcoal. 

At  a  gold  mine  which  I  visited,  the  concentrates  of  arsenical  pyrites, 
containing  some  galena,  are  briquetted  by  hand  labor  with  calcined  feld- 
spar. After  air  drying  they  are  smelted  down  in  an  open-hearth  furnace, 
the  blast  being  furnished  by  a  small  fan.  The  slabs  of  matte  obtained  in 
this  first  smelting  are  resmelted  in  a  smaller  open-hearth  furnace  and  the 
matte,  or  rather  speiss,  taken  off  in  thin  slabs.  During  the  second 
smelting  a  pool  of  lead  collects  in  the  bottom  of  the  furnace,  which  is 
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ladled  out  into  a  mold  and  cupelled  in  the  manner  above  described  giving 
gold  bullion  about  700  fine. 

Refining  Silver  Bullion,  Parting. — Silver  bullion  is  fused  on  a  flat 
hearth,  and  lead  and  sulphur  added  to  convert  the  silver  into  a  sulphide. 
The  silver  matte  thus  produced  is  sprinkled  with  water  and  cooled,  or  it  is 
poured  oflf  carefully  while  still  liquid,  leaving  the  gold  on  the  hearth. 

The  silver  matte  thus  produced  is  again  melted  with  lead,  until  all  the 
precious  metal  contained  in  it  is  absorbed  by  the  lead.  It  is  then  heated 
strongly  to  burn  away  the  sulphur,  and  more  lead  is  added;  when  the 
operation  is  finished,  the  lead  is  ladled  into  a  mold  and  then  cupelled. 

Any  silver  and  gold  produced  must  come  up  to  the  standard  of  the 
Hoji  Koban. 

Toughening  the  Copper. — This  operation  is  performed  in  clay  crucibles 
heated  in  a  hearth  lined  with  brasque;  charcoal  is  packed  around  the 
crucible,  and  a  clay  tuyere  is  fixed  with  an  inclination  of  20®  to  play  on 
top  of  the  metallic  bath.  Charcoal  is  then  piled  on  top  and  the  crucible 
heated  to  redness  after  which  66  lb.  of  copper  are  introduced,  covered 
with  charcoal  and  the  blast  turned  on.  In  about  25  minutes,  the  charge 
completely  melts  down,  and  the  slag  and  dross  are  removed.  The  molten 
metal  is  stirred  well  with  a  long  hard  stick  of  charcoal  in  order  to  toughen 
the  metal  or  to  reduce  the  cuprous  oxide  in  the  molten  mass,  an  operation 
which  is  completed  in  a  few  minutes;  the  metal  is  then  cast  in  molds. 
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The  Metallurgy  of  Zinc 

Discussions  of  the  papers  of  Dorset  A.  Lton  and  Samuel  S.  Arentz,  Richard 
D.  Divine,  H.  A.  Wentworth,  and  S.  £.  Bretherton,  presented  at  the  Salt 
Lake  meeting  August,  1914,  and  printed  in  Bulletins  Nos.  91  and  92,  July  and 
August,  1914. 

George  W.  Riteb,  Salt  Lake  City,  Utah. — We  have  every  reason  to 
believe  that  oil  flotation  will  soon  come  into  general  use  as  a  final  guard 
against  slimes  losses  in  concentrating  mills,  not  only  in  the  case  of  zinc 
ores,  but  also  in  the  case  of  other  semi-precious  ores.  It  also  promises 
much  as  a  primary  process  for  the  concentration  of  minerals  that  are 
not  adapted  to  gravity  methods.  Moreover,  modifications  of  the  proc- 
ess involving  selective  or  preferential  flotation  are  gradually  becom- 
ing understood^  and  will  make  it  possible  to  eliminate  pyrite  and  other 
minerals  occurring  as  undesirable  impurities  in  zinc  concentrates.  And 
what  perhaps  is  of  equal  importance,  further  modifications  promise  an 
effective  method  of  separating  zinc  blende  from  ores  that  are  chiefly 
valuable  for  copper,  lead,  and  precious  metals,  thereby  making  an  asset 
out  of  zinc  which  has  heretofore  been  a  liabiUty. 

The  tendency  of  certain  pulverized  minerals  to  float  on  water,  espe- 
cially after  having  been  in  contact  with  grease,  has  been  known  to  mill- 
men  for  a  long  time,  and  was  formerly  something  to  be  deplored  and  to 
be  striven  against.  All  at  once,  this  tendency  has  become  a  saving  grace; 
and  now,  like  tardy  converts  to  a  new  faith,  we  are  zealous  advocates  of 
something  we  once  despised. 

I  was  once  employed  at  a  mine  in  the  Tintic  mining  district  of  Utah — 
the  old  Eureka  Hill  property — where  ores  that  were  too  low  in  value  to 
warrant  being  sent  to  copper  or  lead  smelters  were  treated  in  a  com- 
bination mill.  The  ores  contained  gold,  silver,  lead,  copper,  zinc,  man- 
ganese, arsenic,  etc.,  in  var3dng  quantities  and  in  varying  mineral  forms, 
mingled  in  a  quartz  and  calcite  gangue.  The  material  was  stamped  fine 
and  then  concentrated  on  True  vanners  so  as  to  make  a  smelting  concen- 
trate, after  which  the  tailings  were  thickened  and  treated  in  amalgamating 
pans  for  the  recovery  of  non-concentratable  precious  metals. 

In  the  amalgamating  pans,  under  the  influence  of  heat  and  agita- 
tion, a  dark  greasy  froth  or  scum  sometimes  formed  on  the  surface  of  the 
ore  mixture.  This  froth  or  scum  was  composed  mainly  of  mineral  sul- 
phides, and  its  occurrence  might  have  meant  only  casual  losses  in  the 
previous  concentration,  except  that  the  phenomenon  was  accompanied 
by  faulty  amalgamation  of  the  precious  metals  and  by  excessive  losses 
in  the  mill  tailings.  Grease  and  oil,  present  by  accident,  were  the  cause 
of  the  trouble. 

YHiether  the  intense  vibration  in  the  mill,  due  to  the  pounding  of  the 
heavy  stamps,  had  caused  small  particles  of  grease  to  be  shaken  loose 
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from  the  heavy  machinery,  or  whether  the  oil  was  merely  lubricant  that 
had  passed  through  rock  drills  used  in  mining  the  ore,  a  single  drop  would 
spread  over  a  large  expanse  of  water  and  smear  up  a  lot  of  pulverized 
ore.  Having  an  experimental  unit  in  our  mill,  we  undertook  to  find 
out  how  to  make  the  pulverized  ore  behave  to  our  liking  in  spite  of 
stray  grease;  and  before  we  got  through,  we  discovered  a  lot  of  facts  con- 
cerning the  behavior  of  greasy  minerals  under  varying  conditions  as 
to  heat,  agitation,  and  weak  chemical  solutions.  These  facts  ought  to 
have  pointed  our  way  toward  flotation  as  an  economic  process.  They 
should  have  pointed  further,  toward  the  separation  of  flotative  minerals 
from  one  another;  because  we  observed  that  all  minerals  did  not  be- 
have alike,  and  that  sulphides  of  zinc  were  the  most  erratic  of  all.  At 
that  time,  however,  our  results  did  not  seem  particularly  significant, 
because  zinc  was  then  a  liability  rather  than  an  asset,  and  what  we  were 
then  trying  to  do  was  to  prevent  all  forms  of  flotation;  and  our  energies 
were  directed  toward  finding  lubricants  that  would  be  harmless  and  in- 
active in  contact  with  ores,  or  which  could  be  made  harmless  and  in- 
active by  means  of  reagents. 

Zinc  blende,  when  found  in  minute  crystals  mingled  with  pyrite  and 
other  sulphide  minerals,  eludes  the  simpler  methods  of  mineral  separa- 
tion because  it  is  not  in  itself  unique  as  to  density,  crystallization,  fracture, 
or  behavior  with  chemicals.  Its  one  distinctive  difference  seems  to  be 
in  its  behavior  toward  electricity.  All  of  the  other  sulphides  are  good 
conductors;  but  zinc  blende,  except  when  contaminated  with  iron  as  an 
impurity,  is  a  non-conductor.  Upon  this  property  rests  the  electro- 
static concentration  of  zinc  ores.  A  paragraph  from  Henry  A.  Went- 
worth's  paper  on  Electrostatic  Concentration  or  Separation  of  Ores^  is 
worth  repeating: 

"There  is  an  old  experiment  in  physics  where  an  electrified  rod  is  brought  close 
to  a  suspended  pith  ball.  The  pith  ball  is  first  attracted,  clings  for  a  moment  to  the 
rod,  and  is  then  vigorously  repelled.  As  the  rubber  rod  approaches  the  pith  ball, 
a  charge  of  opposite  kind,  so  called,  is  induced  on  the  side  of  the  pith  ball  nearest  to 
the  charged  rod,  and  as  unlike  charges  of  electricity  attract  one  another  and  as  the 
pith  ball  is  very  light,  it  moves  to  the  rubber  rod .  But  pith,  though  not  a  good  conductor 
of  electricity,  does,  because  of  the  moisture  contained,  conduct  electricity  appreciably, 
and  it  soon  becomes,  as  a  whole,  charged  similarly  to  the  rubber  rod,  and  away  it 
flies.  This  is  the  principle  which  is  utilized  in  electrostatic  separation,'  and  to  ac- 
complish separation  the  differential  property  is  the  conductivity  of  the  minerals 
involved." 

In  the  same  paper,  Wentworth  gives  a  list  of  more  than  50  important 
conductive  minerals;  but  zinc  blende  is  placed  in  a  list  of  non-conductors, 
along  with  quartz,  feldspar,  silicates,  carbonates,  sulphates,  etc. 

Whether  or  not  it  is  anything  more  than  a  coincidence,  experiment 
indicates  that  electrically  non-conductive  minerals  are  nearly  neutral 

»  Trans.,  xUii,  412  (1912). 
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toward  oils  and  gases  in  the  flotation  process,  and  that  minerals  having 
the  highest  electric  conductivity  are  most  amenable  to  oil  flotation. 
Mercury,  galena,  graphite,  nickel  ore,  pyrrhotite,  etc. — ^this  list  of 
conductive  minerals,^  in  descending  order,  is  the  list  of  minerals  most 
easily  recovered  as  a  flotation  concentrate  when  in  finely  pulverized  state. 
Using  the  coincidence  as  a  working  hypothesis  and  carrying  the  experi- 
ments further,  we  find  that  oil  flotation  is  not  restricted  to  sulphide 
minerals,  but  that  tellurides,  chlorides,  oxides,  native  metals,  and  other 
native  compounds,  can  be  brought  into  the  flotation  class  under  the  right 
conditions.  Impure  zinc  blende,  because  of  its  iron  impurity,  also 
comes  into  this  class.  The  flotation  class  is  enlarged  still  further  if  useful 
carbonates  be  first  converted  into  oxides  by  means  of  calcination.  For 
example,  zinc  oxide  derived  in  this  way  from  smithsonite  can  be  re- 
covered by  oil  flotation  if  a  proper  oil  is  used.  This  bit  of  research  is 
one  that  I  have  not  yet  carried  to  a  final  conclusion;  but  a  mixture  of 
linseed  oil  and  turpentine  is  one  combination  that  seems  to  be  effective; 
and  whether  we  say  that  we  are  floating  the  material  as  a  froth  or  as  a 
paint,  the  important  point  is  to  do  the  trick  economically  and  to  over- 
come interfering  agents  that  occur  in  the  worthless  gangue. 

It  is  my  impression  that  before  we  finally  get  to  the  underlying 
principles  of  oil  flotation,  including  the  separation  of  flotative  minerals 
from  one  another,  the  depths  of  electro-chemistry  and  electrostatics  will 
have  to  be  sounded  pretty  thoroughly.  In  commentating  on  the  migra- 
tion of  particles  suspended  in  liquids  under  the  influence  of  electric  cur- 
rents, LeBlanc'  reviews  the  work  of  Helmholtz  and  others,  tending  to 
show  that  the  migration  is  due  to  the  presence  of  an  electric  charge  upon 
the  portion  of  matter  in  question;  that  the  direction  of  migration  is  in- 
fluenced by  the  addition  of  small  quantities  of  foreign  matter,  such  as 
alkali  or  acid,  in  solution;  that  at  the  surfaces  of  .contact  of  two  dis- 
similar media — for  instance,  the  contact  surface  of  water  and  glass — an 
electrical  charge  or  double  layer  must  form;  that  the  arrangement  is 
entirely  analogous  to  an  ordinary  electric  machine,  with  only  this  differ- 
ence, that  whereas  in  one  case  a  liquid  rubs  past  a  solid,  in  the  electric 
machine  a  solid  rubs  past  a  solid;  and  finally  Coehn's  answer: 

"If  two  substances  are  brought  into  contact  with  each  other,  the  one  possessing 
the  higher  dielectric  constant  will  become  positively  charged." 

Here  again  we  have  a  striking  parallel  between  the  phenomena  of 
electrolytic  migration  and  the  phenomena  of  oil  flotation;  and  a  question 
that  arises  is  whether  we  are  not  justified  in  considering  a  flotation  tank 
and  its  agitating  device  as  a  dielectric  machine;  the  solution,  with  its 

*  Landolt-Bornstein-Meyerhoffer.  Quoted  in  BiUlelin  No.  548,  U.  S.  Geological 
Survey f  Electric  Activity  in  Ore  Deposits,  by  Roger  C.  Wells,  p.  25  (1914). 

*LeBlanc:  Text-book  of  Electro-Chemistry,  translation  by  Whitney  and  Brown, 
pp.  157  to  160  (1907). 
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dissolved  foreign  matter,  as  an  electroljrte;  and  the  film  of  oil  surround- 
ing the  mineral  particle  and  any  attached  bubble  of  air  or  gas,  as  an 
insulator  that  enables  the  particles  to  retain  their  electrostatic  charges, 
even  in  the  presence  of  the  liquid. 

As  between  dry  electrostatic  separation  on  the  one  hand,  and  selective 
flotation  on  the  other  hand,  the  relative  advantages  may  depend  some- 
what on  the  fineness  to  which  the  ore  must  be  reduced  in  order  to  separate 
unlike  minerals  from  one  another.  Oil  flotation  has  the  advantage  of 
being  adapted  to  mineral  particles  in  a  state  of  fineness  approaching 
colloids,  without  calling  for  preliminary  drying  of  the  material,  and  with- 
out excessive  installation  and  operating  costs. 

James  M.  Hyde,  San  Francisco,  Cal. — The  flotation  process  being 
a  new  one  in  American  ore-dressing  practice,  it  may  be  well  to  outline 
briefly  some  of  the  factors  that  have  to  be  taken  into  account  in  its  ap- 
plication. The  process  depends  upon  certain  physical  phenomena  quite 
different  from  those  made  use  of  in  the  ordinary  water-concentration 
practice.  Certain  minerals  having  a  metallic  luster,  particularly  the 
sulphides,  sulpharsenides,  sulphantimonides,  and  tellurides,  together 
with  native  sulphur  and  graphite,  are  easily  wetted  by  oil,  whereas  the 
usual  gangue  minerals  are  not.  There  is  an  exception  to  this  rule  in  that 
certain  of  the  carbonates,  particularly  calcite  and  siderite,  are  rather 
easily  oiled  by  the  fatty  oils,  apparently  because  a  certain  degree  of  actual 
saponification  of  the  oil  by  them  takes  place.  Both  the  minerals  which 
have  been  mentioned  and  oils  also  exhibit  the  phenomenon  of  readily 
attaching  themselves  to  gases  even  in  the  presence  of  water. 

The  first  successful  application  of  flotation  concentration  on  a  large 
scale  along  anything  like  the  lines  now  practiced  was  made  in  Australia 
by  what  was  called  the  Potter  process,  in  which  the  Broken  Hill  sulphide 
middlings,  consisting  of  pyrite,  blende,  galena,  garnet,  calcite,  and  certain 
other  gangue  minerals,  were  introduced  into  a  hot  solution  containing 
about  5  per  cent,  of  sulphuric  acid.  The  acid  reacted  upon  the  calcite, 
causing  the  evolution  of  carbon  dioxide  gas,  to  which  the  sulphide  particles 
attached  themselves  and  were  thus  buoyed  to  the  surface  and  removed 
as  a  froth  of  concentrates.  Following  upon  this  work,  installations  were 
made  in  which  a  small  amount  of  oil  was  added  to  the  pulp,  the  amount 
of  sulphuric  acid  was  lessened,  and  the  gases  necessary  for  flotation  were 
in  part  supplied  by  air  beaten  into  the  pulp  by  the  violent  agitation  neces- 
sary to  distribute  evenly  throughout  the  pulp  the  small  amount  of  oil 
used  and  allow  of  a  film  coating  of  the  sulphide  particles  with  oil.  This 
practice  followed  very  closely  along  the  lines  disclosed  earlier  by  Carrie 
J.  Everson,  and  by  Alcide  Froment. 

The  process  was  first  applied  in  this  country  on  a  large  scale  for  the 
treatment  of  the  ores  of  the  Butte  &  Superior  mine,  at  Butte,  Mont. 
The  original  installation  was  made  in  a  mill  at  Basin,  Mont.,  where  this 
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company  was  temporarily  milUng  its  ores.  It  was  found  both  by  this 
company  and  by  another  company  working  upon  similar  material  from 
the  same  vein,  that  ordinary  milling  practice,  making  use  of  jigs,  tables, 
and  vanners,  could  not  profitably  make  a  higher  recovery  from  these 
ores  than  from  50  to  60  per  cent,  of  the  zinc  which  they  contained.  Some 
further  recovery  might  be  possible  by  larger  installations  of  vanners,  but 
the  product  yielded  by  vanners  was  so  low  grade  as  to  be  salable  at  veiy 
small  profit.  The  ore  contains  its  principal  value  in  zinc  in  the  form  of 
zinc  blende,  the  average  content  of  the  ore  ranging  from  18  to  21  per  cent, 
zinc.  With  this  occurs  a  small  amount  of  lead  in  the  form  of  galena,  and 
several  ounces  of  silver — probably  in  the  form  of  silver  sulphide.  The 
principal  gangue  minerals  of  the  ore  are  quartz,  rhodonite  and  rhodo- 
chrosite,  and  more  or  less  altered  inclusions  of  granite.  The  high  con- 
tent of  zinc  of  this  ore  and  the  low  recovery  possible  by  water  concentra- 
tion alone  made  it  necessary  to  find  some  new  method  for  its  treatment. 
Laboratory  tests,  accompanied  by  screen  analyses  and  microscopic  ex- 
aminations, showed  that  the  material  was  successfully  treatable  by  flota- 
tion concentration,  but  that,  because  of  the  peculiar  nature  of  the  ore 
and  the  intimate  association  of  the  blende  with  the  quartz,  a  special 
method  of  treatment  would  have  to  be  worked  out  for  it.  The  princip^^l 
modifications  that  proved  necessary  were  the  tube  milling  of  the  tailings 
resulting  from  vanning  and  table  operations;  preliminary  treatment  of 
the  slimy  portion  of  the  pulp  with  sulphuric  acid  and  lime  or  some  other 
coagulant;  and  a  novel  method  of  roughing  and  cleaning  by  flotation 
concentration.  This  ore  presented  a  peculiar  problem  in  that  even  the 
coarse  crushing  produced  a  high  percentage  of  slimes  which  were  par- 
ticularly difficult  to  settle.  Tests  made  upon  them  have  shown  that 
after  a  slimy  pulp  had  remained  in  a  quiescent  condition  in  a  Callow  cone 
for  3  hr.  the  solids  still  in  suspension  contained  as  much  as  14  per  cent.  zinc. 

The  practice  that  has  been  adopted  by  the  company  makes  use  of 
jigs  and  tables  for  the  recovery  of  as  much  high-grade  concentrate  as  is 
possible  by  the  use  of  these  machines  and  involves  the  treatment  by  flota- 
tion of  all  the  slimes  produced  incidental  to  the  crushing  throughout  the 
mill  combined  with  reground  tailings  from  the  jigs  and  vanners. 

The  process  which  was  worked  out  for  the  ore  has  been  so  efficiently 
administered  by  the  staff  of  the  company  in  their  new  mill,  working  at  a 
capacity  of  1,000  tons  per  day  or  more,  that  in  the  first  six  months  of  1914, 
193,000  tons  of  ore  were  treated  with  an  average  recovery  of  89.3  per  cent. 
of  their  zinc  content,  made  into  a  concentrate  containing  52.4  per  cent, 
zinc.  The  elasticity  of  the  process  is  shown  by  the  fact  that  whereas 
in  January  this  recovery  was  at  the  rate  of  90.67  per  cent,  of  zinc  con- 
tained in  the  ore,  the  concentrate  produced  running  51.3  per  cent,  zinc; 
in  June  it  had  been  altered  so  that  the  recovery  went  88.7  per  cent,  zinc 
but  the  product  had  been  raised  to  a  grade  of  54.6  per  cent,  zipe.    There 

6  Digitized  by  VjOOQ  IC 


2710  THE  METALLURGY  OF  ZINC 

is  much  greater  profit  in  marketing  high-grade  zinc  concentrate  than 
low-grade  material.  On  the  basis  that  water  concentration  alone 
would  profitably  recover  but  60  per  cent,  of  the  content  of  zinc  in  this 
ore,  the  figures  given  out  by  the  company  indicate  that  in  this  mill  alone, 
during  the  first  six  months  of  this  year,  approximately  17,500,000  lb.  of 
zinc  were  recovered  which  would  have  been  lost,  in  large  part  at  least,  had 
it  not  been  for  the  use  of  the  flotation  concentration  process.  A  further 
advantage  to  the  company  has  been  gained  by  the  ability  to  market  its 
whole  product  in  a  higher-grade  concentrate  than  would  otherwise  be 
possible. 

S.  A.  loNiDES,  Denver,  Colo. — The  dry  chlorination  treatment  was 
started  as  a  comprehensive  scheme  for  saving  zinc  in  these  complex  sul- 
phide ores,  and  it  proposes  in  one  building  to  start  with  the  ore  and  end 
with  metals.  The  first  step  is-drjdng,  and  crushing  practically  parallel  to 
any  other  kind  of  drying  and  crushing,  but  with  this  distinction :  it  is  not 
necessary  to  crush  so  fine.  The  only  necessity  is  to  expose  on^  surface  of 
each  metallic  particle,  and  not  necessarily  to  isolate  it,  and  the  chlorine 
which  comes  in  the  second  stage  will  attack  that  and  be  able  to  pierce  it. 
Working  at  low  temperature  the  sulphur  gets  no  chance  to  coagulate,  but 
the  reaction  between  chlorine  and  the  metallic  sulphides,  resulting  in  the 
formation  of  metallic  chlorides,  cannot  be  carried  to  a  conclusion,  and  so  a 
second  stage  is  necessary,  which  consists  of  a  light  chloridizing  roast,  between 
200°  and  400°  C.  In  the  first  step  I  should  have  mentioned  that  silver 
and  probably  gold  are  chloridized  in  addition  to  the  base  metals,  copper, 
lead,  zinc,  and  iron.  The  ferric  chloride  is  not  wanted  in  particular,  and 
in  ordinary  practice  it  is  found  better  to  decompose  this  by  the  light  roast 
I  have  mentioned,  and  the  chlorine,  freed  from  the  ferric  chloride,  at- 
tacks the  sulphides  from  the  other  metals  and  converts  them  into  chlorides. 
The  roasting  ends  the  dry  part. 

After  roasting,  the  ore  is  leached  with  hot  water,  and  this  will  dissolve 
all  of  the  metals  with  the  possible  exception  of  the  gold.  If  there  is  any 
ferrous  chloride  or  other  reducing  agent  present  the  gold  will  not  be  dis- 
solved. It  will  be  carried  out.  Silver  chloride  is  readily  soluble  in 
solutions  of  other  chlorides,  lead  chloride  in  hot  water,  and  zinc  chloride 
and  cupric  chloride  in  water  of  any  temperature.  After  thorough  agita- 
tion the  gangue  is  filter-pressed  off,  and  the  solution  containing  the  metal- 
lic chlorides  then  goes  to  the  refinery.  The  refinery  follows  the  ordinary 
course  of  wet  refining.  Metals  are  precipitated  on  one  another,  the  gold 
and  silver  on  copper,  the  copper  on  iron,  the  lead  on  zinc,  and  the  iron 
is  removed  with  zinc  oxide.  This  leaves  a  solution  containing  pure 
zinc  chloride,  which  is  then  evaporated  to  dryness,  fused,  and  electro- 
lyzed  in  a  fused  condition,  giving  zinc  and  chlorine  ready  for  re-use.  The 
one  point  I  would  make  about  the  process  is  that  the  loss  should  be 
very  low.     There  is  just  one  point  in  the  process  where  loss  can  occur  in- 
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stead  of  three,  four,  or  more,  as  in  the  ordinary  retort  and  other  processes. 
The  one  point  is  in  the  actual  chloridizing.  If  that  is  not  complete  some 
zinc  will  go  out  with  the  gangue,  but  with  the  rest  the  only  chance  of 
loss  is  mechanical,  and  we  hope  to  be  able  to  keep  that  low. 

S.  S.  Arentz,  Salt  Lake  City,  Utah. — During  the  past  six  months  I 
have  met  a  number  of  men  more  or  less  interested  in  the  Rankin- Westling 
process  for  the  wet  treatment  of  all  classes  of  sulphide  ore.  These  men 
appeared  to  be  so  enthusiastic  about  this  process  that  a  word  here  will 
not  be  out  of  the  way.  The  process  consists  in  treating  the  ore  with 
nitric  acid  in  a  closed  retort.  Steam  is  applied  under  pressure.  The 
ore  must  contain  about  7  per  cent,  sulphide.  The  gases  and  vapors  driven 
oflf  are  caught  in  various  receptacles.  The  gases  caught  include  NO  and 
NO2  and  contain  nearly  or  all  the  nitrogen  present  in  the  nitric  acid  used 
in  the  treatment.  The  solution  will  contain,  as  sulphates,  all  the  metals 
present  in  the  ore.  The  treatment  of  zinc  is  particularly  interesting  to 
us  to-night,  and  I  have  copied  verbatim  an  extract  from  the  Rankin 
pamphlet. 

"After  silver,  bismuth,  arsenic,  iron,  aluminium,  copper,  cobalt,  nickel  and 
cadmium  have  been  removed,  one  can 

''  (a)  if  metal  is  desired,  add  to  the  cold  sulphate  a  little  less  than  theoretical 
amount  of  CA  (OH2)  necessary  to  precipitate  all  zinc  decant,  filter  and  wash  and  treat 
the  mixed  hydroxide  of  ZN  and  GA  SO4  precipitate,  electrolytically  with  an  E.  M.  F. 
of  less  than  three  volts  in  a  Bankin- Westling  cell,  or 

"  (b)  if  the  oxide  is  desired  treat  the  ZN  (OH,)  and  CA  SO4  ppt.  with  SO2  in  a 
closed  tank  to  get  ZN  (H  S0s)2,  decant,  filter  and  treat  the  acid  zinc  sulphite  solution 
as  given  below  for  last  part  of  our  improved  method,  i.  e., 

"(c)  to  the  sulphate  solution  in  a  closed  tank  add  the  proper  amount  of  CA 
(H  S0i)2  plus  some  free  SO2,  to  obtain  a  precipitate  of  CA  SO4  and  a  solution  of 
sulphates  and  ZN  (H  SOi)s  in  dilute  H2SO1;  decant,  filter,  wash  under  pressure,  into 
a  closed  precipitating  vessel.  Heat  and  from  this  solution  release  the  first  molecule 
of  SOs,  thus  obtaining  a  solution  of  remaining  sulphates  and  a  precipitate  of  zinc  sul- 
phite. Wash  with  H2O;  decant  and  filter;  press  the  ZN  SOj.  Bemove  zinc  sulphite 
to  a  Rankin- Westling  rotary  tant-iron  retort  and  drive  off  SO2,  and  obtain  technically 
pure  zinc  oxide.  While  still  hot,  drop  into  cold  distilled  water  to  render  less  crystalline, 
if  desired. 

Oliver  C.  Ralston,*  Salt  Lake  City,  Utah. — I  am  asked  to  take  up 
in  general  the  hydrometallurgy  of  zinc.  I  will  try  to  state  the  situation 
rather  briefly.  At  the  present  time  at  least  17  different  corporations  or 
individuals  are  conducting  experiments  larger  perhaps  than  the  test  tube — 
that  is,  tests  of  100  lb.  or  more — and  doubtless  a  great  many  of  the  large 
zinc  corporations  are  quietly  carrying  on  work,  although  it^is  very  hard 
to  find  out.  Of  those  17,  over  half  are  processes  consisting  in  general  of 
leaching  with  sulphuric  acid,  with  electrolytic  precipitation  in  view, 
and  a  few  are  leaching  with  hydrochloric  acid,  or  metal  chlorides,  with 
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electrolytic  precipitation  in  view.  The  other  processes,  two  of  which 
you  have  heard  to-night,  the  Rankin  process,  just  discussed  by  Mr. 
Arentz,  and  the  Bretherton  process,  as  well  as  the  dry  chloridizing  proc- 
esses, are  somewhat  different.  There  seems  to  be  no  diflBculty  in  getting 
zinc  into  solution.  There  is  one  plant  in,  Russia  operating  commercially, 
I  think,  on  about  30  tons  of  ore  per  day,  consisting  of  a  limestone  having 
6  per  cent,  of  zinc  as  carbonate,  and  they  actually  leach  that  out  with 
sulphuric  acid  and  make  money  on  it.  They  have  a  special  method  of 
precipitation  with  a  depolarizer  of  iron.  In  England  is  a  notable  plant, 
the  Bruner-Mond  Alkali  Works,  which  has  been  going  for  years,  using  up 
a  calcium  chloride  waste  as  a  source  of  chloride  ions,  and  getting  the 
zinc  into  solution  as  a  chloride  from  certain  roasted  zinc  ores.  They 
have  been  precipitating  electrolytic  zinc  supposedly  99.6  to  99.96  per 
cent,  pure,  and  I  was  informed  to-day  that  they  get  l|c.  to  25c. 
per  pound  extra  for  that  pure  zinc.  •  In  Germany  for  years  there  has  been 
one  plant,  designed  by  Hoepfner,  precipitating  zinc  electrolytically. 
The  exact  details  of  the  industrial  electrolysis  of  zinc  sulphate,  or  of  zinc 
chloride  solutions,  have  never  been  published.  They  are  of  such  a 
nature  necessarily  that  if  they  were  to  be  published  these  companies  would 
have  too  much  competition,  and  destroy  their  own  trade — supposedly. 
Very  recently  work  has  been  going  on  in  California  at  Bully  Hill,  in 
which  very  good  cathode  deposits  of  zinc  have  been  made,  but  we  imder- 
stand  that  to  precipitate  electrolytically  requires  a  great  deal  of  capital, 
and  it  is  practically  a  rich  man's  process;  it  does  not  apply  to  any  small 
work  in  zinc.  That  I  think  covers  pretty  well  the  present  situation  in 
regard  to  zinc  hydrometallurgy.  Recent  work  in  England  has  shown 
that  zinc  can  be  precipitated  in  the  presence  oif  iron  by  an  application  of 
certain  retardation  and  over-voltage  phenomena,  getting  aWery.  good 
deposit  of  zinc,  and,  moreover,  the  over-voltage  prevents  many  bub- 
bles of  hydrogen,  which  formerly  caused  trouble  in  the  way  of  trees, 
spongy  zinc,  and  other  such  deposits  of  the  zinc,  which  are  undesirable. 

D.  A.  Lyon,  Salt  Lake  City,  Utah. — The  idea  of  igneous  concentra- 
tion is  illustrated  by  the  Fink  process,  with  which  some  of  you  who  are 
present  are  familiar.  In  this  process,  the  furnace  is  a  revolving  cylinder 
which  somewhat  resembles  a  trough  copper  converter.  After  it  is 
charged,  the  furnace  is  revolved  while  being  heated,  and  air  is  blown 
through  the  charge.  In  this  way,  the  zinc  is  oxidized.  As  before  stated, 
this  process  illustrates  what  is  meant  by  igneous  concentration.  This 
manner  of  recovering  zinc  from  its  ore  appeals  to  a  great  many.  They 
believe  it  is  the  ultimate  solution  of  the  zinc  problem.  However,  one  of 
the  disadvantages  of  igneous  concentration  is  tjiat  after  you  get  your 
precipitate,  or  whatever  form  you  get  your  zinc  in,  it  is  liable  to  be  very 
fluffy  and  hard  to  handle. 

Mr.  Swart. — This  morning  I  was  introduced  to  a  gentleman  in  the 
lobby,  and  he  looked  at  me  and  said:  "Oh  yes,  you  are  the  zinc  man/'  in 


THE   METALLURGY  OF  ZINC  2713 

the  same  sort  of  a  tone  as  though  I  might  be  the  ice  man  or  the  milk  man. 
I  suppose  that  means  that  they  feel  sorry  for  the  man  who  is  in  the  zinc 
business.  We  feel  sorry  for  ourselves,  and  we  have  good  reason  to  do  so. 
The  fact  is  that  no  one  can  predict  just  what  is  going  to  happen  in  the 
metallurgy  of  zinc.  The  losses  discussed  in  the  paper  just  read  are 
not  all  of  one  kind  and  cannot  all  be  corrected  in  the  same  way.  Some 
of  them  are  hopeless  losses,  I  am  afraid.  The  loss  of  zinc  in  smelter 
slag  is  one  decidedly  important  loss,  but  in  that  same  slag  iron  is  lost  as 
well  as  zinc.  Is  it  fundamentally  any  worse  to  lose  the  zinc  than  the 
iron?  This  iron  may  not  be  worth  as  much  per  pound,  but  there  is  more 
of  it  and  it  is  probably  just  as  hopelessly  lost.  We  ignore  this  loss  because 
our  iron  supplies  so  enormously  exceed  our  zinc  supplies  that  the  loss 
of  the  one  seems  trivial  compared  with  the  other,  yet  it  is  all  a  matter 
of  degree,  not  of  kind.  We  have  had  to  make  a  slag  from  iron  to  get  our 
lead  laetal  and  we  have  had  to  use  zincky  ores  for  the  same  reason. 

There  are  some  new  things  in  the  metallurgy  of  zinc,  and  I  was  glad 
Mr.  Lyon  mentioned  them.  I  feel  pretty  well  satisfied,  for  example,  that 
igneous  concentration  is  going  to  work  well,  but  it  is  not  going  to  be 
universally  applicable.  There  doesn't  seem  to  be  anything  universally 
applicable  to  zinc  ores.  Igneous  concentration  is  being  tried  out  now, 
and  in  my  opinion  a  decided  step  in  advance  is  being  thus  taken. 

Lawrence  Addicks,  Chrome,  N.  J. — I  noticed  one  of  the  speakers  in 
the  discussion  said  that  the  very  pure  zinc  commanded  a  premium  of 
2}c.  a  pound.  I  had  always  understood  that  the  difficulties  in  the  way 
of  producing  electrolytic  zinc  were  that  the  cathode  was  so  rough  that  it 
could  not  be  marketed  without  remelting,  entailing  a  metal  loss  almost 
as  high  as  that  of  the  old  fire  process,  and  that  you  couldn't  get  any  more 
for  the  product  than  you  could  get  for  ordinary  spelter.  The  price  of 
zinc  is  so  low  that  it  is  very  difficult  to  justify  the  cost  of  an  elaborate 
process.  I  would  be  interested  in  knowing  for  what  purpose  the  zinc 
which  commanded  so  high  a  premium  was  used. 

Mr.  Swart. — There  is  a  limited  market  for  high-grade  zinc  at  an  ex- 
cess price,  but  it  is  a  very  limited  market.  In  case  any  considerable 
amount  of  spelter  were  produced  and  thrown  on  the  market  by  such  proc- 
esses as  have  been  described,  the  premium  would  surely  disappear.  The 
premium  is  not  2^c.  unless  in  exceptional  cases  in  retail  or  special  lots, 
but  is  considerably  less  than  that  on  larger  contracts,  and  even  these 
contracts  do  not  constitute  what  may  be  called  the  metal  trade.  There 
is  also  another  thing  of  interest,  and  that  is,  that  spelter  made  by  electro- 
lytic processes,  while  it  may  be  chemically  pure,  or  very  nearly  chemically 
pure,  may  stiU  not  have  all  of  the  necessary  physical  qualities.  If  you 
go  into  the  market  to-day  to  buy  spelter,  for  instance,  for  making  a 
special  grade  of  spinning  brass,  and  are  willing  to  pay  a  premium  for 
it,  you  can  get  it,  but  it  won't  be  an  electrolytic  spelter.  It  will  be  made 
by  the  New  Jersey  Zinc  Co.  from  ore  found  in  Virginia  or  Tennessee,  and 
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electrolytic  spelter,  of  which  quite  a  little  has  been  made  and  tried  in 
Europe,  does  not  apparently  give  the  same  results,  in  spite  of  its  greater 
purity.  This  may  be  only  one  of  those  peculiar  trade  prejudices  based  on 
custom  and  inertia,  but  it  exists  and  will  be  difficult  to  overcome. 

S.  E.  Bretherton,  San  Francisco,  Cal. — ^In  regard  to  the  special 
price  of  zinc  made  by  the  electrolytic  process,  I  was  informed  by  the 
chief  chemist  at  Syracuse,  N.  Y.,  two  years  ago,  that  parties  were  mak- 
ing zinc  in  England  by  electrolytic  precipitation,  for  which  they  were 
then  getting  from  l§c.  to  2c  a  pound  premium,  which  I  think  verifies, 
or  helps  to  verify,  the  statement  made  by  Mr.  Ralston,  and  I  took  his 
statement  for  granted  because  such  a  man  could  not  afford  to  make  a  mi^ 
statement.  At  that  time  I  was  looking  into  the  recovery  of  ammonia, 
and  the  losses  of  ammonia  in  the  Solvay  process,  where,  as  you  know, 
they  use  carbonates  of  ammonia  for  making  carbonate  of  soda  and  chlo- 
ride of  lime.  The  last  product  is  mostly  thrown  away.  I  wish  to  state 
further  that  to-night  I  simply  described  the  ammonia-carbon  dioxide 
process  very  briefly,  but  it  is  fully  described  in  the  Bulletin  of  August, 
1913.  I  thought  I  would  mention  this  in  case  any  one  wished  a  detailed 
description  of  it.  In  that  particular  article  I  laid  stress  on  the  fact  that 
the  process  I  described  briefly  to-night  is  not  suitable  for  ores  con- 
taining silicate  of  zinc,  or  silicate  of  copper,  or  ores  containing  an  ap- 
preciable amount  of  arsenic. 

G.  B.  Wilson,  Salt  Lake  City,  Utah. — I  would  like  to  ask  what  this 
particularly  high  grade  of  zinc  is  used  for.  I  presume  it  is  for  the  manu- 
facture of  the  salts  of  zinc. 

Mr.  Bretherton. — That  I  cannot  say.  I  simply  know  that  the 
gentleman  made  that  statement. 


The  Annealing  of  Cold-Rolled  Copper 

Discussion  of  the  paper  of  Earl  S.  Bard  well,  presented  at  the  Salt  Lake  meeting, 
August,  1914,  and  printed  in  BuOeiin  No.  92,  August,  1914,  pp.  2075  to  2094. 

Lawrence  Addicks,  Chrome,  N.  J. — Eleven  years  ago  I  presented  a 
paper  before  the  Institute  of  Electrical  Engineers  covering  this  same 
field,  but  less  comprehensively  than  it  has  been  presented  here,  and  at 
that  time  I  made  a  study  of  the  correspondence  between  tensile  strength 
and  conductivity,  and  found  a  straight-line  relation  between  the  two  as 
you  soften  a  wire  by  annealing,  or  harden  it  by  drawing.  Recalling 
this,  there  is  one  thing  I  want  to  ask  about,  which  I  think  must  be  a 
misprint.  I  notice  on  p.  2081  that  at  the  700°  temperature  there  was 
obtained  a  soft  wire  apparently  without  a  rise  in  conductivity. 

I  might  also  add  that  a  great  deal  of  unpublished  work  along  these 
lines  has  been  carried  out  at  some  of  the  Eastern  brass  wqrks,  an    that 

Digitized  by  VjOOQ  IC 


THE   ANNEALING   OP  COLD-ROLLKD  COPPEB  2715 

it  has  been  found  that  the  temperature  of  annealing  is  affected  by  im- 
purities.   Also  that  the  time  of  exposure  plays  a  part. 

W.  McA.  Johnson,  Hartford,  Conn,  (communication  to  the  Secre- 
tary*)— -In  the  production  of  a  metal  there  is  a  certain  loss.  The  losses 
of  zinc,  as  scheduled  so  clearly  by  Mr.  Lyon  and  Mr.  Arentz,  are  generally 
higher  than  the  losses  of  other  metals,  such  as  gold,  silver,  copper,  and 
lead,  for  two  interdependent  reasons :  zinc  has  sold  for  a  30-year  average  of 
but  5c.  per  pound,  and  is  plentiful  geologically  as  compared  with  the 
other  metals. 

The  peculiar  nature  of  its  reduction  necessitates  a  commercial  mini- 
mum of  22  per  cent,  for  such  carbonates  and  of  30  per  cent,  for  such  sul- 
phides as  go  to  the  retort  plant,  since  the  cost  of  coal  and  labor  per  ton 
of  ore  retorted  is  high.  Accordingly,  concentration  processes — wasteful 
in  metallic  values,  since  blende  is  hard  to  concentrate,  but  cheap  in  opera- 
tion and  in  capital  cost — ^must  be  used  to  raise  the  grade  of  the  ore  so  that 
it  will  be  rich  enough  to  stand  the  $20  to  $30  aggregate  cost  of  freight, 
metallurgical  losses,  and  treatment  charge  per  ton  of  ore.  It  is  a  rigid 
principle  that  it  pays  to  waste  mineral  to  attain  the  maximum  commer- 
cial usufruct. 

In  short,  we  see  that  if  zinc  were  not  so  abundantly  distributed  geo- 
logically that  it  could  stand  heavy  losses  in  mining,  milling,  and  retorting, 
and  other  commercial  and  adverse  fa^ctors,'  it  would  cease  to  exist  as  a 
mietal  of  prime  commercial  importance;  for  any  increase  in  price  cuts  off 
consumption  more  markedly  in  the  case  of  zinc  than  in  the  case  of  other 
metals,  since,  generally  speaking,  its  use  is  not  indispensable. 

At  any  selling  price,  however,  below  6c.  per  pound,  society  can  afford 
to  use  spelter  for  many  purposes,  chief  of  which  is  galvanizing.  There 
are  two  main  reasons  for  the  enormous  growth  of  consumption  of  spelter 
in  galvanizing,  for  which  60  per  cent,  of  the  spelter  is  used:  People  are 
building  things  in  more  permanent  fashion  each  year  and  are  therefore 
using  galvanized  iron  and  steel.  Parenthetically,  let  me  state  my  belief 
that  some  day  steel  bridges  and  structural  steel  in  a  large  way  will  be 
galvanized.  Also  our  use  of  sheet  zinc  for  roofing  material  will  be  com- 
parable to  foreign  consumption.  Furthermore,  the  increase  in  the  selling 
price  of  lumber  has  enormously  increased  the  use  of  galvanized  sheets. 
Considering  conditions  from  several  angles,  we  can  expect  zinc  to  increase 
in  consumption  in  the  future  as  it  has  done  in  the  past  provided  the  price 
does  not  exceed  6c.  per  pound.  Confirmatory  of  this  d  priori  reasoning, 
we  find  that  if  we  extrapolate  Mr.  SiebenthaFs  curve  of  compensated 
spelter  consumption,*  the  consumption  of  spelter  in  the  United  States  by 
1924  should  equal  about  850,000  tons.  It  would  be  impossible  to  pro- 
duce all  this  amount  of  metal  in  the  retort  furnaces  as  now  operated 

•Received  Aug.  20,  1914.  . 
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(where,  indeed,  are  the  laborers  to  come  from  now?),  and  besides  the 
ore  for  this  stupendous  tonnage  can  come  only  by  improved  mining 
and  milling  and  metallutgical    practice. 

Let  us  consider  now  the  influence  of  the  Johnson  process  in  helping 
t6  furnish  this  large  tonnage.  I  had  best  introduce  this  side  of  the  ques- 
tion by  saying  that  with  power  conditions  and  coal  conditions  as  they  are 
in  North  America,  the  Johnson  process  will  not  try  to  compete  with  the 
retort  process  on  ores  high  in  zinc  and  low  in  other  values.  The  reason 
is  plain:  the  cost  of  retorting  a  ton  of  Joplin  ore  is  $10,  and  the  cost  of 
retorting  a  ton  of  Leadville  or  other  Western  sulphide  ore  is  $12.50. 
In  electric  smelting  the  reverse  is  true  and  the  cost  of  treatment  is  less  as 
zinc  tenor  decreases.  That  is,  the  cost  of  treatment  increases  with 
increasing  tenor  of  zinc.  Let  us  assume  as  exactly  true  the  probable 
truth  that  100  lb.  of  slag-making  materials  can  be  smelted  for  5  kw-hr., 
lead  for  5  and  matte  for  10  kw-hr.,  and  that  100  lb.  of  zinc  can  be  smelted 
electrically  for  125  kw-hr.  Then  two  typical  zinc  ores  of  extreme  type 
would  show  up  as  follows: 

Low  Zinc-Lead  Ore,  Roasted 
Zinc,  20;  lead,  15;  matte,  10;  slag,  35  per  cent. 

Zinc 400  lb.  @125  500 

Lead 3001b.  @      5  15 

Matte 200  lb.  @    10  20 

Slag 7001b.  @     5  35 

Kw-hr.  per  ton  of  ore 570 

High-Grade  Zinc  Ore,  Roasted 
Zinc,  70;  lead,  2;  matte,  1;  slag,  7  per  cent. 

Zinc 1,400  lb.  ®  125  1,750 

Lead 40  lb.  @      5  2 

Matte 201b.  @    10  2 

Slag 1401b.  @      5  7 

Kw-hr.  per  ton  of  ore 1,761 

To  simplify  calculation  I  have  assumed  20  per  cent,  of  oxygen  in 
each  case. 

If  we  pay  3  mills  per  kilowatt-hour,  energy  cost  will  be  in  the  first  case 
$1.70  and  in  the  second  $5.28;  at  5  mills  per  kilowatt-hour,  in  the  first 
case  $2.85  and  in  the  second  $8.80.  The  prohibitive  charge  of  $8.80  for 
electrical  energy  in  the  case  of  Joplin  ore  can  be  seen  at  a  glance. 

I  was  fairly  well  convinced  of  the  correctness  of  my  own  reasoning  as 
exemplified  above,  but  when  it  was  corroborated  by  C.  A.  H.  deSaulIes, 
of  the  American  Smelting  &  Refining  Co.,  who  has  extensive  practical 
knowledge  of  the  zinc  business,  I  felt  absolutely  sure  that  the  proper  line 
of  development  of  .the  Johnson  electric  zinc  furnace  lay  in  zinc-lead  smelt- 
ing.   If  we  add  to  the  above  the  fact  thi^t  there  are^lenty  of  zinc 
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fluxing  ores  containing  lead,  copper,  gold,  and  silver,  with  lime  and  occa- 
sionally fluorspar,  and  consider  that  ourlead  recovery  will  be  higher  than 
that  of  the  lead  furnace,  we  see  the  wisdom  of  starting  zinc-lead  smelting 
rather  than  electric  zinc  smelting  pure  and  simple.  It  is  indubitable 
logic.  The  fact  that  J  there  .are  possibilities  of  saving  labor  in  electric 
smelting  has  also  bearing. 

Exactly  how  all  this  electric  zinc-lead  smelting  will  affect  the  concen- 
trating of  ores  is  unknown.  But  it  can  be  prophesied  when  crude  ore  is 
not  used  that  the  procedure  will  be  to  make  roughly  a  zinc-lead  middlings 
with  considerable  included  galena,  subjecting  the  tailings  to  the  flotation 
process  after  grinding,  then  make  other  sulphide  concentrates,  giving 
clean  tailings.  Any  part  of  the  milling  process  that  would  naturally  give 
a  product  high  in  zinc  would  be  used,  and  this  would  go  to  the  retort 
plant,  whereas  any  stuff  high  in  total  zinc  plus  lead  would  go  to  the 
electric  furnace  plant.  The  marvelous  perfection  that  the  flotation  proc- 
ess has  reached  at  the  Butte  &  Superior  mill  as  a  "clean-all''  on  tailings 
inspires  belief  in  its  large  future  sphere  of  usefulness.  The  electrostatic 
separator  has  several  avenues  of  further  success,  especially  when  the 
copper  sulphate  treatment  to  make  zinc  sulphide  superficially  conduc- 
tive is  employed.  Igneous  concentration,  as  talked  about  by  Mr.  Clerc 
and  done  by  the  late  Mr.  Truax,  has  certain  possibilities,  but  I  do  not 
look  for  it  to  come  about  at  once  nor  to   be  of  much  importance. 

Hydro-tnetallurgical  processes  will  be  used  some  day  when  zinc  ore  is 
scarce  and  chemical  knowledge  is  so  far  advanced  that  laborers  can  make 
a  "Group  II  A  and  Group  II  B  separation"  respectively,  but  that  day 
is  far  distant,  for  quantitative  analysis  writ  large  does  not  spell 
metallurgy. 

The  improvement  in  the  retort  practice  will  surely  become  manifest, 
as  can  be  judged  by  the  increased  tonnage  that  the  plants  in  Kansas, 
Oklahoma,  Illinois,  and  elsewhere  have  attained  in  the  past  10  years.  A 
charge  of  16,000  lb.  of  roasted  Joplin  ore  to  a  320-retort  furnace  would 
have  been  unthinkable  in  1903,  when  13,000  lb.  was  the  standard  charge, 
yet  to-day  16,000  lb.  is  normal.  Unquestionably  machine  charging  and 
discharging  is  about  to  be  practicalized.  I  have  always  been  inclined  to 
larger  retorts,  but  other  practical  retort  men  differ  with  me  in  this  respect. 

Along  with  this  improvement  in  retorting  and  the  advance  in  electric 
smelting  and  in  milling  methods,  we  can  expect  a  combination  of  processes, 
each  doing  its  own  duty  at  a  maximum  efiiciency.  Considering  the 
probable  increase  in  demand  in  the  United  States  and  the  fact  that  the 
Eur(Q)ean  output,  amounting  to  600,000  short  tons,  is  produced  in 
centers  now  distressed  by  war,  we  can  foresee  that  an  enormous  produc- 
tion will  be  in  demand  in  the  United  States.  This  can  only  be  met  by 
the  united  effort  of  all  zinc  producers  on  this  continent.  The  paper  under 
discussion  will  contribute  to  the  carrying  out  of  such  a  task,  an4*  as  such 
it  is  worthy  of  respectful  attention  and  praise.  Digitized  by  V^OOglC 
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Nodulizing  Blast-Fumace  Flue  Dust 

Discussion  of  the  paper  of  Lawbence  Addicks,  presented  at  the  Salt  Lake  meet- 
ing, August,  1914,  and  printed  in  Bulletin  No.  91,  July,  1914,  pp.  1671  to  1674, 

James  H.  Payne,  Baltimore,  Md.  (communication  to  the  Secretary*). 
— Mr.  Addicks's  account  of  the  behavior  of  the  nodulizer  at  Chrome  on 
blast-furnace  flue  dust  leads  me  to  outline  what  has  been  done  so  far  upon 
the  application  of  the  same  apparatus  to  fine  sulphide  concentrates. 

As  Mr.  Addicks  states  in  his  paper,  the  conditions  prevailing  in  the 
test  kiln  at  Yorktown  in  the  demonstration  I  made  for  him  upon  Chrome 
material  were  strongly  oxidizing;  so  much  so  that  the  sulphur  was  roasted 
down  to  less  than  1  per  cent.  It  is  therefore  to  be  expected  that  the  first 
test  made  upon  sulphide  ore  a  short  time  after  this,  in  which  Ducktown 
green  ore  fines  were  used,  did  not  show  very  promising  results.  Although 
the  Ducktown  ore  contained  only  13.52  per  cent,  of  sulphur  its  gangue 
was  quite  fusible,  and  the  intense  heat  generated  by  the  oxidation  of  the 
extremely  fine  sulphide  particles  slagged  the  mass,  bringing  about  a 
condition  approximating  that  of  a  Bruckner  roaster  in  distress. 

During  the  spring  and  summer  of  1912,  the  writer  kept  working  upon 
different  schemes  to  cut  down  this  slagging.  Two  successful  methods 
were  finally  worked  out  embodying  opposite  prnciples,  one  promoting 
oxidation  of  the  finer  particles  and  the  other  retarding  their  oxidation. 

In  the  early  part  of  the  present  year  the  writer  succeeded  in  interest- 
ing the  Braden  Copper  Co.  in  nodulizing,  with  the  result  that  an  extensive 
series  of  tests  were  made  at  Yorktown  upon  oil-floated  concentrates 
covering  quite  a  wide  range  in  analysis.  These  tests  led  to  trials  in  the 
Chrome  rotary  on  the  part  of  the  U.  S.  Metals  Refining  Co.  of  Minerals 
Separation  concentrates  which  they  had  in  stock,  and  later  to  test  runs 
to  check  up  the  Yorktown  runs  on  Braden  concentrates.  The  large- 
scale  tests  checked  up  with  the  Yorktown  tests  in  every  way  (except 
fuel  consumption,  which  was,  however,  correctly  predicted),  and  led  to 
the^Braden  company's  decision  to  adopt  the  process  at  Braden. 

The  fuel  consumption  upon  oil-floated  concentrates  is  not  over  6  gal. 
per  ton  and  in  many  cases  is  less.  The  action  in  the  furnace  is  independ- 
ent of  the  sulphur  content,  anfl  there  is  actually  less  tendency  to  form 
nose  rings  in  the  Chrome  rotary  than  upon  flue  dust.  It  is  believed  that 
the  improvements  entering  into  the  design  of  the  Braden  kilns  will  cut 
down  the  nose-ring  trouble  to  where  it  will  no  longer  be  a  drawback  to 
the  process. 

The  flue  dust  produced  by  the  kiln  itself  is  practically  nil,  although 
some  of  the  material  treated  has  been  as  fine  as  82  per  cent,  through  100 
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mesh.  This  is  unbelievable  to  metallurgists  familiar  with  the  old  Brtick- 
ner  roaster;  but  the  conditions  are  entirely  different.  The  material  is 
fed  wet  and  what  dust  there  is  precipitates  in  the  atmosphere  of  steam 
at  the  exit  end.  The  material,  furthermore,  is  constantly  moving  down- 
ward to  the  hot  end  and  is  in  a  dry,  dusty  state  but  a  short  time,  soon 
changing  to  a  densified  condition  which  is  no  longer  dust. 

The  amount  of  sulphur  in  the  nodules  is  under  perfect  control.  It 
can  be  as  high  as  15  per  cent,  or  as  low  as  5  per  cent.,  as  may  be  desired. 
The''upper  limit  for  good  working  seems  to  be  about  15  per  cent.,  as  the 
nodules  are  very  sticky  with  higher  sulphur  content.  A  product  running 
13  to  15  per  cent,  sulphur  has  been  readily  obtained  on  all  oil-floated 
concentrates  so  far  tried,  where  the  object  was  to  retain  all  sulphur  pos- 
sible. This  makes  pyritic  blast-furnace  smelting  of  sulphide  concentrates 
possible. 

The  size  and  character  of  the  product  has  varied  with  the  different 
concentrates  tested  so  far,  and  also  with  the  sulphur  content  sought  for. 
When  high  sulphur  is  desired  in  the  product  the  nodules  run  smaller  than 
the  flue-dust  nodules  as  produced  at  Chrome.  They  are,  however,  en- 
tirely free  from  material  that  would  blow  out  of  a  blast  furnace.  A 
number  of  samples  tested  show  from  42  to  45  per  cent,  of  voids. 

Nodulizing  of  sulphide  concentrates,  particularly  oil-floated  concen- 
trates, opens  up  a  new  field,  because  it  makes  pyritic  smelting  of  such 
material  possible.  Further,  the  operation  appears  to  be  such  a  cheap 
one  that  it  may  compete  with  roasting  in  multiple-hearth  furnaces  in 
reverberatory  practice.  If  so,  it  would  be  far  preferable  to  roasting  in 
the  case  of  the  exceedingly  fine  oil-floated  concentrates,  because  of  the 
large  amount  of  dust  that  the  roasters  must  necessarily  produce  on  this 
material. 

R.  M.  Draper,  Chrome,  N.  J. — The  kiln  will  treat  El  Cobre  flotation 
concentrates  very  successfully.  There  does  not  seem  to  be  much  of  a 
tendency  to  form  ring  accretions,  and  those  that  form  are  nearer  the  dis- 
charge end  of  the  kiln,  where  they  may  be  removed  much  more  readily. 
The  temperature  of  the  kiln  is  much  lower  for  concentrates  than  for  flue 
dust  and  the  oil  consumption  much  less.  Our  consumption  of  oil  was 
about  6  to  7  gal.  per  ton  of  concentrates. 

The  nodules  were  very  satisfactory  from  a  blast-furnace  point  of 
view  when  charged  into  the  furnace  cold.  We  did  have  considerable 
trouble  with  crusts  on  the  furnace  if  we  put  in  too  much  of  the  hot  nodules, 
due  probably  to  the  fact  that  they  were  near  the  smelting  point  when 
charged  into  the  furnace  and  naturally  smelted  much  higher  up  in  the 
furnace.  I  think  we  would  have  had  this  difiiculty  with  any  hot  material 
that  was  charged.  In  fact,  we  found  the  same  tendency  to  crust  when 
we  tried  the  experiment  of  charging  hot  converter  slag  into  the  furnace 
several  years  ago.  ^  I 
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The  concentrate  feed  averaged  about  30  per  cent,  sulphur,  and  several 
samples  of  nodules  taken  at  various  times  showed  an  average  of  14  per 
cent,  sulphur.  One  sample  of  nodules  chilled  immediately  in  water 
showed  a  sulphur  assay  of  20  per  cent. 

There  is  no  difficulty  in  averaging  60  tons  of  concentrates  per  day, 
and  I  believe  that  with  a  proper  feeding  device  this  tonnage  could  be 
increased  to  75  tons  per  day. 

There  is  no  question  that  the  greater  the  tonnage  the  less  consumption 
of  oil  per  ton. 

Screen  Test  an  Nodules  from  El  Cobre  Concentrates 

Per  Cent. 

Oversize  (3  in.)  and  i  mesh 25.95 

-  Between      i  and     8  mesh 44.75 

Between     8  and    16  mesh 24.52 

16  and   20  mesh 1.64 

20  and    30  mesh 1 .93 

30  and    40  mesh 0.46 

40  and    60  mesh 0.33 

60  and]  80  mesh 0. 14 

80  and  100  mesh 0.04 

100  and  120  mesh 0.06 

Over  120  mesh 0. 18 


Lead  Smelting  at  East  Helena 

Discussion  of  the  paper  of  Edgar  L.  Nbwhouse,  presented  at  the  Salt  Lake  meeting, 
August,  1914,  and  printed  in  Bulletin  No.  92,  August,  1914,  pp.  1801  to  1806. 

G.  C.  RiDDELii,  East  Helena,  Mont. — ^As  nearly  as  I  can  recall  at  the 
present  moment,  there  are  only  four  or  five  large  plants  on  the  continent 
where  the  lead  on  charge  is  carried  in  the  neighborhood  of  40  per  cent. 
These  are  at  Herculaneum,  Collinsville,  and  Federal,  111.;  Trail,  B.  C; 
and  East  Helena,  Mont.  Our  object  at  the  latter  point  is  to  smelt  a 
maximum  amount  of  Coeur  d'AlSne  lead  sulphides  in  as  compact  and 
self-fluxing  a  charge  as  possible,  and  to  this  end  we  are  now  smelting  a 
mixture  that  at  times  carries  up  to  42  per  cent.  lead. 

The  monotony  of  producing  the  7,000  tons  of  bullion  shipped  each 
month  to  the  Omaha  and  Chicago  refineries  is  relieved  somewhat  by 
the  fact  that  the  15,000  tons  monthly  of  Coeur  d'Alfine  ores  that  are  com- 
ing to  us  carry  enough  zinc  to  provide  the  one-half  slag  used  with  from 
6.5  to  7.5  per  cent,  zinc  day  after  day.  During  the  month  of  March, 
1914,  three  lead  furnaces  in  continuous  operation,  each  136  in.  long, 
averaged  249  tons  per  furnace  day ,  exclusive  of  coke  and  slag  shells,  which 
is  smelting  at  the  rate  of  5.5  tons  per  square  foot  of  tuyfere  area.    The 
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R.  P.  M.  of  the  metallurgist  himself  on  this  40  per  cent,  lead-7  per  cent, 
zinc  operation  are  not  a  matter  of  record,  but  can  perhaps  be  imagined. 

The  presence  of  so  much  lead  on  charge  results  in  a  very  light  slag  fall, 
and  it  is  this  matter  of  the  small  amount  of  slag  produced  per  ton  of  charge 
that  makes  the  local  metallurgy  an  interesting  proposition  at  times. 
One  ton  of  charge  makes  less  than  one-half  ton  of  slag,  comparing  with 
three-quarters  of  a  ton  at  most  plants,  and  with  the  high  lead  burden 
carried  in  the  furnace  charge  there  is  a  great  tendency  for  the  metals  to 
crowd  into  the  slag  produced.  Needless  to  say,  the  lead  is  kept  in  the 
neighborhood  of  1  per  cent,  (wet),  in  the  slag,  only  by  the  most  careful 
refinement  and  control  in  preparing  and  handling  the  charge  at  roasters 
and  feed  floor,  distributing  the  feed  at  the  furnace  top,  manipulating  the 
furnace  itself,  and  by  attention  to  the  type  and  analysis  of  the  slag. 

While  the  slag  fall  is  abnormally  light,  the  matte  fall  in  this  operation 
is  exceedingly  heavy.  The  Cceur  d'Alfine  ores  that  form  the  basis  of  our 
operation  carry  in  the  neighborhood  of  10  to  13  per  cent,  sulphur,  and  90 
per  cent,  of  the  smelting  stock  is  composed  of  these  roasting  ores.  No 
other  one  item  must  be  so  carefully  watched  for  its  effect  on  the  blast- 
furnace metallurgy  as  the  matter  of  preparing  in  the  roasting  department 
a  hard,  firm,  satisfactorily  sintered  roasted  product,  low  in  sulphur. 

We  have  under  way  at  East  Helena,  at  the  present  time,  a  very  inter- 
esting and  promising  series  of  roasting  experiments,  designed  to  cut  the 
matte  fall  of  the  past  few  years,  15  to  16  per  cent.,  down  to  7  or  8  per  cent. 
The  blast  roasting  of  these  zincky  lead  ores  has  hitherto  left  a  residual 
sulphur  of  4  to  5  per  cent,  in  the  sintered  product,  but  at  the  close  of  a  long 
series  of  experiments  on  both  the  H.  and  H.  and  the  D.  a,nd  L.  processes 
we  have  recently  hit  upon  a  combination  of  the  D.  and  L.  and  the  H.  and 
H.  which  brings  this  final  sulphur  down  to  from  2  to  2.5  per  cent.  A  trial 
run  with  this  combination  process  on  100  tons  of  charge  was  entirely 
successful  from  the  roasting  point  of  view  and  we  are  now  making  a 
2,000-ton  test,  to  check  up  the  first  run  and  to  demonstrate  the  behavior 
of  this  sintered  product  on  the  blast  furnace  itself.  If  the  test  comes  up 
to  expectations,  and  to  the  preliminary  run,  a  detailed  description  of  the 
method  will  perhaps  be  of  interest  to  those  members  directly  concerned 
with  the  smelting  of  high-lead  charges,  and  will  be  forthcoming  later. 

R.  C.  Canby,  Wallingford  Conn.— Mr.  Riddell  says  they  adhere  to 
the  Eilers-type  slag  on  the  charge,  placing  emphasis  on  that.  I  would 
like  to  ask  how  closely  they  adhere  to  that  type  of  slag? 

Mr.  Riddell. — We  still  do  that,  at  the  East  Helena  plant,  although 
in  doing  so  we  do  not  feel  that  it  is  a  necessity.  As  we  change  over  from 
one  smelting  campaign  to  another,  we  generally  move  from  one  well- 
defined  slag  type  to  another.  That  is  to  say,  if  the  two-fifth  type  at  any 
time  becomes  too  irony  for  the  ore  situation,  we  go  to  a  0.444,4)ne-half , 
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five-eighth,  or  a  three-fourth  slag.  The  0.444  is  not  an  Eilers  type, 
by  the  way,  but  we  feel  in  general  that  the  closer  we  stick  to  a  definite 
type  slag,  the  longer  does  the  furnace  shaft  remain  free  from  accretions, 
and  the  better  does  the  crucible  behave.  While  we  recognize  the  Eilers 
types  as  good  slags,  we  feel  that  we  have  found  a  number  of  other  types 
that  can  be  used  to  advantage  when  the  occasion  requires. 


Smelting  Lead  Ores  in  the  Blast  Furnace 

Discussion  of  the  paper  of  Irvino  A.  Palmer,  presented  at  the  Salt  Lake  meeting, 
August,  1914,  and  printed  in  Bullelin  No.  91,  July,  1914,  pp.  1447  to  1460. 

L.  S.  Austin,  Salt  Lake  City,  Utah. — With  the  union  of  the  Guggen- 
heim interests  and  the  American  Smelting  &  Refining  Co.  in  1900,  compe- 
tition among  the  lead-smelting  companies  appeared  to  have  been  largely 
eliminated.  This  condition  prevailed  for  but  a  short  time,  owing  to  the 
erection  of  smelteries  by  competing  companies.  Naturally,  as  competi- 
tors, the  older  companies  endeavored  to  keep  improved  methods  to  them- 
selves, not  realizing,  it  would  appear,  that  such  knowledge  could  never 
be  bottled  up,  but  would  drift  into  the  common  field  of  practice.  Of  late 
it  has  begun  to  be  felt  that  more  is  gained  than  lost  by  adopting  a  franker 
and  more  open  policy.  The  line,  however,  is  drawn  in  giviug  details  of 
costs,  which,  fully  known,  it  is  felt,  would  be  taken  advantage  of  by  a 
rival. 

As  Mr.  Palmer  says,  steady  and  substantial  progress  has  been  made, 
and  latterly,  I  may  add,  the  improvements  have  been  radical. 

Sintering  by  the  Huntington-Heberlein  method  or  with  Dwight- 
Lloyd  machines  has  effected  an  important  saving  over  reverberatory 
roasting,  the  cost  being,  say,  50  to  75c.,  as  compared  with  $2  per  ton 
by  the  older  method.  Moreover,  the  large  use  of  a  sintered  product  has 
resulted  in  doubling  blast-furnace  tonnage.  However,  the  change  has 
not  been  an  unmixed  blessing,  as  in  the  machiue  roasting  little^  time 
can  be  given  to  the  breaking  up  of  the  blende,  and  it  has  been  impossible 
to  decompose  largely  the  zinc  sulphide,  so  detrimental  in  later  blast- 
furnace treatment.  The  satisfactory  roasting  of  the  blende  is  still  an 
unsolved  problem.  Nor  is  this  all.  For  the  best  reduction  it  has  been 
found  that  a  part  of  the  change  should  be  crude  (unsintered)  ore,  indicat- 
ing that  the  already  fused  material  is  only  too  ready  to  change  to  slag, 
thus  lessening  the  opportunity  for  better  reduction. 

So  far  as  the  mechanical  handling  of  ores  is  concerned,  the  importance 
of  the  saving  to  be  effected  has  perhaps  been  exaggerated.  To  be  sure 
such  mechanical  handling  has  been  reduced  to  a  low  figure,  but  even 
15  years  ago  it  was  cheaply  done.  Philip  Argall  gave  the  cost  of  un- 
loading, sampling,  and  coarse  crushing  (the  ore  being  delivered  in  the 
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bins)  at  the  mill  of  the  Metallic  Extraction  Co.,  Florence,  Colo.,  at 
lie.  per  ton.  Cutting  such  costs  in  two,  or  to  SJc.  per  ton,  makes  no 
important  saving,  especially  when  we  consider  the  interest  on  the  greater 
cost  of  a  present-day  installation. 

Referring  to  the  boshing  of  the  furnace,  the  introduction  of  air,  the 
height  of  ore  column,  and  the  feeding,  interrelated  factors  as  they  are, 
I  would  say: 

It  is  a  matter  of  observation  for  30  years  or  more  that  after  a  furnace 
has  arrived  at  a  certain  shape  during  its  campaign,  owing  to  shaft  accre- 
tions, it  will  drive  faster.  With  no  extended  flue  system  or  bag  house, 
as  in  earlier  practice,  it  was  necessary  that  the  furnace  should  be  expanded 
at  the  top  of  the  ore  column  in  order  to  prevent  the  formation  of  excessive 
flue-dust,  and  for  the  same  reason  the  furnace  was  run  slowly.  To-day, 
with  the  large  tonnages  put  through,  this  is  no  longer  possible.  The  air 
rises  through  the  charge  at  an  estimated  velocity  of  22  ft.  per  second,  as 
against  5  ft.  per  second  in  early  practice.  But  with  the  removal  of  the 
fines,  and  with  the  aid  of  the  flue  system  and  the  bag  house,  such  rapid 
running  is  now  quite  possible. 

The  notion  that  the  shape,  size,  and  direction  in  which  the  tuyeres 
are  pointed  are  of  importance,  seems  to  me  absurd.  Of  course  such 
openings  through  the  jackets  should  be  ample,  but,  that  penetration  is  in 
any  way  modified,  conforms  neither  to  reason  nor  to  practice.  The  air 
enters  the  furnace  and  rises  through  the  charge  by  the  path  of  the  least 
resistance,  often  an  intricate  and  winding  way.  A  partly  slagged-over 
tuyere  takes  the  air,  not  straight  forward  into  the  furnace,  but  through 
cracks,  openings,  and  cavities  and  so  to  the  more  open  part  of  the  charge. 
This  air  is  not  to  be  recognized  as  a  gust  of  wind  traversing  a  free  space, 
but  rather  as  air  pent  up  and  seeking  to  escape  where  it  can  most  easily 
pass  through. 

As  respects  the  height  of  column,  the  older  notion  was  "to  increase 
the  ore  column  in  order  to  give  more  time  for  reduction."  That  idea  we 
must  give  up.  Furnace  gases,  in  a  well-working  furnace,  carry  no  more 
than  5  per  cent,  of  CO.  We  know  that  this  gas  so  diluted  has  but  little 
reducing  power.  Moreover,  it  has  less  than  a  second  in  which  to  perform 
reduction  even  with  a  high  column.  Actually,  reduction  must  be  due 
to  the  action  of  the  glowing  coke  in  the  melting  zone. 

I  have  already  referred  to  the  path  of  the  air  by  channels  of  the  least 
resistance.  Hence  the  importance  of  suitable  mechanical  feed,  supple- 
mented by  trimming  the  furnace  by  hand,  so  that  the  rising  air  escapes 
uniformly  from  the  surface  of  the  charge. 

The  matter  of  slag  composition  was  threshed  out  years  ago,  and  the 
literature  of  the  subject  is  extensive  and  conclusive.  Clean  slags  were 
made  then  and  fumacing  was  done  with  as  much  skill  as  to-day.  In 
some  of  the  discussions  the  chemical  language  of  "oxygen  ratio  and  of 
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single  and  bisilicate  types"  was  used,  but  practically,  as  now,  percentage 
composition  was  carried  in  mind.  We  speak  to  this  day  of  a  whole,  a 
threeyquarter,  etc.,  slag,  but  it  is  only  a  convenient  way  of  designating  a 
type.  At  no  time  in  the  past  generation  did  we  think  that  a  slag  was  other 
than  a  complex  silicate  with  alumina  and  zinc  sulphide  not  a  constituent 
of  that  silicate,  but  dissolved  in  it.  Quite  in  the  past,  as  is  also  now  the 
case,  only  fuel  enough  was  used  to  give  a  hot  slag  of  the  proper  fluidity. 
With  our  high  tonnages  the  exothermic  reactions  of  slag  formation  take 
place  more  quickly  and  so  more  energetically,  and  hence  the  lower  per- 
centage of  coke  that  can  be  used.  We  have  the  disadvantage,  too, 
owing  to  the  use  of  mechanical  charging,  that  the  metallurgist  cannot,  as 
in  the  hand-charging  days,  closely  see  and  study  the  phenomena  of  feeding, 
the  action  of  blow  holes,  the  appearance  of  the  surface  of  the  charge 
and  the  escape  of  the  rising  gases.  Theory  has  had  to  replace  in  part 
actual  observation. 

In  this,  the  Utah  smelting  center,  the  complaint  is  that,  as  the  oxidized 
surface  ores  have  been  replaced  by  sulphides  (especially  blende),  the 
difficulties  of  smelting  have  increased.  To  take  care  of  this  zinc  sulphide, 
a  more  irony,  less  limy,  and  consequently  less  siliceous,  slag  has  been 
made.  The  high-lime  slags  are  better  suited  to  ores  low  in  zinc.  The 
disadvantage  of  the  more  basic  slags  is,  however,  that,  due  to  the  lessened 
difference  between  them  and  the  matte,  separation  is  less  complete. 
This  brings  into  consideration  the  question  of  the  use  of  the  settling 
furnace;  because  of  high-zinc  slags,  it  has  been  tried  and  rejected  in 
numerous  instances. 

It  is  the  practice  to  send  back  to  the  blast  furnace  slag  shells  and  other 
foul  slag,  with  the  idea  that  such  additions  aid  in  the  smelting  operation 
— ^viz.,  that  slagged  material  would  promote  the  formation  of  new  slag, 
while  incidentally  its  contained  silver  and  lead  would  be  largely  recovered. 
Slag  additions  displace  new  charge,  and  it  now  appears  that  it  will  pay 
better  to  waste  all  the  slag.  We  have  to  remember  that  it  is  now  high 
in  zinc  and  in  sulphur,  both  elements  we  are  glad  to  be  rid  of. 

It  is  a  fact  that  may  be  forgotten  that  when  the  slag  is  running  cold, 
analysis  shows  that  the  iron  content  is  low,  and  the  metallurgist  proceeds 
to  increase  it,  when,  were  he  to  increase  fuel,  he  would  find  that  the  iron 
would  rise  to  the  required  figure. 

Were  I  to  predict  in  what  direction  we  may  hope  for  radical  improve- 
ment in  lead  smelting,  I  would  say  that  it  would  be  in  the  use  of  the 
reverberatory  furnace,  principally  because  of  the  saving  in  fuel,  or  a 
reduction  to  60c.  per  ton  of  materials  smelted,  against  90c.  per  ton  as  now 
prevailing.  One  of  the  first  objections  to  suggest  itself  would  be  the 
difficulty  of  preventing  the  hearth  from  coming  up  and  the  leakage  of  lead 
into  the  foundation.  However,  in  refining  both  lead  and  copper  such 
hearths  can  be  maintained.     The  next  point  would  be,  that  should  escap- 
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ing  gases  be  filtered  in  a  bag  house  there  would  be  their  high  temperature 
to  overcome.  However,  since  in  passing  the  waste-heat  boiler  that  tem- 
perature has  been  largely  reduced,  the  necessary  further  cooling  should 
not  be  difficult.  Moreover,  we  have  the  Cottrell  system  as  another 
method  to  fall  back  upon.  In  operation  coal  would  haye  to  be  added  to 
the  charge  and  no  doubt  the  fire  carried  with  a  neutral  or  reducing  flame. 
Reverberatory  smelting  has  the  advantage  that  to  correct  the  charge 
carbonaceous  material,  fluxes,  oxidized  ores,  or  roasted  material  could  be 
added  at  any  time,  and  that  the  charge  need  be  tapped  only  when  ready. 
There  would  be  no  tap-hole  difficulties,  no  slagged  tuyeres,  no  hearth 
and  shaft  accretions  to  interfere.  The  molten  contents  of  the  furnace 
could  be  inspected  and  tested.  There  would  be  little  or  no  flue  dust, 
though  no  doubt  considerable  fume  would  have  to  be  caught. 

L.  D.  Anderson,  Midvale,  Utah  (communication  to  the  Secre- 
tary*).— Some  further  light  has  recently  been  obtained  on  certain  points 
naentioned  in  Mr.  Palmer's  paper.  With  respect  to  the  angle  of  the  bosh 
in  the  furnace  lines,  a  rebuilt  furnace  of  only  about  10°  or  11°  has  been 
running  beside  furnaces  of  the  old  angle  of  over  20°.  As  far  as  observed, 
the  new  furnace  seems  to  run  much  hotter  and  obtain  a  larger  percentage 
of  lead  contents  as  direct  bullion  output.  The  matte  fall,  however,  is 
considerably  smaller,  and  it  is  necessary  to  carry  more  sulphur  on  the 
charge  in  order  to  maintain  this  fall  high  enough  to  insure  clean  slags. 
Judging  from  slag  analysis  and  percentage  of  matte  fall,  the  narrower 
furnace  bums  off  half,  and  even  more,  of  the  sulphur  as  SO2  as  compared 
to  only  a  third,  or  less,  for  the  wider  furnace.  In  these  instances  both 
furnaces  are  48  in.  at  the  tuyeres,  the  difference  in  width  being  in  the 
stack.  The  narrower  furnace  would  appear  to  be  superior  to  the  wider 
one  in  that  it  has  less  tendency  to  forni  awkward  hanging  crusts,  its 
crucible  stays  hotter,  and,  considerable  heat  being  supplied  by  the  com- 
bustion of  the  sulphur,  a  noticeable  saving  in  fuel  consumption  can  be 
effected.  These  remarks  apply  to  rather  coarse  charges;  for  fine  charges 
the  differences  would  not  be  so  marked. 

I  feel  that  the  matter  of  the  correct  furnace  shape  is  yet  far  from  being 
settled.  Every  metallurgist  has  undoubtedly  noticed  that  often  after  a 
furnace  has  been  in  blast  for  some  time  its  work  improves  and  the  slags 
become  surprisingly  clean.  Furnaces  have  been  observed  with  crusts 
in  them  so  heavy  as  to  make  it  seem  almost  imperative  to  take  them  out 
of  blast,  whose  slags  nevertheless  were  so  clean  as  to  make  the  metal- 
lurgist reluctant  to  disturb  them,  until  finally  blowing  out  becomes 
imperative  on  account  of  the  reduced  tonnage.  Experiences  of  this  kind 
lead  to  speculations  as  to  whether  better  reductions  might  not  be  obtained 
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by  making  the  shaft  walls  converging  instead  of  diverging,  somewhat 
after  the  lines  of  the  iron  blast  furnace.  In  other  words,  why  not  make 
the  furnace  of  the  ideal  shape  at  the  outset,  instead  of  waiting  for  it  to 
form  its  own  "natural"  shape  and  running  all  the  chances  of  irregularity 
in  the  formation  of  the  crusts? 

In  this  matter  of  furnace  shape  there  also  comes  in  the  question  of  the 
amount  of  lead  which  it  is  reasonable  to  permit  in  the  flue  dust.  An 
old,  heavily  crusted  furnace  tends  to  "blow  through"  and  to  produce  an 
excessive  amount  of  flue  dust,  high  in  lead.  It  has  been  found  that, 
other  things  being  equal,  the  percentage  of  lead  in  the  flue  dust  or  the 
bag-house  dust  is  a  good  index  of  the  work  accomplished  in  smelting  as  a 
whole.  Theoretically  the  bag  house  catches  all  the  metals  escaping  from 
the  blast-furnace  tops.  In  practice,  however,  it  does  not  actually  save 
them  entirely.  Bag-house  and  flue  dust  have  to  be  rehandled,  and  in  the 
course  of  the  rehandling  several  losses  occur.  Careful  observation  shows 
that  when  the  lead  in  the  various  dusts  is  maintained  at  the  minimum 
the  percentage  of  recovery  will  reach  its  maximum.  For  this  reason 
daily  assays  of  the  bag-house  dust  and  adjustment  of  furnace  conditions 
so  as  to  maintain  a  low  lead  content  in  the  dusts  will  prove  of  great  value 
in  the  problem  of  keeping  the  metal  losses  at  a  minimum.  The  experiences 
leading  to  these  conclusions  appear  to  corroborate  Mr.  Palmer's  remark? 
on  the  high  lead  losses  experienced  at  plants  whose  slags  were  most  ad- 
mirable for  cleanliness,  but  which  had  apparently  not  given  full  attention 
to  the  matter  of  volatilization  losses. 

Mr.  Palmer's  remarks  on  the  desirability  of  a  freer  exchange  of  blast- 
furnace experiences  are  warmly  seconded.  Independent  smelters  are 
freely  visited  by  ofiicials  of  the  larger  corporation.  The  industry  as  a 
whole  suffers  when  a  policy  of  uncommunicativeness  prevails.  The 
handling  of  the  blast  furnace,  after  all  is  said  and  done,  becomes  finally 
a  matter  of  personal  judgment.  Exchange  of  ideas  on  details  can  there- 
fore have  scarcely  any  effect  on  competition,  while  it  will  promote  the 
tone  of  the  entire  profession. 


Digitized  by 


Google 


THE  LEACHING  OF  COPPER   ORES  2727 

The  Leaching  of  Copper  Ores 

Discussion  of  the  papers  of  Fbedebich  Laibt  and  Harold  W.  Aldsich,  Fbbderich 
Laist  and  F.  F.  Frick,  W.  L.  Austin,  and  Stuart  Croasdai«b,  presented  at 
the  Salt  Lake  meeting,  August,  1914,  and  printed  in  BrdUHns  No.  91  and  92, 
July,  and  August,  1914. 

R.  C.  Canby,  Wallingford,  Conn,  (communication  to  the  Secretary*). 
— ^Apropos  of  the  experimental  reduction  of  copper  from  cuprous  chloride 
by  fusion  with  ground  limestone  and  coke,  as  described  by  Messrs. 
Laist  and  Frick,  and  also  proposed  for  use  at  Chuquicamata,  it  might  be 
of  interest  to  refer  briefly  to  the  experience  at  Argentine,  Kan.^  in  the 
smelting  of  the  suboxide  of  copper  (as  produced  in  the  Hunt  and  Douglas 
process)  containing  appreciable  quantities  of  chlorides. 

In  the  Engineering  and  Mining  Journal  of  June  10,  1911,  I  gave  some 
account  of  what  had  appeared  to  be  crucial  difficulties  with  the  Hunt  and 
Douglas  process,  and  how  the  filter-press  difficulty  had  been  so  rapidly 
overcome  after  my  discovery  of  the  efifect  of  the  sodium  salts  in^^the 
leaching  solutions.  I  also  described  the  effect  of  the  cupola  furnace  gases 
upon  the  lime  rock  with  which  I  had  replaced  the  coke  in  the  absorption 
tower,  which  apparently  showed  the  presence  of  considerable  chlorine, 
due  to  the  imperfect  conversion  of  the  subchloride  to  suboxide,  as  well  as 
that  due  to  the  difficulties  of  washing  thoroughly  the  suboxide  with  the 
naeans  provided,  and  also  to  the  presence  of  chlorides  in  the  cement  copper 
which  was  smelted  with  the  suboxide. 

The  fumes  from  the  cupola,  when  issuing  direct  into  the  atmosphere, 
were  very  dense  and  white,  except  when  a  hot  furnace  top  caused  a 
reddish  tinge  due  to  dust.  These  fumes  had  a  peculiarly  suffocating  effect, 
so  that  when  they  were  blown  over  into  the  town  the  population  suffered 
the  greatest  actual  distress,  not  the  mere  annoyance  which  would  have 
been  due  to  a  disagreeable  odor.  The  absorption  tower  had  been  built 
at  the  instance  of  the  city  authorities  to  abate  this  nuisance,  and  not  with 
the  idea  of  making  any  additional  metal  savings. 

A  serious  feature  in  connection  with  the  Argentine  experience  with  the 
Hunt  and  Douglas  process  was,  that  it  had  been  implicitly  assumed  that 
there  could  be  no  metal  loss  in  the  Hunt  and  Douglas  process  itself,  and 
that  all  attempts  to  locate  the  ruinous  copper  losses  which  were  accumu- 
lating in  the  metallurgical  accounts  were  devoted  to  the  roasting  depart- 
ment. It  is  possibly  unfortunate  for  metallurgical  advance  along  these 
particular  lines  that  just  about  the  time  of  this  discovery  of  this  previ- 
ously unsuspected  volatilization  loss,  in  the  smelting  of  the  suboxide, 
the  Kansas  City  company  m^de  a  contract  with  the  Western  Union 
Telegraph  Co.  for  its  supply  of  copper  sulphate  and  the  Hunt  and  Douglas 
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process  was  abandoned,  the  plant  being  remodeled  into  a  copper  sulphate 
works.  I  regretted  this,  as  I  had  confidence  that  by  a  more  suitable 
manipulation  these  volatilization  losses  could  have  been  overcome,  thus 
giving  an  ideal  treatment  for  lead-furnace  matte,  in  which  the  lead, 
silver,  and  gold  values  were  so  promptly  converted  into  bullion,  and  in 
which  the  copper  was  equally  prompt  in  being  placed  in  marketable  form. 
It  is  obvious  that  the  conditions  attending  the  proposed  reduction  of 
the  cuprous  chlorides  by  admixture  of  lime  and  smelting  with  coke  are 
very  different  from  those  which  obtained  in  the  smelting  of  the  suboxide, 
but  the  metallurgical  experience  at  Argentine  was  such  as  to  indicate  that 
in  the  practical  application  of  the  proposed  treatment  of  the  cuprous 
chloride  the  greatest  care  must  be  taken  to  maintain  the  proper  condi- 
tions, otherwise  there  undoubtedly  will  be  very  considerable  volatilixa- 
tion  losses. 

Lawrence  Addicks,  Chrome,  N.  J. — I  think  this  question  of  whether 
a  process  shall  be  wet  or  dry  is  a  good  deal  of  a  temperance  one.  Some 
ten  or  fifteen  years  ago  there  was  a  good  deal  of  intoxication  over  wet 
methods,  which  was  not  justified,  and  the  result  was  that  the  use  of 
liquor  became  rather  unpopular  for  a  while,  and  we  had  a  prohibition 
period.  I  think  now  it  is  largely  local  option.  We  have  to  realize  that 
every  one  of  these  cases  has  to  be  dealt  with  as  a  particular  problem, 
and  there  is  no  fixed  process  that  will  apply  to  all  cases. 

I  felt,  in  looking  over  these  papers,  that  electrolytic  deposition  was 
in  need  of  a  champion,  and  I  want  to  say  a  few  words  on  that  subject. 
I  have  been  particularly  interested  in  this  subject  the  last  three  months 
in  doing  some  work  for  Phelps,  Dodge  &  Co.,  and  I  have  been  astonished 
to  find  under  what  adverse  conditions  it  was  possible  to  get  good  de- 
posits. A  coherent  deposit  premises  a  suflScient  number  of  copper 
ions  in  contact  with  the  cathode  to  satisfy  the  current.  You  can  get 
this  by  having  a  solution  very  heavy  in  copper,  or  a  solution  considerably 
lighter  in  copper,  but  with  a  very  rapid  circulation.  The  ordinary 
electrolytic  refiner  has  a  handicap  which  is  entirely  absent  in  leach 
liquors:  namely,  the  presence  of  gold  and  silver  slimes  at  the  anode, 
which  cannot  be  disturbed  by  any  violent  circulation,  or  there  will  be 
prohibitive  silver  and  gold  losses  in  the  cathode.  I  believe  also  that 
we  are  wrong  in  looking  at  this  problem  as  a  cyclical  one,  rather  than  a 
continuous  one,  and  that  it  would  be  better  to  consider  the  use  of  liquor 
quite  high  in  copper,  say  3  per  cent.,  take  it  down  to  2  and  2J  per 
cent.,  run  that  back  into  the  tanks  and  make  up  the  half  per  cent,  that 
is  missing,  and  then  back  to  the  electrolytic  tanks.  In  this  way  you 
get  better  depositing  conditions,  and,  when  studied  over,  it  is  not  so  bad 
from  the  leaching  point  of  view.  Of  course,  that  means  counter-current 
washing  of  the  ore  in  order  to  bring  the  liquor  up  to  the  necessary  strength 
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for  the  depositing  tanks,  and  indicates  the  use  of  Dorr  thickeners,  or 
something  of  that  kind. 

The  question  of  the  wash  water  bringing  up  the  bulk  is  very  easily 
dealt  with  in  the  very  dry  climates  out  West,  by  using  a  cooling  tower 
and  evaporation,  to  get  reduction  of  bulk. 

Now  as  a  depolarizer,  using  a  carbon  anode  iron  is  the  real  depo- 
larizer in  most  cases,  even  though  sulphur  dioxide  may  be  introduced. 
Iron  is  almost  always  present,  and  it  is  a  very  efficient  depolarizer.  We 
found  in  the  experiments  at  Douglas  that  it  is  quite  possible  to  con- 
sider working  voltages  as  low  as  tV  and  tV  volt.  The  depolarizer 
requires  circulation  in  order  to  bring  fresh  iron  sufficiently  close  to  the 
surface  of  the  anode.  With  such  voltages  we  aim  to  obtain  a  recovery 
of  3  lb.  every  kilowatt  hour. 

There  were  one  or  two  questions  that  I  wanted  to  ask,  in  case  any- 
body could  give  me  any  information.  One  is  regarding  the  appar- 
ently remarkable  wood  out  in  this  country,  which  seems  to  hold  acid 
liquors,  which  wood  won't  do  in  the  East.  I  am  used,  in  all  my  ex- 
perience in  electrolytic  work,  to  see  wood  after  an  exposure  to  sulphuric 
acid  reduced  to  a  soft  charcoal,  which  you  can  poke  your  finger  through. 
If  redwood  will  stand  acid  to  the  extent  which  my  brief  observation  in- 
dicates, I  don't  see  that  there  is  any  problem  entailing  the  use  of  as- 
phalt mixtures  and  other  protective  coatings  for  this  work. 

The  other  question  I  wanted  to  put  was  whether  any  one  here  has 
had  experience  in  the  restraining  of  the  solution  of  impurities  by  carry- 
ing the  liquor  with  which  you  leach  very  high  in  those  impurities.  The 
real  problem  in  Arizona  is  one  of  alumina,  and  what  to  do  with  it  after 
it  gets  in  solution.  My  idea  was  that  we  might  take  a  solution  so  high 
in  alumina  that  the  amount  dissolved  from  ore  would  be  very  little 
additional.  I  might  also  say  we  have  worked  with  solutions  and  elec- 
trol3rtes  as  high  as  7  per  cent,  alumina,  and  that  we  are  using  in  our 
standard  work  3  per  cent.  AI2O3  and  3  per  cent.  Fe  in  the  liquor  without 
any  trouble  with  the  deposit. 

Stuart  Croasdalb,  Denver,  Colo. — Messrs.  Laist  and  Frick  have 
made  an  excellent  summary  of  the  conditions  which  govern  the  selec- 
tion of  a  precipitation  method  in  leaching  processes  for  copper  ores. 
The  importance  of  a  careful  consideration  of  these  conditions  is  apt 
to  be  overlooked  by  investigators  who  are  over-anxious  to  develop  one 
idea.  The  conditions  in  Anaconda  are  quite  different  from  those  in 
Chile  or  even  those  in  Arizona,  and  a  method  of  precipitation  that  is 
adapted  to  obe  set  of  conditions  might  be  quite  impracticable  in  another. 

From  my  own  experience,  I  believe  the  authors  could  have  obtained 
a  better  absorption  of  hydrogen  sulphide  by  introducing  it  through  a 
diaphragm  of  burlap,  or  of  perforated  sheet  lead  like  that  use^  for  fil- 
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tration  in  chlorination  barrels,  or  through  a  "silica  sponge"  that  was  on 
the  market  a  few  years  ago  for  cyanide  vats.  Any  sort  of  a  diaphragm 
is  much  better  than  perforated  pipes,  provided  the  column  of  solution 
is  not  too  high.  With  this  arrangement,  the  depth  of  solution  should 
not  be  over  6  in.,  and  3  in.  is  better.  The  gas  bubbles  then  have  a 
chance  to  hit  each  other  and  collapse,  thus  forming  a  foam  with  the  so- 
lution, whereas  if  they  have  to  go  through  a  greater  depth  of  solution 
they  are  forced  together  into  large  bubbles  and  of  course  escape  like  so 
many  balloons.  A  launder,  through  which  a  shallow  stream  of  solu- 
tion could  flow  over  the  perforated  bottom,  would  no  doubt  be  a  more 
efficient  precipitating  apparatus  than  a  tank. 

I  believe  it  is  possible  to  make  hydrogen  sulphide  in  quantity  by  a 
more  direct  method  than  by  the  decomposition  of  a  solid  sulphide  with 
an  acid.  I  have  produced  it  quite  readily  by  passing  illuminating 
gas  over  pyrite  at  a  low  red  heat,  but  this  probably  utilized  only  one 
atom  of  sulphur. 

When  pyritiferous  lignite  or  bituminous  coal  is  used  in  a  gas  pro- 
ducer, considerable  hydrogen  sulphide  is  generated. 

These  facts  suggest  that  both  hydrogen  'sulphide  and  power  gas 
might  be  obtained  from  a  gas  producer  by  charging  pyrit-e  with  the 
fuel  and  introducing  steam  in  the  proper  proportion.  A  modifica- 
tion of  the  Hall  process  for  desulphurizing  might  also  yield  the  desired 
results. 

In  making  sponge  iron  it  is  unfortunate  that  these  gentlemen  wasted 
time  and  money  in  duplicating  my  experiments  with  the  multiple-hearth 
furnace  without  making  any  progress  in  that  direction. 

During  August,  1912,  I  made  a  number  of  laboratory  experiments 
on  the  reduction  of  calcines  and  iron  ore,  by  using  coke,  coal,  and  gas 
for  reducing  agents.  These  were  so  encouraging  that  I  went  East  in 
September,  1912,  with  Dr.  Ricketts  and  the  officials  of  the  Calumet  & 
Arizona  Co.,  to  investigate  Jones's  methods  and  those  that  had  been  used 
by  the  various  iron  companies  for  making  sponge  iron. 

While  visiting  the  Pennsylvania  Salt  Works,  in  Philadelphia,  we 
learned  that  Professor  Crabtree,  of  the  University  of  Pittsburg,  had 
been  experimenting  along  this  line  a  year  or  two  before  with  the  Wedge 
muffle  furnace,  but  he  had  neglected  to  make  his  furnace  air  tight,  and, 
after  securing  a  reduction  on  the  upper  hearths,  his  product  oxidized  on 
the  lower  hearths. 

After^  explaining  to  Mr.  Webb,  Secretary  of  the  Furnace  company, 
that  we  wished  to  roast  pyrite  for  acid  making  and  then  reduce  the  cal- 
cines to  sponge  iron  for  a  precipitant,  we  decided  to  order  an  experi- 
mental furnace  of  the  Wedge  double-function  type,  whereby  we  could 
roast  the  pyrite  on  the  three  upper  hearths  and  deliver  the  hot  calcine 
on  the  upper  of  three  muffle  hearths,  where  it  would  be  mixed  with 
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powdered  coal  from  a  feeder  attached  to  the  side  of  the  furnace,  and  be 
reduced  to  sponge  iron  on  the  three  lower  or  mufBie  hearths.  This 
furnace  was  set  up  and  operated  in  Douglas,  Ariz.  We  reached  the  limit 
of  its  possibilities,  and  completed  this  set  of  experiments  by  August, 
1913.  We  learned  what  not  to  do  and  where  our  furnace  was  weak. 
The  only  thing  to  do  was  to  build  a  new  furnace  along  the  lines  I  have 
already  suggested  in  another  paper  before  the  Institute. 

It  seems  that  several  months  later  Messrs.  Laist  and  Frick  dupli- 
cated our  furnace  in  every  essential  detail,  obtained  the  same  results, 
and  stopped  their  set  of  experiments  where  we  were  forced  to  stop. 
Could  they  have  taken  advantage  of  my  experience,  the  time  and  money 
spent  in  duplicating  my  work  would  have  made  substantial  progress  in 
making  sponge  iron  from  calcines  with  a  continuous  furnace.  I  have 
gone  somewhat  into  detail  on  this  subject  because  it  emphasizes  once 
more  the  advantage  of  more  centralized  research  among  companies  in 
the  same  line  of  metallurgy. 

The  days  of  secrecy  have  passed,  and  every  metallurgical  company 
in  the  country  keeps  open  house  for  the  continuous  stream  of  managers, 
superintendents,  and  engineers  of  other  companies  that  go  the  rounds 
"swapping  information."  Some  engineers  still  entertain  an  imaginary 
value  of  patents,  but  these  values  have  less  chance  of  becoming  real 
as  the  exchange  of  information  becomes  more  common.  It  seems  to 
me,  therefore,  that  under  these  conditions  much  greater  and  more 
intelligent  progress  could  be  made  in  all  branches  of  metallurgy,  whether 
it  be  copper,  lead,  or  zinc,  if  metallurgical  companies,  or  at  least  closely 
allied  companies,  would  segregate  their  research  work  into  common 
departments  in  their  respective  lines  and  employ  a  competent  force  of 
engineers,  metallurgists,  electro-chemists,  physical  chemists,  and  others, 
as  might  be  needed  to  meet  the  requirements. 

This  idea  has  been  objected  to  as  being  destructive  of  individuality, 
subject  to  the  petty  jealousies  of  human  nature  and  subject  to  the  loss 
of  unbiased  viewpoints  from  independent  research.  It  seems  to  me 
these  are  all  offset  by  lack  of  progress  and  loss  of  time  and  money  from 
the  detailed  duplication  of  work  which  it  has  been  my  experience  to 
observe. 

To  secure  cheap  iron  from  calcines,  I  think  efforts  should  be  directed 
to  the  development  of  a  continuous  furnace.  Encouraging  results 
are  now  being  obtained  from  a  shaft  type  of  furnace  and  some  experi- 
ments of  my  own,  made  in  September,  1913,  lead  me  to  believe  that  a 
cheap  and  efficient  continuous  furnace  can  be  made  after  this  pattern. 

I  do  not  see  how  sulphur  dioxide  can  ever  become  a  commercial  pre- 
cipitant for  copper  from  solutions  on  a  large  scale.  It  may  be,  as  the 
authors  state,  "highly  attractive  theoretically,"  but  in  leaching  large 
tomiages  of  low-grade  jnaterial,  as  now  planned,  I  do  not  s§g  how  it 

Digitized  by  CjOOQ  IC 


2732  THB  LEACHINQ  OF  COPPER  ORES 

can  be  made  practicable  to  introduce  a  precipitant  into  cold  lixivium 
under  pressure,  then  heat  the  entire  lixivium  to  boiling  under  prepare, 
and  again  cool  to  ordinary  temperature,  in  order  to  get  a  product  that 
has  to  be  treated  by  another  reagent  in  order  to  precipitate  the  copper. 
I  need  not  mention  the  other  difficulties  that  have  been  encountered 
when  using  this  precipitant  in  straight  copper  sulphate  solutions.  It 
is,  of  course,  an  acid  maker,  but  I  believe  acid  can  be  made  more  cheaply 
by  ordinary  methods. 

In  fact,  with  the  average  leachable  ore,  where  more  or  less  iron, 
aluminum,  and  other  elements  pass  into  solution  with  the  copper  and 
the  lixiviants  soon  become  foul,  I  doubt  if  much  advantage  can  ever 
be  obtained  by  any  method  of  dual  precipitation.  The  regeneration 
of  the  lixiviant  is  seldom  complete,  and  such  a  method  involves  the 
construction  and  operation  of  two  distinct  plants  where  cheapness  and 
simplicity  of  operation  are  of  primary  importance. 

'  Dorset  A.  Lyon,  Salt  Lake  City,  Utah. — The  following  statement 
appears  on  p.  1818  of  the  August  BuUetin:  "When  the  copper  to  be  ex- 
tracted is  found  mineralized  as  a  sulphide  the  use  of  sulphuric  acid  as 
lixiviant  necessitates  breaking  up  the  sulphur  combinations  by  roast- 
ing in  order  that  the  metal  can  be  brought  into  soluble  form.  This 
operation,  however,  instead  of  being  a  drawback,  presents  advantages. 
The  expense  of  roasting  is  light,  for  it  is  very  effectively  and  cheaph' 
carried  out  in  modern  mechanical  furnaces."  I  would  like  to  inquire 
from  those  who  have  had  experience  along  this  line  whether  they  be- 
lieve this  to  be  true. 

Frederick  Laist,  Anaconda,  Mont. — I  would  like  to  reply  to  Mr. 
Lyon's  question,  and  also  to  say  a  few  words  in  reply  to  Mr,  Croasdale's 
and  Mr.  Canby's  discussion. 

I  hardly  think  that  any  saving  of  lixiviant  due  to  roasting  would 
balance  the  cost  of  roasting  in  the  treatment  of  low-^ade  ore.  The 
amount  of  soluble  copper  formed  during  the  roasting  operation  would 
not  cause  the  saving  of  much  sulphuric  acid.  It  would  certainly  not 
save  an  amount  of  sulphuric  acid  which  would  balance  the  cost  of  roast- 
ing, particularly  when  the  leaching  plant  is  located  at  a  smelter  where 
acid  can  be  made  around  $3  per  ton. 

Regarding  Mr.  Croasdale's  remarks  on  the  absorption  of  hydrogen 
sulphide,  I  am  quite  certain  that  a  much  better  absorption  than  we  ob- 
tained could  be  gotten  and  that  a  more  suitable  apparatus  than  we  used 
could  be  designed.  The  question  with  us,  however,  was  whether  hy- 
drogen sulphide  could  be  made  cheaply  enough  from  a  low-grade  copper 
matte  to  justify  its  use  as.  a  precipitatant.  We  never  questioned  the 
possibility  of  getting  a  complete  absorption. 

When  we  undertook  to  solve  the  problem  of  profitably  recovering 
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the  copper  from  our  sand  tailings  by  leaching,  some  three  years  ago, 
we  decided  to  do  the  work  thoroughly  and  to  try  out  every  method  of 
precipitation  that  offered  hopes  of  success.  Along  with  our  H2S  ex- 
periments we  carried  on  experiments  with  various  other  methods,  such 
as  precipitation  by  sponge  iron,  electrolytic  precipitation,  sulphur  di- 
oxide precipitation,  etc.  It  was  quite  early  in  the  game  that  we  came 
to  the  conclusion  that  while  hydrogen  sulphide  could  undoubtedly  be 
used  and  developed  into  a  commercial  precipitatant,  the  method  would 
not  be  as  satisfactory  as  some  of  the  others  which  were  tried.  Ex- 
perimentation, therefore,  along  this  line  was  dropped  and  hence  there 
was  no  incentive  on  our  part  for  spending  the  money  necessary  to  de- 
velop a  more  satisfactory  type  of  absorption  apparatus  than  that  used 
in  the  preliminary  work. 

Methods  for  the  production  of  sulphuretted  hydrogen,  such  as  pass- 
ing illuminating  gas  over  pyrite  at  a  low  red  heat,  were  tried  by  us, 
but  did  not  give  suflSciently  satisfactory  results  to  compete  with  the 
other  method.  Reactions  of  this  kind  are  generally  very  incomplete 
and  for  this  reason  the  expense  of  heating  the  pyrite  and  making  the 
illuminating  gas  is  high  per  unit  of  H2S  produced. 

As  regards  the  making  of  sponge  iron,  Mr.  Croasdale  sees  fit  to 
criticise  us  for  wasting  time  and  money  in  duplication  of  experiments 
with  the  multiple-hearth  furnace  without  making  any  progress  in  that 
direction.  Both  the  making  of  sponge  iron  and  its  use  for  precipitating 
copper  from  solutions  are  old.  Therefore,  no  one  could  claim  originality 
for  proposing  the  use  of  this  reagent  in  connection  with  the  lixiviation 
work  now  being  carried  on  by  various  companies.  Professor  Lunge 
describes  in  considerable  detail  the  making  of  sponge  iron  and  its  use 
for  precipitating  copper  in  his  work  on  sulphuric  acid  and  alkali.  The 
iron  oxide  which  is  reduced  to  sponge  iron  is  cinder  or  calcine  which 
results  from  the  roasting  of  Spanish  pyrite  after  the  copper  has  been  re- 
moved by  lixiviation.  Soon  after  we  actively  commenced  experimenta- 
tion here  it  occurred  to  us  that  the  iron  which  is  so  abundant  in  our  cal- 
cines might  be  converted  into  a  metallic  form  and  used  for  precipitating 
copper.  We  looked  up  the  subject  of  sponge  iron  and  could  find  records 
of  no  apparatus  devised  for  making  it  which  fully  met  our  requirements. 

During  the  Butte  meeting  of  the  Institute,  in  the  course  of  conversa- 
tion with  W.  McA.  Johnson,  he  suggested  the  use  of  a  muffle-fired 
MacDougall  furnace.  At  that  time,  we  had  not  arrived  at  any  clear 
idea  as  to  what  form  of  reduction  furnace  could  be  used  on  a  large  scale, 
and  we  were  building  a  small  retort  furnace  in  order  to  obtain  several 
hundred  pounds  of  sponge  iron  for  experimentation.  Mr.  Johnson's 
proposal  soimded  pretty  good  to  us  and  we  decided  to  fix  up  one  of  our 
MacDougall  furnaces  and  give  the  method  a  trial.  We  did  not  know 
at  that  time  exactly  what  work  Mr.  Croasdale  was  engaged,  on,  nor 
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would  such  knowledge  have  materially  influenced  our  actions.  The 
cost  of  making  the  experiment  was  not  great,  and  while  it  was  an  abso- 
lute failure,  it  clearly  showed  us  wherein  lay  the  defects  of  the  Mac- 
Dougall  furnace  for  this  kind  of  work  and  served  to  put  us  on  the  right 
track. 

The  MacDougall  furnace  is  admirably  adapted  for  oxidizing,  and  for 
that  very  reason  it  is  not  adapted  for  carrying  on  operations  where  a 
powerfully  reducing  atmosphere  must  be  maintained.  It  is  almost 
impossible  to  entirely  exclude  the  air,  and  it  is  impossible  to  heat  the 
charge  to  the  reduction  temperature  by  means  of  muffles  without  the 
consumption  of  an  excessive  amount  of  fuel.  Moreover,  the  expense  of 
keeping  the  muffles  in  repair  is  prohibitive. 

We,  therefore,  turned  our  attention  to  the  Brueckner  cylinder  as  a 
more  promising  type  of  furnace  for  this  work.  We  rapidly  carried 
o\i\  a  series  of  experiments,  starting  with  a  small  hand-turned  cylinder, 
and  finally  ending  up  with  the  present  8J  by  12  ft.  cylinder,  in  which 
we  are  making  about  20  tons  of  sponge  iron  per  day,  with  a  moderate 
consumption  of  fuel  and  the  production  of  a  high  grade  of  sponge 
iron. 

Mr.  Croasdale  further  criticises  the  use  of  SO2  as  a  precipitatant 
and  thinks  the  expense  of  working  under  pressure,  heating  the  solutions, 
etc.,  must  be  very  formidable  obstacles.  We  naturally  investigated 
these  phases  quite  thoroughly  before  we  did  much  work  along  this  line. 
The  pressures  required  are  moderate  and  involve  no  more  difficulties 
than  blowing  a  converter  charge;  in  fact,  the  pressure  is  the  same  (16 
lb.)  as  is  used  in  converter  practice.  The  saturating  vessel  need  not  be 
closed  provided  it  is  made  sufficiently  high  so  that  the  lower  portions 
of  the  liquid  will  be  subjiected  to  this  pressure.  The  most  expensive 
part  of  the  operation  is  heating  the  solutions.  This  expense  can  be 
materially  lessened  by  the  use  of  counter-current  apparatus  in  which 
the  hot  precipitated  solutions  are  made  to  heat  the  cold  solutions  from 
the  absorber.  Our  calculations  indicate  that  precipitation  by  means 
of  SO2  can  be  accomplished  for  around  $10  per  ton  of  copper,  without 
taking  any  credit  for  the  regenerated  acid. 

I  am  strongly  of  the  opinion  that  where  electrolysis  cannot  be  used, 
owing  either  to  high  cost  of  power,  rapid  fouling  of  the  solutions,  or 
the  necessity  for  maintaining  chlorides  in  the  solutions  owing  to  the 
presence  of  silver  in  the  ore,  precipitation  by  SO2  is  not  only  the  best 
way  out  of  the  difficulty  but  is  an  entirely  practical  method. 

As  Mr.  Canby  states,  the  reduction  of  copper  from  cupreous  chloride 
is  accompanied  by  a  certain  amount  of  volatilization.  This  is  more 
marked  when  cupreous  chloride  is  first  decomposed  by  milk  of  lime, 
as  was  done  in  the  Hunt-Douglas  process,  the  resulting  cupreous  oxide, 
so  called,  being  smelted.    We  found  in  our  experiments  ik&t  the  nrod- 
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uct  obtained  in  this  way  was  a  mixture  of  oxychloride  and  suboxide  of 
copper.  When  you  try  to  smelt  this  the  volatilization  losses  are  very 
heavy.  The  method  that  we  used,  and  which  is  also  proposed  by  Mr. 
Smith  for  Chuquicamata,  does^not  give  the  copper  much  chance  to 
volatilize  because  the  limestone  present  undergoes  double  decomposi- 
tion with  the  cupreous  chloride  long  before  the  volatilizing  point  is 
reached.  Our  experiments  indicate  that  about  5  per  cent,  of  the  copper 
is  volatilized,  75  per  cent,  of  which  could  be  recovered  from  the  fume, 
so  that  the  net  loss  of  copper  would  be  quite  small. 

W.  L.  Austin,  Riverside,  Cal.  (communication  to  the  Secretary*). — 
Replying  to  the  question  raised  by  Mr.  Lyon:  If  a  sulphide  ore  is  to  be 
leached  with  sulphuric  acid  solution  it  must  of  necessity  be  previously 
oxidized,  and  roasting  will  usually  prove  to  be  the  most  economical 
method  of  oxidation.  Roasting  puts  the  ore  in  excellent  condition  for 
leaching.  For  example,  a  slime  that  cannot  be  leached  in  the  state  in 
which  it  is  found  in  a  tailing  pit,  can  be  readily  treated  after  roasting. 
Roasting  furthermore  sulphatizes  lime  present,  and  converts  the  iron 
into  more  or  less  insoluble  ferric  oxide.  Sulphur  dioxide  used  in  the 
electrolytic  vats  as  a  depolarizer  can  be  obtained  from  roaster  gases. 
Roaster  gases  when  used  in  this  way  may  furnish  all  the  acid  required 
for  leaching,  and  may  considerably  reduce  the  amount  of  current  con- 
sumed in  electrolytic  deposition.  For  these  reasons,  roasting,  "in- 
stead of  being  a  drawback,  presents  advantages"  in  many  instances; 
but  of  course  an  ore  both  economically  and  metallurgically  suitable  for 
the  purpose  indicated  is  presupposed.  The  author  had  no  intention 
of  advocating  roasting  all  low-grade  ore  with  a  view  to  saving  lixiviant 
by  production  of  sulphates.  Ore  which  is  amenable  to  leaching  is  un- 
fortunately seldom  found  where  sulphuric  acid  is  obtainable  "around 
$3  per  ton." 

W.  L.  Austin,  Riverside,  Cal.  (communication  to  the  Secretary f). — 
On  p.  1907  of  Mr.  Croasdale's  paper,  Leaching  Experiments  on  the  Ajo 
Ores,  a  table  is  given  showing  the  amoimt  of  acid  consumed  when  leaching 
said  ore  by  percolation.  Analyses  made  of  the  liquors  during  the  second 
and  third  applications  of  lixiviant  indicate  approximately  the  combinations 
entered  into.    The  following  figures  are  taken  from  the  tables  mentioned : 

First  and  last  analyses;  second  lixiviant: 

AliOs,  Fe  (Ferric),  Fe  (Ferrous), 

Per  Cent.  Per  Cent.  Per  Cent. 

0.57  0.49  0.13 

0.94  0.40  0.49 


Second  lixiviant 

9  p.m 

H2SO4, 
Per  Cent. 
...       10.31 
0.72 

Cu, 

Per  Cent. 

0.9 

3.0 

-9.59 

+  2.1 

+  0.37  -0.09  +0.36 

'  Received  Sept.  18,  1914.  t  Received  Sept.  26^914. 
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Assuming  that  these  several  metals  were  present  in  the  lixivium  as 
sulphates,  the  following  quantities  of  acid  may  be  accounted  for: 

Per  Cent. 

H2SO4  taken  up  by  the  copper 3.24 

H,S04  taken  up  by  the  AljOt 1.06 

HjS04  taken  up  by  the  Fe  (ferrous) 0,63 

4.93 
H2S04  released  by  the  Fe  (ferric) 0.24 

Total  acid  consumption  accounted  for 4.69 

Free  acid  unaccounted  for 4.90 

With  the  third  application  of  lixiviant  the  account  runs  as  follows: 

H1SO4,           Cu,  AljOs,  Fe  (Ferric),  Fe  (Ferrous), 

Per  Cent.  Per  Cent.  Per  Cent.  Per  Cent.        Per  Cent. 

Third  lixiviant 10.00            0.4  (0.58)             0.16                0.26 

9  p.m 1.44            2.64  0.98              0.56                0.54 

-8.66       +2.14       +0.4  +0.39  +0.28 

Per  Cent. 

H2SO4  taken  up  by  the  copper. 3.3 

H»S04  taken  up  by  the  AliOt. 1.16 

H«S04  taken  up  by  the  Fe  (ferrous) 0.49 

HaSO*  taken  up  by  the  Fe  (ferric) 1.02 

Total  acid  consumption  accounted  for 6.96 

Free  acid  unaccounted  for .* 2.6 

In  the  analysis  given  on  p.  1884  the  oxidized  ore  is  shown  to  contain 
0.56  per  cent.  CaO,  but  it  is  reasonable  to  assume  that  this  was  neutralized 
by  the  first  lixiviant,  and  as  apparently  the  three  lixiviations  were  carried 
out  on  one  charge,  the  small  amount  of  CaO  present  in  the  ore  could  not 
have  influenced  acid  consumption  in  the  second  and  third  lixiviants. 
There  are  no  other  elements  mentioned  in  the  analyses  which  might  ac- 
count for  the  excess  acid  consumption.  As  free  acid  in  large  quantiti^ 
was  removed  from  the  lixiviant,  it  must  have  gone  into^'combination  with 
something,  and  consumption  of  acid  has  an  important  economic  bearing 
on  leaching  porphyritic  ore  with  sulphuric  acid.  On  p.  1912  it  is  stated 
that  3.6  lb.  H2SO4  (not  commercial  acid)  was  consumed  on  the  average 
per  pound  of  copper  dissolved. 

Furthermore,  it  is  shown  in  the  diagram  on  p.  1908  that  in  the  initial 
stages  of  the  treatment  free  acid  is  used  up  very  rapidly,  out  of  all  pro- 
portion to  the  copper  going  into  solution.  It  would  add  to  the  value  of 
Mr.  Croasdale's  excellent  paper  if  he  would  throw  further  light  upon  the 
points  raised. 

In  general,  when  a  comparatively  weak  sulphuric  acid  lixiviant  is 
used,  the  copper  in  oxidized  ore  is  for  the  greater  part  removed  before  the 
other  elements  are  seriously  affected,  whereas  a  strong  (10  per  cent,  add,) 
lixiviant  attacks  all  bases  simultaneously.    The  objection  made  by  Mr. 
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Croasdale  to  the  use  of  a  weak  lixiviant — ^namely,  that  neutralizing  alka- 
linity in  the  ore  needlessly  consumes  time — ^might  be  overcome  by  making 
the  lixiviant  stronger  in  the  beginning,  and  then  canying  on  the  operation 
with  a  weaker  solution. 

The  writer  has  found  in  some  cases  that  by  reducing  an  oxidized  ore  to 
16  mesh,  and  violently  agitating  with  a  strong  acid  solution,  the  copper 
can  be  dissolved  in  a  surprisingly  short  time  without  undesirable  quanti- 
ties of  other  elements  appearing  in  the  lixivium.  In  this  way  it  is  some- 
times possible  to  dissolve  the  metal  with  an  acid  consumption  of  less  than 
1  lb.  H2SO4  per  pound  of  copper  extracted. 

Some  tests  made  to  determine  the  effects  of  lixiviants  of  varying  acid- 
ity in  dissolving  copper  from  oxidized  ore  showed  that  with  a  certain 
percentage  of  acid  the  lixiviant  acted  practically  on  the  copper  alone. 
When  a  certain  point  was  passed  the  acid  was  rapidly  consumed  without 
correspondingly  effective  action  on  the  copper. 

In  connection  with  acid  consumption  at  Ajo,  it  would  be  interesting 
to  know  what  proportion  was  neutralized  by  CaO  in  the  concrete  of  which 
the  v^ts  were  constructed.  Concrete  will  stand  ^a  cupriferous  solution 
carrying  1  or  2  per  cent.  H2SO4  fairly  well,  but  it  is'  rapidly  eaten  into 
when  10  per  cent,  solutions  are  used. 

Stuaet  Croasdale. — The  table  on  p.  1907  referred  to  by  Mr.  Austin 
was  prepared  only  for  the  relative  value  of  the  results  shown. 

In  my  leaching  operations  it  was  impracticable  to  remove  each  lixivi- 
ant completely  before  adding  another,  or  even  to  allow  a  space  between 
the  two,  on  account  of  the  danger  of  entrapping  some  air,  which  would 
have  a  tendency  to  produce  channels  or  imperfect  leaching  after  the  ore 
had  been  once  saturated.  Therefore,  as  soon  as  the  first  lixiviant  was 
drawn  down  to  the  top  of  the  charge,  the  second  lixiviant  was  a]pplied. 
I  then  continued  to  draw  ofif  the  first  lixiviant  until  its  estimated  volume 
was  removed,  before  I  began  the  circulation  of  the  second  lixiviant,  but 
there  was  always  an  indefinite  and  considerable  amount  of  the  first  lixivi- 
ant retained  by  the  ore,  which  became  mixed  with  the  second  lixivi- 
ant as  soon  as  circulation  began.  The  same  would  be  true  of  the  second 
and  third  lixiviants,  so  it  would  be  impossible  to  account  for  the  acid 
consumption  from  these  percentages  alone,  as  Mr.  Austin  has  figured  it. 

The  acid  consumption  per  pound  of  copper  dissolved,  as  given  on 
p.  1912,  was  found  by  determining  the  percentage  of  acid,  the  specific 
gravity,  and  the  volume  of  all  solutions  and  wash  waters.  It  was  also 
estimated  by  determining  the  combined  acid  from  the  analyses  of  these 
solutions  at  the  end  of  a  test  or  clean  up  from  75  to  100  or  more  tons  of 
ore. 

As  shown,  these  results  are  3.6  and  3.15  respectively,  which  is  a 
very  close  check,  considering  the  slight  but  unavoidable  errors  in  making 
free-acid  determinations  in  solutions  containing  salts  of  iron,  aluminum, 
and  copper. 
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Electrical  Fume  Precipitation  at  Garfield 

Discussion  of  the  paper  of  W.  H.  Howard,  presented  at  the  Salt  Lake  meeting,  August, 
1914,  and  printed  in  Bulletin  No.  92,  August,  1914,  pp.  2029  to  2046. 

Edgar  M.  Dunn,  Anaconda,  Mont. — Mr.  Howard's  contribution  to 
the  literature  on  the  Cottrell  method  of  electrostatic  precipitation  of 
flue  dust  and  fume  at  Garfield  has  been  read  by  us  with  peculiar  interest 
for  the  reason  that  we  have  been  experimenting  with  the  same  process  at 
Anaconda  for  the  past  eight  or  nine  months,  with  a  view  to  adapting  it, 
under  the  direction  of  Dr.  Cottrell  and  the  supervision  of  J.  O.  Elton  and 
D.  R.  Kellogg,  representing  the  Anaconda  Smelter  Commission,  to  the 
treatment  of  very  large  volumes  of  gases,  using  large  pipe  treaters  and 
various  forms  of  electrodes,  with  about  150,000  volts  rectified  current. 
For  the  amount  of  gas  to  be  treated  here  the  5-in.  pipe  means  a  cost  for 
installation  that  is  practically  prohibitive,  due  to  the  tremendous  number 
of  pipes  required,  and  we  have  been  trying  to  cut  installation  costs  by 
increasing  the  size  of  the  pipes.    All  of  our  work  is  still  in  the  experimental 
stage,  but  we  have  obtained  good  clearance  on  our  mixed  roaster  and  con- 
verter gases  with  a  3-ft.  pipe  treater  20  ft.  long,  and  with  5  ft.  velocity 
therein;  and  with  a  discharge  electrode  of  a  single  No.  29  nichrome  wire 
set  in  the  middle  of  the  3-ft.  pipe,  with  a  consequent  electrode  spacing 
of  18  in.    The  current  used  has  been  150,000  to  160,000  volts,  and  of 
course  there  have  been  troubles  galore,  relating  particularly  to  insulation 
and  rectifying.    Blast-furnace  gases  did  not  give  so  good  clearance, 
probably  due  to  relative  poverty  in  moisture  and  SOs  content  of  blast 
gases  to  roaster-converter  gases;  making  the  blast  gases  the  poorer  in 
conductivity.     Our  experience  has  been  so  satisfactory  that  in  our  next 
experimental  plant — ^built  on  a  somewhat  larger  scale — we  shall  attempt 
a  4-ft.  treater  with  greater  electrode  spacing,  and  a  somewhat  higher 
voltage— up  to  220,000. 

As  to  fractional  precipitation,  mentioned  by  Mr.  Howard,  this  idea 
was  tried  out  at  Anaconda  last  year  (1913). 

Formerly  our  furnaces  (Bruntons)  roasting  flue  dust  for  the  recovery 
of  white  arsenic,  passed  so  great  an  amount  of  dust  to  the  settling  kitchens 
that  refining  of  this  arsenical  product  was  necessary  to  eliminate  the  5 
to  20  per  cent,  dust  contained  therein.  Consequently  the  manufacture 
of  AS2O8  was  effected  in  two  stages,  with  a  reverberatory  roast  of  the  first 
product  to  obtain  the  final  99.5  per  cent.  AsjOj. 

Part  of  the  dusting  trouble  was  due  to  too  high  a  temperature  and 
draft  in  the  first  roasting  furnace,  and  we  are  now  installing  new  furnaces 
of  another  type  to  volatilize  the  arsenic  trioxide  in  the  dust  recovered 
from  our  fiues.    This  process  is  simply  one  of  volatilization  (physical 
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change)  of  the  AssOa  present  in  the  flue  dust;  no  chemical  change 
of  an  appreciable  nature  occurs  in  the  best  practice,  the  arsenates  con- 
tained in  the  dust  not  being  commercially  reducible  below  a  smelting 
temperature. 

Fractional  precipitation  was  used  last  December  to  separate  the 
AsgOs  from  the  dust  carried  along  from  the  first  roasting  furnace  in  the 
gas  stream.  Two  treaters  were  used.  In  the  first — gases  entering  hot, 
310®  C. — practically  all  of  the  dust  was  precipitated;  while  in  the  second 
— gases  cooled  to  90°  C.  by  admission  of  air — white  arsenic  of  99.7  per  cent, 
was  directly  thrown  down;  fractional  precipitation  thus  eliminating  the 
refining  furnace  formerly  necessary. 

Our  new  flue-dust  roasting  furnaces  will  be  equipped  with  fractional 
precipitation  treaters,  thus  saving  the  cost  of  refining  the  crude  product; 
their  operation  must  still  be  regarded  as  experimental,  due  to  change  in 
type  of  roasting  furnace.  We  hope  to  furnish  complete  results  to  the 
Institute  at  an  early  future  date. 

Finally,  we  note  with  regard  to  Mr.  Howard's  report  of  experiments 
at  Murray  on  fractional  precipitation,  that  "  as  high  as  95  per  cent,  of 
the  total  precipitate  was  collected"  in  the  first  treater  at  an  average 
entering  temperature  of  125**  C;  while  in  the  second  treater  (average 
entering  temperature  70°  C.)  ''most  of  the  remaining  dust,  acid,  and 
water,  approximating  4  per  cent.,  was  collected." 

This  might  lead  one  to  believe  that  the  first  treater  was  but  95  per 
cent,  efficient.  A  moment's  thought,  however,  will  bring  out  the  fact 
that  the  efficiency  of  the  first  treater,  ai  its  temperature^  must  have  been 
close  to  100  per  cent. ;  the  change  in  vapor  tension  between  125°  and  70° 
rendering  additional  acid  and  water  precipitable  at  the  lower  temperature 
of  the  second  treater.  In  other  words,  had  the  gas  contained  vapors 
capable  of  precipitation  between  70°  and  atmospheric  temperature,  a 
third  treater  (or  a  lowering  of  the  temperature  in  the  second  treater) 
would  have  recovered  those  vapors  in  the  liquid  or  solid  state. 

F.  G.  CoTTRELL,  San  Francisco,  Cal. — There  is  very  little  I  can  add 
to  Mr.  Howard's  paper  except  a  word  of  appreciation  for  his  energy  and 
ability  in  carrying  this  work  through  to  completion.  As  most  of  you 
doubtless  remember,  the  work  on  this  same  general  subject  which  was 
under  way  several  years  ago  at  the  Balaklala  smelter,  in  California,  was 
terminated  by  that  smelter  shutting  down  on  account  of  fume  troubles, 
in  which  at  the  time  no  very  definite  segregation  was  attempted  as  to  the 
part  played  respectively  by  dust  and  sulphur  dioxide. 

Although  that  installation  ran  for  only  a  few  months,  and  was  really 
never  thoroughly  completed,  it  served  to  bring  the  process  forward  to  a 
scale  large  enough  to  give  an  idea  of  what  could  be  done  in  the  collection 
of  values,  and  Mr.  Howard  was  the  man  among  the  members  of  the  smelt- 
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ing  profession  who  took  enough  mterest  in  the  work,  saw  the  possibilities 
with  sufficient  clearness,  and  had  the  courage,  in  the  face  of  the  skepticism 
of  many  of  his  associates  and  official  superiors,  to  take  the  work  up  purely 
as  a  matter  of  saving  values.  The  process  thus  entered  on  this  second 
stage  which  he  has  so  admirably  carried  through  at  Garfield. 

Looking  backward  on  the  history  of  the  work,  it  appears  doubtful 
whether  it  would  ever  have  lived  through  the  difficulties  encountered  in 
its  early  stages  had  it  not  appeared  as  a  possible  solution  of  the  life  and 
death  struggle  some  of  the  plants  were  then  making  in  the  courts  on  fume- 
damage  suits.  But  once  these  early  difficulties  were  passed  and  the  work 
was  placed  on  a  reasonably  definite  and  certain  basis  as  an  established 
method,  its  general  importance  to  the  industry  and  the  interest  now  taken 
in  it  have  rapidly  come  to  center  chiefly  around  the  collection  of  values 
previously  lost  in  the  smoke. 

The  work  at  Garfield,  as  you  know,  is  aimed  primarily  at  the  saving 
of  values  from  the  converter  flue.  The  degree  of  recovery  attained  at  the 
Balaklala  plant  appealed  to  Mr.  Howard  as  amply  warranting,  even  at 
that  stage,  its  operation  on  converter  flues,  aside  from  any  question  of 
fume  nuisance.  In  the  present  plant,  with  the  lack  of  any  direct  dis- 
turbance from  that  cause,  it  should  be  possible  to  gain  a  thorough  knowl- 
edge of  what  can  be  done  on  the  recovery  of  values.  In  the  meantime, 
of  course,  as  Mr.  Dunn  has  told  you,  the  work  has  gone  on  at  other  places, 
largely  due,  I  feel  sure,  to  the  stimulating  effect  of  Mr.  Howard's  own 
confidence  and  example.  A  plant  nearly  the  size  of  that  at  Garfield  is 
already  running  at  the  Trail  lead  smelter  in  British  Columbia. 

I  feel  that  Mr.  Howard  is  to  be  very  heartily  congratulated  on  the 
successful  way  in  which  he  has  carried  out  this  work  in  the  face  of  a  great 
many  difficulties,  some  of  which  I  have  had  opportunity  to  see  and  know 
as  the  work  progressed. 

I  have  with  me  a  few  samples  of  the  material  collected  on  the  Anaconda 
work  which  I  thought  might  be  of  interest  in  this  general  connection,  as 
they  illustrate  in  a  rather  striking  manner  the  possibilities  of  fractional 
precipitation  suggested  by  Mr.  Howard  in  his  paper  and  further  empha- 
sized by  Mr.  Dunn's  discussion.  In  this  set  [exhibiting  samples]  there 
are  three  bottles  numbered  1,  2,  and  3.  No.  1  is  the  original  feed  to  the 
arsenic  furnaces  in  one  of  the  experiments  of  Anaconda;  No.  2  is  the  dust 
precipitated  in  the  first  precipitating  imit — that  is,  precipitating  the  dirt 
out  of  the  arsenic  at  a  temperature  still  retaining  the  greater  part  of  the 
arsenic  in  the  form  of  a  gas;  and  No.  3  is  the  refined  arsenic  precipitated 
in  a  subsequent  electric  treater  after  chilling  by  admixture  of  cold  air. 
The  gray  of  the  original  flue  dust,  the  almost  jet  black  and  the  snow 
white  colors  respectively  of  the  impurities  reihoved  and  the  refined  arsenic 
obtained  serve  to  make  this,  as  you  notice,  a  very  good  illustration  of  the 
principle. 
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A  Comparison  of  the  Huntington -Heberlein  and  D wight-Lloyd  Processes 

Diflcussioii  of  the  paper  of  W.  W.  Nobton,  presented  at  the  Salt  Lake  meeting,  August, 
1914,  and  printed  in  Bulletin  No.  92,  August,  1914,  pp.  1993  to  1999. 

Akthub  S.  Dwight,  New  York,  N.  Y. — Mr.  Norton's  chief  argument 
is  directed  against  the  idea  that  the  D.  &  L.  sinter  is  any  better  material 
for  the  blast  furnace  than  the  H.  &  H.  product.  He  supports  this  by  citing 
two  experimental  furnace  runs. 

Reducibility, — ^To  discuss  a  furnace  record  Hke  that  quoted  by  Mr. 
Norton  for  the  five  days'  run  in  August,  1912,  is  manifestly  difiicult  for  an 
outsider,  but  a  possible  explanation  for  the  poor  reduction  on  Furnace  No. 
5,  smelting  D.  &  L.  sinter,  may  he  in  the  fact  that  both  sets  of  furnaces 
carried  the  same  fuel  charges.  Other  things  being  equal,  if  11 J  per  cent, 
coke  was  right  for  the  furnaces  smelting  H.  &  H.  product,  it  was  too  much 
for  the  furnace  smelting  D.  &  L.  product,  as  I  shall  endeavor  to  show  later, 
and  incipient  overfire,  accompanied  by  higher  leads  in  slag  and  matte,  was 
induced.  It  may  sound  like  a  paradox  to  say  that  excessive  fuel  some- 
times produces  poor  reduction,  but  it  is  a  sad  fact. 

In  certain  plants  where  practically  the  entire  charge  to  the  blast  fur- 
naces receives  a  preliminary  treatment  by  being  sintered  on  the  D.  &  L. 
,'nachines  the  peculiarities  of  this  problem  have  had  to  be  very  carefully 
/jtudied,  for  serious  metallurgical  difficulties  presented  themselves  when 
the  change  was  first  made  to  D.  &  L.  sinter  in  large  quantities.  Some  of 
these  plants  had  blast  pots  before  they  had  D.  &  L.  machines,  and  many 
opportunities  were  afforded  for  comparative  study  of  this  very  point. 
There  is  reason  to  believe  that,  due  to  the  long  period  of  blowing  and  the 
"liigher  temperatures  developed  in  the  pots  from  greater  mass  action,  the 
iron  in  the  H.  &  H.  product  is  present  chiefly  as  Fe203,  perhaps  in  the  form 
of  ferrites,  while  in  the  D.  &  L.  product  the  iron  is  present  as  FeO.  The 
fuel  charge  in  the  blast  furnace  must  be  so  proportioned  as  to  exactly  meet 
the  chemical  and  thermic  requirements  of  reduction  and  melting.  If  any 
of  these  functions  have  been  performed  before  the  material  enters  the  fur- 
nace, a  corresponding  allowance  should  be  made  or  the  fuel  balance  will 
be  disturbed  and  bad  work  will  result.  One  of  the  functions  of  the  coke 
is  to  reduce  enough  metallic  Fe  for  the  matte  requirements,  leaving  the 
remainder  of  the  iron  as  FeO  to  go  into  the  slag.  In  smelting  almost  any 
other  material  than  D.  &  L.  sinter  the  iron  must  be  reduced  from  the 
higher  oxides,  Fe203  or  Fe304,  to  the  protoxide,  FeO,  before  a  true  com- 
parative basis  is  reached.  Experience  has  shown  that  with  about  one- 
half  D.  A  L.  sinter  on  the  charge  the  coke  should  be  cut  about  10  per  cent. 
This  theoretical  benefit  is  borne  out  by  the  practical  blast-furnace  results 
on  a  large  scale  in  numerous  plants.  In  fact,  wherever  this  very  impor- 
tant factor  is  ignored  the  evil  symptoms  of  excessive  fuel  will  be  indicated, 
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one  of  which  symptoms  is  a  diminished  furnace  speed  with  tendency  to 
overfire,  and,  as  every  metallurgist  knows,  this  is  likely  to  be  accompa- 
nied by  poor  reduction  in  slags  and  mattes,  especially  if  the  mechanical 
features  of  the  problem,  such  as  size  of  lumps  and  distribution  in  the 
furnace,  have  not  been  correctly  adjusted.  This  general  fact  has  been 
quite  convincingly  proved,  at  least  to  my  own  satisfaction,  by  the  nu- 
merous cases  where  I  have  been  called  upon  to  observe  diflSculties  and 
recommend  remedies  in  connection  with  the  growing  use  of  D.  &  L. 
sinter  in  smelting  operations. 

To  put  the  matter  tersely,  and  emphasize  the  important  point  I  wish 
to  make,  the  successful  smelting  of  D.  &  L.  sinter  not  only  permits  of 
economy  of  coke,  but  actually  demands  it. 

Furnace  Speed. — In  the  furnace  record  of  Aug.  12  and  13,  1912,  when 
the  furnaces  smelting  D.  &  L.  sinter  ran  a  trifle  slower  than  those  with 
H.  &  H.  product,  it  is  to  be  noted  that  the  former  carried  580  lb.  iron  ore 
on  the  charge,  while  the  latter  required  1,140  lb.  iron  ore,  indicating  that 
the  D.  &  L.  sinter  was  itself  very  high  in  iron.  It  is  well  established  that  a 
very  basic  sinter  does  not  smelt  as  fast  as  one  in  which  the  proper  pro- 
portion of  Si02  and  FeO  for  the  slag  is  approximately  maintained.  This 
may  or  may  not  be  the  reason  in  this  case,  but  it  is  worth  mentioning. 

The  following  figures  were  furnished  me  some  time  ago  as  giving  the 
comparison  of  average  furnace  speeds  in  a  certain  plant  where  the  char- 
acter of  the  charge  sent  to  the  blast  furnace  was  gradually  improved  by 
the  introduction  of  modern  methods  of  preliminary  treatment.  The  fur- 
naces in  question  were  48  by  162  in.  (54  sq.  ft.)  at  the  tuyeres,  and  the 
averages  were  taken  over  considerable  periods  of  time. 

Average  Tons         „  VT  x 

a    ^  J  Square  Foot 

Smelted  per  ^J*  _^,    . 

„  JC  Hearth  Area 

Fumaoe  Day  ^^ 

per  Day 

(1)  With  Bruckner  roaster  product 180  3.3 

(2)  With  Huntington-Heberlem  product 200  3.7 

(3)  With  H.  &  H.  product  and  ore  fines  largely 

removed  by  screening 227  4.2 

(4)  With  Dwight  &  Lloyd  product  and  ore  fines 

largely  removed  by  screening 285  6.3 

Case  (4)  shows  a  gain  of  25  per  cent,  over  case  (3). 

In  another  Western  plant  the  addition  of  D.  &  L.  sinter  to  the  charge 
increased  the  furnace  speed  from  140  tons  per  day  to  176  tons  per  furnace 
day,  a  gain  of  25  per  cent. 

In  still  another  case  the  increase  was  from  180  tons  to  210  tons,  an 
increase  of  17  per  cent. 

These  are  from  the  reports  of  the  managers  and  can  be  easily  verified. 
Many  others  could  be  given.  ^  I 
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Low  Melting  Point. — Mr.  Norton  expresses  his  belief  "that  a  partly 
fused  or  'predigested'  combination  may  tend  to  poor  results  rather  than 
to  good  results  when  smelted,  for  the  reason  that  such  substances  fuse  at 
too  low  a  temperature  in  the  furnace." 

I  f ul  y  recognize  this  as  a  possibility  and  indeed  a  probability  when 
D.  &  L.  sinter  is  treated  without  due  regard  to  its  properties,  but  I 
positively  assert  that  such  tendency  can  be  quickly  and  easily  met  with 
no  change  from  ordinary  standard  furnace  equipment,  and  with  distinct 
fuel  economy,  as  has  already  been  pointed  out. 

A  very  pertinent  citation  on  this  point  is  the  experience  of  a  certain 
smelter  superintendent  who  had  to  carry  a  considerable  amount  of  leady 
converter  slag  on  his  charge.  He  was  much  troubled  by  premature  fusion 
of  this  ingredient  until  he  discovered  recently  that  by  crushing  it  and 
adding  it  to  the  charge  of  his  D.  &  L.  sintering  machines  he  was  able  to 
control  this  tendency  and  is  now  regularly  following  this  practice. 

I  do  not  wish  to  prolong  this  discussion  unduly  and  therefore  will  only 
suggest  in  the  briefest  possible  manner  my  passing  comments  on  the  other 
matters  I  would  like  to  speak  of. 

SiUphur  Range. — The  general  experience  has  been  that  higher  initial 
sulphurs  can  be  handled  by  the  D.  &  L.  than  by  the  pots.  This  is  to  be 
expected  from  the  smaUer  mass  under  treatment  at  one  time,  and  the 
mechanical  means  for  rapidly  abstracting  the  heat  as  it  is  developed  by 
the  oxidation  of  the  sulphur.  As  an  example  a  certain  plant  figures  its 
D.  &  L.  charges  between  12  and  14  per  cent,  sulphur,  and  its  H.  &  H. 
charges  for  direct  conversion  at  10  to  11  per  cent,  sulphur. 

Sulphur  Elimination. — There  are  many  data  available  to  indicate  that 
the  D.  &  L.  is  at  least  as  thorough  in  this  respect  as  the  pots,  with  a  far 
greater  efficiency  per  unit  area  of  plant.  ^ 

Operating  Costs. — The  H.  &  H.  plant  at  Murray  has  about  double  the 
capacity  of  the  D.  &  L.  plant.  The  operating  cost  per  ton  is  necessarily 
influenced  by  this  fact.  If  the  costs  were  corrected  to  an  equivalent  basis 
the  small  difference  in  favor  of  the  large  H.  &  H.  plant  would  probably  be 
more  than  wiped  out.  Without  going  into  details,  it  may  also  be  said 
that  a  true  comparison  should  include  all  the  pertinent  items,  such  as 
interest  on  investment,  depreciation,  etc.,  which  would  unquestionably 
throw  the  balance  in  favor  of  the  D.  &  L.  In  this  connection,  I  wish  to  say 
that  the  D.  &  L.  process  is  most  distinctly  on  its  mettle  at  Murray,  for 
Mr.  Norton  has  worked  out  the  H.  &  H.  process  to  an  extraordinary  degree 
of  perfection  and  his  practice  in  that  department  justly  ranks  among  the 
very  best. 

Fineness  of  Charge. — As  Mr.  Norton  says,  the  D.  &  L.  machines 
have  to  handle  the  very  fine  material  that  the  pots  cannot  treat.     In 

^  A.  S.  Dwight:  Efficiency  in  Ore  Roasting,  School  of  Mines  Quarterlurvol.  xxxiii, 
No.  1,  pp.  1  to  17  (Nov.,  1911).  gitized  by  VjOOgle 


2744       HXTNTINQTON-HEBEBLEIN  AND  DWIQHT-LLOTI>  PROCESSES 

many  plants  this  includes  also  the  fines  from  the  pots.  In  other  words, 
the  machines  have  to  do  the  dirty  work,  because  they  can,  but  it  is  only 
fair  to  ask  how  the  figures  would  be  affected  if  the  H.  &  H.  pots  had  to 
take  their  share  of  the  very  fine  material. 

Lead  Losses, — ^Mr.  Norton  does  not  attempt  to  present  any  conclusive 
data  on  this  point.  As  the  volatilization  is  influenced  largely  by  the  tem- 
perature and  the  time  the  charge  is  subjected  to  the  heat  and  air  currents^ 
the  advantage  ought  theoretically  to  be  with  the  D.  &  L.,  for  in  that  proc- 
ess a  given  particle  is  undergoing  the  heat  treatment  about  as  many  min- 
utes as  it  is  hours  in  the  H.  &  H.  pot.  Investigations  of  lead  losses  have 
been  made  at  various  plants,  some  of  which  will  probably  be  published 
some  day;  meantime,  it  can  be  stated  that  while  it  is  possible  to  establish 
conditions  which  will  make  a  D.  &  L.  machine  into  a  very  efl5cient  lead 
burner,  it  is  not  necessary  so  to  do,  and  the  lead  losses  should  be  less  than 
with  the  pots.  As  an  example,  in  one  plant  under  my  direct  observation 
where  pots  have  been  entirely  superseded  by  D.  &  L.  machines,  the  lead 
loss  was  about  3  per  cent,  in  the  pots  and  is  now  about  0.75  per  cent,  as 
the  average  over  a  period  of  two  years  with  the  machines. 

In  conclusion  I  wish  to  again  thank  Mr.  Norton  for  his  interesting 
paper. 

G.  C.  RiDDBLL,  East  Helena,  Mont. — Mr.  Norton's  interesting  paper, 
comparing  the  H.  &  H.  and  D.  &  L.  processes,  no  doubt  reflects  with  a 
high  degree  of  accuracy  the  behavior  of  these  two  roasting  methods  as 
he  has  found  it  at  the  Murray  plant. 

Up  in  Montana,  however,  we  are  working  with  somewhat  diflFerent 
conditions,  and  as  we  have  been  a  little  more  favorably  impressed  with  the 
relative  merit  of  the  Dwight-Lloyd  sintered  product,  it  may  be  of  interest 
at  just  this  time  to  describe  the  behavior  of  these  two  processes  at  the 
East  Helena  lead  plant  of  the  American  Smelting  &  Refining  Co. 

The  reason  for  a  difference  in  performance  of  these  roasting  processes 
at  Helena  and  at  Salt  Lake  lies  perhaps  in  the  rather  unique  roasting  and 
smelting  practice  at  the  former  plant,  where  all  operations  are  on  charges 
carrying  an  abnormally  high  lead  and  zinc  content.  Helena  mixture  beds 
contain  approximately  80  per  cent.  Coeur  d'Alfine  lead  sulphides  and 
average  160  to"  180  lb.  to  the  cubic  foot.  The  local  significance  of  this 
high  percentage  of  heavy  leady  material  can  readily  be  seen  when  it  is 
remembered  that  the  processes  under  discussion  involve  the  blast-roast- 
ing principle.  This  density,  together  with  the  ready  fusibility  of  such  a 
lead-bearing  charge,  presents  a  set  of  conditions  at  East  Helena  that  give 
rise  to  a  number  of  interesting  problems  at  both  roasters  and  blast 
furnaces. 

Certain  it  is  that  with  both  H.  &  H.  and  Dwight-Lloyd  products  in 
excellent  physical  condition,  our  East  Helena  blast  f  amaces  run  at  higher 
speeds  and  with  distinctly  lower  coke  when  dominated  by  the  Dwight- 
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Lloyd  sinter.  All  those  daily  observations,  recorded  and  unrecorded, 
that  the  metallurgist  makes  as  he  guides  his  blast  furnaces  through  their 
various  ailments  and  difficulties,  have  for  several  years  past  confirmed  us 
at  East  Helena  in  the  feeling  that  the  more  Dwight-Lloyd  material  we  can 
get  on  our  furnaces  in  place  of  H.  &  H.  product,  the  lower  is  the  percent- 
age of  coke  required  and  the  faster  do  the  blast  furnaces  run.  That  we 
have  dealt  with  extremes  as  well  as  averages  in  these  matters,  may  be  seen 
from  the  fact  that  the  East  Helena  furnaces  have  carried  upward  of  90 
per  cent,  roast  on  charge  for  long  periods,  with  smelting  tonnages  of  475 
to  575  tons  per  100  sq.  ft.  tuyfere  area.  An  average  of  249  tons  per 
furnace  day,  maintained  during  the  month  of  March,  1913,  figures  549 
tons  per  100  sq.*  ft.  tuyfere  area. 

In  December,  1912,  one  blast  furnace  was  run  for  seven  days  on  a 
charge  containing  H.  &  H.  roasted  product  and  no  Dwight-Lloyd;  a 
furnace  alongside  of  it  running  on  Dwight-Lloyd  product  with  no  H.  & 
H. — the  idea  being  to  note  the  tendencies  of  the  two  roasted  products  as 
to  speed  and  reduction.  The  composition  of  the  two  charges  used  is 
shown  in  the  following  table: 


Siliceous  bed  ore 

H.  AH.  roast 

Dwight  sinter 

Lime  rock 

Scrap  iron 

Golden  Curry  iron  ore 


Dwight  Machine 
Charge,  Founds 


176 

7,040 

322 

80 

382 

8,000 


The  results  of  the  week's  test  are  shown  in  the  following  tabulation; 

This  tabulation  indicates  that  2  per  cent,  less  coke  on  charge,  better 
reduction,  and  higher  speed  attended  the  use  of  Dwight  machine  product. 
It  is  to  be  noted  that  the  Dwight  machine  charge  was  run  part  of  the  time 
on  one  furnace  and  part  of  the  time  on  the  other,  in  order  to  make  a  fair 
comparison  of  the  Dwight-Lloyd  and  H.  &  H.  products  regardless  of 
local  furnace  conditions.  In  every  instance  except  one,  the  Dwight-Lloyd 
product  gave  a  more  favorable  showing  than  the  H.  &  H.  This  exception 
is  indicated  in  the  wet  lead  in  the  slag  on  furnace  No.  2,  the  result  here 
being  distorted  by  hang-over  assays,  after  the  H.  &  H.  charge  had  been 
changed  to  furnace  No.  1.  Eliminating  these  hang-over  assays,  the  slag 
wet  lead  on  furnace  No.  2  for  the  H.  &  H..  charge  becomes  1.37  per  cent, 
and  for  the  Dwight  1.29  per  cent.  ^.^.^.^^^  ^^  GoOglc 
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Huntington  and  HeberUin 

Dec.  3,  4, 


I  Dec.  5  to  9 
1912 


1912 


AveAge 


Funtacey  No I  1 

Per  cent,  coke 13 .  75 

Per  cent.  F.  C .' i       10.9 

Tons  wet  charge !     210 

Slag: 

Pet  cent,  zinc 

Ounces  silver 

Wet  lead 

Per  cent,  lead  on  charge 

Per  cent,  roasfe I 

Per  cent,  sulphur  on  charge I 

Per  cent,  matte  fall 

Matte: 

Lead 

Copper 


•| 


5.0 

0.29 

1.99 

30.1 

66.2 

4.2 

18.3 

24.6 
9.9 


2 
12.50 
9.8 
208 

4.9 

0.26 

1.47 

30.4 

67.9 

4.2 

16.8 

18.8 
10.9 


13.39 

10.6 

209 

5.0 

0.28 

1.84 

30.2 

66-7 

4.2 

17.9 

22.9 
10.2 


Dioigkt  and  Lhyd 


Dec.  3,  4, 
1912 


Dec.  5  to  9, 
1912       I 


Average 


Furnace,  No 

Per  cent,  coke 

Percent.  F.  C 

Tons  wet  charge 

Slag: 

Per  cent,  zinc 

Ounces  silver 

Wet  lead 

Per  cent,  lead  on  charge 

Per  cent,  roast 

Per  cent,  sulphur  on  charge . 

Per  cent,  matte  fall 

Matte: 

Lead 

Copper 


1 
11.57 
9.0 
216 


2 
11.39 
9.0 
224 


11.52 
9.0 
21S 


6.1 

5.1 

5.1 

0.21 

0.25 

0.22 

0.72 

1.48 

0.94 

30.6 

30.2 

30.5 

88.8 

87.6 

^.4 

3.7 

3.8 

3.7 

15.4 

15.9 

15.6 

9.8 
8.1 


17.8 
9.4 


12.1 
8.5 


It  was  found,  in  fact,  that  with  furnace  No.  2  doing  poor  work  on  the 
H.  &  H.  charge  it  was  possible  to  straighten  out  both  the  tonnage  and 
assays  by  switching  to  the  Dwight  charge.  In  all  cases  we  had  good 
crucibles,  bright  tuyeres,  and  cool  tops,  but  it  was  found  necessary  repeat- 
edly to  take  off  considerable  amounts  of  coke  on  the  Dwight  furnace,  on 
account  of  persistent  over-reduction. 
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It  was  found  in  general  that  our  mechanical  feeding  arrangements  were 
more  favorably  adapted  to  the  proper  distribution  of  the  Dwight  machine 
product.  As  fast  as  they  were  indicated,  however,  changes  were  made 
in  the  distribution  of  both  charges,  and  it  was  felt  that  each  one  of  the 
changes  made  was  in  the  nature  of  an  improvement  at  the  t  me.  The 
test  was  too  short,  however,  to  permit  these  changes  in  feeding  arrange- 
ment to  proceed  to  a  point  at  which  the  H.  &  H.  product  was  distributed 
to  absolutely  the  best  advantage.  In  fact,  had  we  been  able  to  prolong  the 
test,  we  could  undoubtedly  have  made  a  more  favorable  showing  for  the 
H.  &  H.  by  further  changes  in  feed-floor  arrangement.  It  is  true,  how- 
ever, that  the  over-reduction  on  the  Dwight  furnace  prevented  the  large 
tonnages  that  were  clearly  indicated  for  the  Dwight  charge  under  proper 
conditions. 

It  should  be  noted  that  in  these  tests  both  charges  involved  larger 
percentages  of  roasted  product  than  were  used  in  the  Murray  trials — 66.8 
and  88  per  cent,  against  37.5  and  60  per  cent. 

In  Mr.  Norton's  recapitulation,  five  items  are  set  down,  two  in 
favor  of  H.  &  H.,  two  in  favor  of  Dwight-Lloyd,  and  one  with  honors  even. 
These  same  five  items  viewed  in  the  light  of  East  Helena  operations  com- 
pare as  follows: 

1.  Cost  of  Installation. — Regardless  of  location,  this  is,  of  course,  in 
favor  of  the  Dwight-Lloyd  apparatus. 

2.  Cost  of  Roasting, — During  the  year  1913,  the  Dwight-Lloyd  plant 
at  East  Helena  accomplished  a  sulphur  elimination  of  from  10.9  to  4.6 
per  cent.,  while  the  H.  &  H.  converter  pots  during  the  same  period  reduced 
from  10  to  6.1  per  cent,  sulphur.  In  this  narrow  range  of  sulphurs  is  seen 
the  deterrent  effect  of  the  heavy  dense  lead  charge  at  East  Helena  on 
both  methods  of  blast  roasting.  The  roasted  material  at  present  turned 
out  in  the  H.  &  H.  department  averages  38  per  cent,  lead,  while  the 
Dwight-Lloyd  sinter  carries  43  per  cent.  lead.  The  H.  &  H.  process  is 
also  favored  to  the  extent  of  receiving  the  coarser  CoBur  d' Alfine  products, 
while  the  Dwight-Lloyd  beds  take  care  of  the  slimes  and  fine  concentrates. 
The  average  figures  for  the  12  months  of  1913  show  a  cost  per  unit  of 
sulphur  eliminated,  the  same  within  a  fraction  of  a  cent,  for  both 
processes.  Three  hundred  tons  per  day  are  handled  in  the  H.  &  H.  plant 
and  about  400  at  the  Dwight  machines. 

3.  Adaptability  of  Charge, — As  at  Murray,  we  recognize  a  greater  lee- 
way on  the  Dwight-Lloyd  process  in  the  physical  and  chemical  variations 
possible  in  the  charge. 

4.  Metal  Losses. — Repeated  tests  on  East  Helena  flues  indicate,  as  at 
Murray,  that  lead  losses  are  practically  the  same  on  both  processes. 

6.  Physical  Condition  of  Product, — An  abundance  of  experience  and 
testimony  concerning  the  important  part  in  reduction  played  by  ascending 
blast-furnace  gases  makes  it  seem  entirely  logical  and  proper  to  us  at 
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East  Helena  to  attribute  the  beneficial  effect  of  Dwight-Lloyd  product  on 
our  smelting  procedure  to  its  peculiar  cellular  structure,  allowing  the 
reducing  action  of  the  gases  to  proceed  over  a  maximum  area  of  contact 
from  the  moment  the  charge  begins  its  downward  journey  from  the  fur- 
nace top. 

The  danger  from  the  fusing  of  such  predigested  material  (either 
Dwight-Lloyd  or  H.  &  H.)  at  too  low  a  temperature  in  the  furnace, 
should  be  and  is  offset,  at  East  Helena  at  least,  by  the  faster  descent  of  the 
charges  containing  these  roasted  products.  Although  85  to  90  per  cent, 
of  our  smelting  stock  is  made  up  of  roasting  product  (50  per  cent.  Dwight- 
Lloyd,  35  per  cent.  H.  &  H.),  hot  tops  are  practically  unknown. 

Recent  years  have  found  us  gradually  and  steadily  increasing  the 
amount,  and  improving  the  character,  of  the  roasted  product  on  charge, 
at  East  Helena,  and  with  each  step  in  the  process  better  blast-furnace 
results  have  been  noted.  In  short,  it  is  to  the  roasters  and  not  the  blast 
furnaces  that  we  are  inclined  to  give  credit  for  accomplishing  a  notable 
improvement  in  lead-smelting  speed  and  general  metallurgy  during  the 
last  few  years  all  over  the  country,  and  the  Dwight-Lloyd  process  has 
played  such  an  important  part  in  this  at  East  Helena  that  we  are  glad  to 
add  our  word  to  the  approval  expressed  by  Mr.  Norton.  In  going  a  little 
further  in  our  appreciation  and  acknowledging  a  distinct  superiority  of 
Dwight-Lloyd  over  H.  &  H.  product,  we  fully  realize  that  the  handling  of 
35  to  40  per  cent,  lead  charges  may  present  a  rather  extreme  smelting 
procedure,  and  that  these  opinions  as  to  the  relative  merits  of  Dwight- 
Lloyd  and  H.  &  H.  roasted  products  may  simply  reflect  local  Montana 
conditions. 

A  summary  of  Murray  and  East  Helena  experience  *  with  these  two 
roasting  processes  would  appear,  then,  as  follows: 

Advantage  in  Favor  of 

(at  Murray)  (at  East  Helena) 

Cost  of  installation D.-L.  D.-L. 

Cost  of  roasting H.  &  H.  Even 

Adaptability  of  charge D.-L.  D.-L. 

Metal  losses Even  Even 

Physical  condition  of  product H.  &  H.  D.-L. 
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The  Intemational  Lead  Refining  Plant 

DiacuBsion  of  the  paper  of  G.  P.  Hulst,  presented  at  the  Salt  Lake  meeting,  August, 
1914,  and  printed  in  BuOetin  No.  92,  August,  1914,  pp.  1865  to  1871. 

L.  S.  Austin,  Salt  Lake  City,  Utah. — One  question  that  I  would  like 
to  ask  is  in  regard  to  the  sampUng  kettle  which  stands  beside  the  softening 
furnace.    How  is  the  sample  taken  or  melted? 

G.  P.  HuLST. — The  sampling  kettles  in  question  are  of  45  tons  capacity 
and  are  fired  with  coal.  The  lead  bullion  comes  in  on  a  high  line  in  car- 
load lots  of  30  to  40  tons.  The  entire  lot  is  trucked  from  car,  weighed  over 
scales  and  thrown  into  the  sampling  kettle,  which  has  been  previously 
cleaned.  The  kettle  is  fired  and  the  bulUon  melted,  then  heated  up  until 
no  frozen  bulUon  remains  in  the 'bottom  or  adheres  to  the  sides  of  the 
kettle.  The  kettle  is  scraped  clean,  sides  and  bottom,  and  the  wet  dross 
is  skimmed  iolf  clean  into  molds.  The  kettle  is  stirred  thoroughly  during 
the  period  in  which  24  to  30  samples  of  approximately  i  assay  ton  are 
taken.  These  samples  are  taken  in  a  long-handled  iron  mold,  providing 
for  taking  six  to^eight  "gumdrops."  The  mold  is  inserted  and  heated 
to  the  same  temperature  as  the  molten  metal,  and  gumdrops  are  dipped 
out  and  cooled  in  the  mold  by  dipping  the  bottom  of  the  mold  into  water. 
The  samples  should  be  free  from  fins.  The  gumdrops  represent  the  con- 
tents of  the  kettle,  and  in  assaying,  they  should  not  be  clipped,  but  weigEed 
up  and  the  result  computed.  The  dross  bars  are  weighed  and  sawed 
according  to  old  hammer  and  punch  sample  template.  The  sawdust 
represents  a  sample  of  the  dross.  In  cases  of  high  gold  in  the  bullion 
there  is  a  slight  correction  in  the  assay. 

This  method  of  sampling  was  developed  at  the  Omaha  plant  of  the 
American  Smelting  &  Refining  Co.,  W.  T.  Page,  Manager,  in  1903  or 
1904,  for  adjusting  differences  in  checking  smelter  sampUng. 

L.  S.  Austin. — The  base  bulUon  which  you  treat  is  very  clean.  It 
has  been  remelted,  and  skimmed  before  shipment.  How  rapidly  can 
you  get  it  through  the  softening  furnace,  and  how  does  it  compare  with 
ordinary  base  bulUon? 

G.  P.  HuLST. — Twenty-four  hours  is  the  softening  Umit  on  these 
charges.  In  other  words,  it  is  charged  into  the  furnace,  heated  up,  and 
the  first  and  second  skimmings  are  taken  off,  and  it  goes  into  the  kettle 
the  next  day;  that  is,  24  hr.  elapse  from  the  time  the  buUion  is  charged 
to  the  time  it  is  in  the  kettle. 

L.  S.  Austin. — It  seems  to  be  a  long  time  to  hold  such  a  pure  buUion. 
I  suppose,  though,  it  comes  around  conveniently  so  that  you  have  a  time 
for  all  the  other  operations  of  refining.    Isn't  that  the  case? 

Mr.  Hulst. — Every  refinery  is  based  on  those  principles. 
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Mr.  Austin. — ^Well,  in  other  words,  you  do  not  tap  your  softening 
furnace  as  soon  as  it  is  softened. 

Mr.  Hulst. — ^Absolutely  not. 

Mr.  Austin. — Of  course  it  is  convenient  for  all  operations  to  come 
around  at  the  same  time  of  the  day.  Now,  another  question:  You  say 
that  you  ship  away  the  matte  you  make  to  the  smelter.    To  what  smelter? 

Mr.  Hulst. — To  the  Perth  Amboy  smelter  of  the  American  Smelting 
&  Refining  Co. 


Tests  of  Rock  Drills  at  North  Star  Mines,  California 

Discussion  of  the  paper  of  Robebt  H.  Bedfobd  and  Wiluam  HaouEj  presented  at  the 
Salt  Lake  meeting,  August,  1914,  and  printed  in  Btdletin  No.  92,  August,  1914, 
pp.  1807  to  1816. 

W.  L.  Saunders,  New  York,  N.  Y.  (communication  to  the  Secretary*). 
— Messrs.  Bedford  and  Hague  have  given  us  a  very  interesting  and  prac- 
tical paper.  No  better  excuse  for  such  a  paper  could  be  desired  than  the 
statement  made  that  the  expense  of  drilling  in  this  mine  is  one-third  of 
the  cost  of  delivering  the  ore  at  the  mill.  This  statement  should  be 
written  in  red  letters,  because  it  applies  to  a  great  many  mines  besides  the 
one  referred  to  and  because  it  is  generally  true  that  in  a  mining  plant,  a? 
al^  in  papers  read  before  the  Institute,  more  attention  by  far  is  given  to 
the  metallurgical  side  of  mining  than  to  the  excavation  of  the  ore,  and  no 
study  of  the  excavation  work  is  properly  made  that  does  not  involve  a 
careful  inquiry  into  the  merits  of  the  rock  drill  used. 

Next  in  importance  to  the  selection  of  a  good  rock  drill,  in  a  cast 
where  the  actual  drilling  cost  is  one-third  the  cost  of  delivering  the  ore,  is 
that  the  drill  should  be  maintained  in  order  and  kept  up  to  its  highest 
efficiency.  The  best  rock  drill  may  run  down  in  efficiency  through  acci- 
dents, wear,  or  other  conditions  which  are  sometimes  beyond  supervision 
or  control.  The  machine  is  usually  in  the  hands  of  men  who  know  how  to 
get  work  out  of  it,  not  men  who  know  how  it  works.  The  best  drill  runners 
are  not  machinists,  but  miners.  They  could  not  tell  you  how  the  valve 
operates  or  the  principle  of  the  rotation,  but  they  know  how  to  get  the 
work  done.  A  testing  machine,  particularly  the  type  described  in  this 
paper,  may  be  of  the  greatest  value  in  maintaining  a  uniform  state  of 
efficiency. 

It  must  not  be  supposed,  however,  that  this  testing  machine  in 
itself  will  distinguish  the  value  of  one  type  of  drill  from  another.  This 
has  been  referred  to  in  the  paper,  where  it  is  shown  from  the  record 
that  drills  developing  the  greatest  horse  power  of  energy  were  not  the 


►Received  Sept.  1,  1914. 
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most  efficient  in  drilling  capacity.  This  is  referred  to  on  p.  1814  and  it 
is  corroborated  by  the  tables  on  p.  1813,  where  the  foot-pound  blow 
of  approximately  40  to  45  lb.  is  shown  to  be  the  most  efficient  for  this 
particular  class  of  work. 

At  the  works  of  the  Ingersoll-Rand  Co.  testing  machines  of  practi- 
cally the  same  principle  as  that  described  have  been  in  use  for  several 
years.  Drills  are  tested  on  these  machines  and  afterward  operated  in  an 
experimental  underground  mine,  where  it  has  been  shown  that  the  maxi- 
mum foot-pound  energy  does  not  always  mean  maximum  drilling  capac- 
ity. The  efficiency  of  any  type  of  rock  drill  depends  mainly  upon  the 
proper  adjustment  of  the  air  pressure  to  the  nature  of  the  rock.  In 
certain  rocks  a  slow-moving,  heavy  foot-pound  blow  will  show  the  best 
results  in  drilling,  while  in  other  rocks  the  fastest  drilling  is  done  through 
a  rapid  blow  of  light  foot-pound  energy. 

The  testing  machine,  however,  is  a  guide  in  showing  comparative 
results  under  similar  conditions  and  it  is  a  valuable  means  by  which  from 
time  to  time  a  drill  may  be  tested  to  determine  whether  or  not  it  has 
deteriorated.  A  rock  drill  that  is  not  up  to  its  maximum  efficiency  should 
be  examined  and  the  cause  discovered  and  remedied. 

It  is  to  be  regretted  that  Messrs.  Bedford  and  Hague  did  not  give  us  a 
little  more  information  concerning  the  tests  given  in  Tables  I  and  II,  on  p. 
1808.  These  tables  at  a  glance  indicate  that  a  comparison  has  been  made 
between  the  cost  of  operating  a  water  Leyner  No.  8  drill  and  a  Waugh  12-A. 
I  feel  quit^  sure,  however,  that  there  is  no  comparative  test  intended, 
because,  in  the  first  place,  one  machine  is  a  rock  drill  of  the  mounted 
type  while  the  other  is  an  unmounted  jstoper.  In  these  tests  the  Leyner 
drill  was  used  for  heading  work,  which  means  that  a  larger  proportion  of 
the  holes  are  flat  and  down-holes.  Such  work,  as  every  one  knows,  is 
more  difficult  and  is  harder  on  the  steel  than  work,  commonly  known  as 
sloping,  with  air  drills,  which  is  usually  up-hole  work,  the  drills  clearing 
themselves  of  cuttings  during  operation.  This  point  has  a  bearing  upon 
the  statement  showing  the  amount  of  steel  consumed  and  the  cost  per 
shift  for  sharpening  the  steel.  There  can  be  no  comparative  value  placed 
upon  tests  of  steel  cost  except  when  used  in  the  same  class  of  work.  Fur- 
thermore, the  Leyner  drill  was  used  with  round  steel  while  the  stoper 
used  the  cruciform  pattern.  The  statement  is  also  made  that  2-in.  bits 
were  used  with  the  stopers  and  2J-in.  with  the  Leyners. 

.Another  point  worth  mentioning  is  that  the  Leyner  drill  (No.  8) 
referred  to  in  this  paper  is  no  longer  made,  it  being  an  obsolete  pattern, 
the  present  type  being  No.  18. 

The  point  brought  out  in  this  paper  that  the  force  of  the  air  feed  on  a 
stoper  has  a  very  material  effect  upon  its  drilling  capacity  is  one  not  gen- 
erally considered,  but  it  is  of  the  utmost  importance  in  stoper  service. 
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The   Mill  and  MetaUuigical  Practice  of  the  Nipissing  Mining  Co., 
Ltd.,  Cobalt,  Ont.,  Canada. 

Further  discussiozi  of  the  paper  of  James  Johnston,  presented  at  the  New  York 
meeting,  Fel>ruary,  1914,  and  printed  in  BiiUeUn  No.  85,  January,  1914,  pp. 
107  to  133.    See  also  BuUeiin  No.  91,  July,  1914,  pp.  1473  to  1496. 

Thomas  Crowe,*  Victor,  Colo. — The  interest  manifested  of  late  in 
the  treatment  of  low-grade  ores,  together  with  Mr.  Clevenger's  discussioii . 
of  the  Mill  and  Metallurgical  Practice  of  the  Nipissing  Mining  Co., 
prompts  me  to  add  a  few  remarks  relative  to  concentration  in  connec- 
tion with  cyanide  treatment  of  low-grade  ores. 

Mr.  Clevenger  in  this  discussion  does  not  condemn  concentration 
in  this  connection,  but,  nevertheless,  the  tone  of  his  remarks  would  lead 
one  to  believe  that  his  conclusions  are  like  those  of  many  others:  that 
concentration  is  often  turned  to  as  a  last  resort  in  an  attempt  to  im- 
prove or'obtain  an  extraction  upon  an  ore  by  the  recovery  and  sale  of 
the  refractory  portion  of  the  ore.  This,  I  will  attempt  to  point  out,  is 
not  always  the  case.  Concentration  in  connection  with  cyanidation 
often  performs  an  entirely  diflferent  function,  t.e.,  one  of  saving  fine 
grinding. 

Economy  being  the -keynote  of  successful  treatment  of  low-grade 
ores,  the  problem  often  becomes  more  commercial  than  metallurgical, 
and,  as  there  is  generally  a  definite  ratio  existing  between  coat  of  opera- 
tion, degree  of  comminution,  and  percentage  of  extraction,  the  grade  of 
ore  under  treatment  usually  imposes  a  limit  upon  these  factors. 

With  many  ores  grinding  is  the  most  expensive  single  item  in  their 
treatment;  therefore,  the  degree  of  comminution  is  very  apt  to  be  gov- 
erned by  the  allowable  cost  of  operation.  With  most  ores  the  degree 
of  comminution  controls  to  a  great  extent  the  percentage  of  extraction. 
So  in  the  treatment  of  low-grade  ore  it  often  becomes  necessary  to  sacri- 
fice extraction,  through  coarse  grinding  for  the  benefit  of  cost,  in  order 
that  the  greatest  ultimate  profit  may  be  obtained,  and  it  is  under  these 
conditions  that  it  is  possible  for  concentration  to  play  an  important 
part  in  overcoming  to  some  extent  the  eflfect  of  mesh. 

The  precious  metals  occurring  in  an  ore  are  usually  closely  associate 
with  the  metallic  portion  of  the  ore,  and  as  this  metallic  portion  is  geni- 
ally fairly  well  liberated  from  the  gangue  at  comparatively  coarse  meshes, 
further  grinding  of  the  ore  is  necessary  only  in  order  that  the  metallic 
portion  may  be  reduced  sufficiently  fine  that  the  precious  metal  part 
of  it  may  be  dissolved  by  cyanide  solutions  in  a  reasonable  length  of 
time. 

*  Non-member. 
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A  concentrating  table  under  these  conditiona  would  have  the  effect 
of  removing  this  refractory  metallic  portion,  it  being  especially  efficient 
in  removing  that  portion  which  is  not  sufficiently  fine  to  be  readily  dis- 
solved by  cyanide  solution  (the  coarse),  putting  the  small  amount  of 
high-grade  concentrate  ill  a  separate  pile  where  it  can  be  dealt  with  by 
more  extensive  methods  of  treatment,  it  being  of  sufficient  value  per  ton 
to  justify  further  grinding,  longer  contact,  and  more  elaborate  methods, 
at  the  same  time  simplifying  the  subsequent  treatment  of  the  bulk  of 
the  ore  and  accomplishing  the  same  result  as  though  the  whole  mass  of 
ore  were  ground  to  a  very  fine  mesh. 

An  exemplification  of  the  effect  of  concentration  in  connection  with 
cyanidation  in  the  treatment  of  low-grade  ores  may  be  found  in  the 
mills  of  the  Cripple  Creek  district,  which  are  treating  the  sulpho-telluride 
dump  ores.  Here  concentration  performs  another  function  besides  that 
of  saving  grinding  as  described  above.  On  account  of  the  peculiar  oc- 
currence of  the  values  in  these  ores,  the  sulpho-tellurides  occurring  upon 
the  faces  and  seams  of  the  rock,  when  the  ore  is  crushed  to  30  mesh 
it  is  found  that  the  sulpho-tellurides  are  liberated  to  such  an  extent  that, 
after  concentration  and  classification,  the  sand  product  of  this  opera- 
tion is  of  such  low  value  that  it  can  be  rejected  as  a  tailing,  leaving  only 
the  enriched  concentrate  and  slime  to  receive  further  treatment. 

The  low  treatment  costs  allowable  by  this  rejection  of  60  per  cent. 
of  the  ore  in  the  form  of  low-grade  sand  can  be  well  imagined.  In  fact, 
the  success  of  these  mills  in  the  treatment  of  this  low-grade  by-product 
is  only  made  possible  through  the  continual  elimination  of  that  material 
which  will  not  withstand  further  treatment.  This  is  practiced  by  other 
methods  of  concentration  besides  table  concentration,  such  as  hand  sort- 
ing, coarse  crushing  and  trommeling,  etc.,  and  I  would  like  to  make  a 
long-range  prediction  that  in  the  future  low-grade  milling  selective 
methods  will  prevail  and  concentration  become  an  important  factor. 

G.  H.  Clevenger,  Palo  Alto,  Cal. — The  whole  question  of  ore  treat- 
ment is,  of  course,  an  economic  one  and  frequently  our  pet  metallurgical 
theories  have  to  be  sacrificed  upon  the  altar  of  greatest  ultimate  profit. 
If  the  recovery  of  a  portion  of  the  gold  and  silver  can  be  more  economic- 
ally made  by  concentration  than  by  solution  in  cyanide,  obviously  con- 
centration should  be  practiced.  The  case  cited  by  Mr.  Crowe  is  an  un- 
usual one  in  that  his  strongest  argument  for  concentration  is  that  the 
sand  can  be  rejected  without  further  treatment  if  the  concentrate  is 
removed.  It  must  be  remembered,  in  this  connection,  that  the  ore 
treated  rims  less  than  $3  per  ton  and  that  a  large  proportion  of  the  min- 
erals carrying  the  gold  occur  along  the  cleavage  planes.  Even  with  the 
same  character  of  ore,  if  of  considerably  higher  grade,  it  would  not 
be  possible  to  reject  the  sand  without  incurring  a  serious  loss.     The 
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character  of  many  of  the  low-grade  ores  of  other  districts  would  render 
this  type  of  practice  impossible.  Lack  of  suitable  mill  sites  for  a  large 
expanse  of  leaching  tanks,  together  with  favorable  smelter  contracts, 
are  factors  in  the  Cripple  Creek  district  which  are  not  without  their 
influence. 

There  are  a  number  of  possible  variations  of  concentration  in  cod- 
j unction  with  cyanidation,  the  more  important  of  which  are: 

1 .  Crushing  of  the  ore  in  water;  concentration,  either  directly  or  follow- 
ing another  recovery  operation,  as  amalgamation;  rejection  of  the  tailing, 
and  cyanidation  of  the  concentrate.  This  method  is  most  suitable  for 
use  upon  very  low-grade  ore  or  tailing.  A  good  example  of  such  practice 
is  the  Treadwell,  where  the  tailing  from  the  amalgamation  of  the  very 
low-grade  ore  treated  could  not  be  profitably  treated  directly  by  cyanida- 
tion; but  cyanidation  of  the  concentrate  recovered  from  the  tailing  by 
concentration  returns  a  handsome  profit. 

2.  Crushing  of  the  ore  in  cyanide  solution;  concentration,  followed  by 
cyanidation  of  the  sand  and  slime.  Concentrate  treated  by  one  of  three 
methods: 

(a)  Shipment  of  the  concentrate  to  the  smelter. 

(b)  Special  local  treatment  of  the. concentrate. 

(c)  Special  treatment  of  the  concentrate  stream,  as,  for  example, 
fine  grinding  or  amalgamation,  etc.,  and  return  of  the  concentrate  stream 
to  the  balance  of  the  pulp  for  cyanidation. 

Method  (a)  of  concentrate  disposal  has  been  very  generally  practiced 
in  the  past,  but  care  must  be  exercised  in  adopting  this  practice,  for  the 
reason,  as  I  have  previously  pointed  out,  that  one  may  pay  the  smelter 
rather  dearly  for  recovering  gold  and  silver  recoverable  by  cyanidation 
under  proper  conditions. 

Method  (6),  involving  special  chemical  treatment  or  roasting  prior 
to  cyanidation  of  concentrate,  has  been  practiced  and,  under  certain 
conditions,  may  be  advantageous. 

Method  (c)  has  its  adherents  and,  under  favorable  conditions,  may 
present  certain  advantages.  However,  there  is  at  present  a  tendency 
to  revert  from  this  method  to  (6),  even  when  it  is  possible  to  obtain  as 
high  a  recovery  by  (c),  for  the  reason  that,  if  the  concentrate  residue  is 
kept  separate,  it  may  later  become  a  valuable  asset. 

3.  Crushing  of  the  ore  in  water  or  cyanide  solution  and  separation 
of  the  pulp  into  sand  and  slime;  concentration  of  either  one  or  both; 
rejection  of  either  sand  or  slime  and  cyanidation  of  the  other  product. 
An  example  of  this  is  the  old  Homestake  practice,  where,  after  crushing 
in  water  and  amalgamation,  the  slime  was  rejected,  as  it  was  too  low 
grade  for  profitable  treatment  until  the  development  of  the  Merrill 
filter  press.     The  sand  in  this  case  was  treated  by  cyanidation  without 
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concentration.    At  the  Portland  Victor  mill  the  sand  is  rejected  after 
concentration  and  the  slime  treated  by  cyanidation. 

Allan  J.  Clark,  Lead,  S.  D. — A  point  that  might  be  made  against 
aluminum  precipitation  is  that  the  necessity  for  free  alkali  in  some 
quantity  would  prohibit  its  use  in  connection  with  the  treatment  of  ores 
where  a  very  low  protective  alkalinity  was  necessary  for  the  best  results 
regarding  either  extraction  or  cyanide  consumption.  A  good  example 
of  this  is  present  Homestake  practice,  where  an  extremely  low  pro- 
tective alkalinity  has  been  found  advantageous. 

G.  H.  Clevenger. — Mr.  Clark's  experience  with  Homestake  ore 
has  also  been  borne  out  by  my  own  with  certain  silver-gold  ores,  where 
the  best  results  were  obtained  with  a  low  alkalinity.  However,  there  are 
exceptions  to  this. 


Chloridizing  Leaching  at  Park  City 

Discussion  of  the  paper  of  Theodobe  P.  Holt,  presented  at  the  Salt  Lake  meeting 
August,  1914,  and  printed  in  BvUetin  No.  91,  July,  1914,  pp.  1699  to  1708. 

F.  S.  Schmidt,  Salt  Lake  City,  Utah. — Any  furnace  that  can  make  a 
chloridizing  roast  to  yield  an  extraction  of  92  to  93  per  cent,  and  do  this  at 
a  cost  of  less  than  24c.  per  ton  in  a  10-ton  unit  opens  great  possibilities 
for  the  treatment  of  certain  classes  of  ores.  This  cost  does  not  include  the 
salt  and  will  be  reduced  to  about  16^c.  per  ton  in  the  35-ton  furnaces 
which  are  now  being  designed.  On  a  trial  run  the  roaster  treated  9.6  tons 
of  Ontario  stope  fillings  crushed  to  pass  a  J-in.  opening.  The  ore  is 
well  adapted  to  chlorination  with  the  exception  of  insufficient  sulphur  and 
occasional  days  of  high  lime,  but  is  not  adapted  to  any  other  process. 
The  following  is  an  analysis  of  the  crude  ore:  Ag,  9.52;  Au,  0.029  oz.; 
Pb,  0.71;  Cu,  0.11;  SiO,  79.4;  Zn,  0.57;  S,  1.00;  Fe,  7.9;  Mn,  0.89; 
CaO,  1.20  per  cent.     The  composition  of  the  mix  was: 

Per  Cent. 

Dry  crude  ore 83.4 

Moisture 4.4 

Salt 8.3 

Coal  dust 2.3 

Pyrite,  70  per  cent,  pure 1.6 

To  determine  the  amount  of  volatilization,  the  mix  was  roasted  in  the 
usual  way;  an  analysis  is  as  follows:  Au,  0.025;  Ag,  9.0  oz.;  Pb,  0.72; 
Cu,  0.13;  SiO,  72.2;  Zn,  0.95;  S,  0.7;  Fe,  7.3;  Mn,  0.93;  CaO,  0.73 
per  cent.  From  results  obtained  in  an  experimental  roaster  it  has  been 
determined  that  the  loss  in  weight  sustained  by  the  mix  in  roasting 
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averages  about  7  per  cent.  The  loss  may  be  said  to  be  the  weight  of 
the  coal,  moisture,  and  one-half  the  salt.  The  percentage  of  sulphur 
is  inconsiderable.  Using  the  factor  93  per  cent,  on  the  weight  and  calcu- 
lating the  analysis  from  the  crude  heads  for  comparison,  we  have:  Au, 
0.027;  Ag,  8.89  oz.;  Pb,  0.67;  Cu,  0.11;  SiO,  74.5;  Zn,  0.54;  Fe,  7.4; 
Mn,  0.84  per  cent.  The  sulphur  naturally  cannot  be  figured.  It  will 
be  seen  from  this  that  there  is  no  measurable  volatilization  of  the  silver 
or  gold.  As  a  further  check,  if  the  assumption  is  made  that  the  silica  is 
constant  in  weight  and  the  relation  calculated  between  the  percentage  of 
silica  and  the  ounces  of  silver  in  both  the  crude  and  the  roasted  mix,  it  will 
be  found  that  this  again  shows  there  is  no  volatilization. 

To  determine  the  uniformity  of  roasting,  nine  100-lb.  samples  were 
taken  at  regular  intervals  by  cutting  the  discharge  stream.  Small 
samples  of  each  of  these  were  kept  separate  and  a  24-hr.  leaching  test  was 
made  under  approximate  mill  conditions.  In  all  the  following  leaching 
tests  the  extraction  can  be  calculated  direct  on  the  roasted  mix,  due  to  the 
absence  of  volatilization.  Experiments  were  made  to  determine  the  loss 
in  weight  of  the  roasted  mix  in  leajching  and  the  average  result  is  12.5  per 
cent.,  which  again  can  be  checked  by  comparison  of  the  silica  percentage  in 
the  roasted  mix  and  in  the  leached  tails,  which  in  this  case  gives  13.2  per 
cent.  The  extractions  on  these  nine  interval  samples  varied  from  91.2  to 
93.4  per  cent.,  the  tails  varying  from  0.6  to  0.9  oz.  silver;  the  average 
roasted  mix  was  9.06;  average  tails,  0.78;  and  average  extraction,  92.4 
per  cent.    These  results  show  the  extraction  to  be  high  and  uniform. 

The  next  point  is  the  coarseness  of  crushing  for  this  furnace.  A 
screen  analysis  of  the  raw  mix,  using  8,  14,  20,  40,  and  60  mesh  screens, 
shows  that  the  values  increase  with  the  fineness  from  6.8  to  12  oz. 
By  weight,  34  per  cent,  is  plus  8  mesh  and  9.5  per  cent,  is  through  60  m^h; 
28.0  per  cent,  of  the  value  is  plus  8  mesh  and  13.8  per  cent,  is  in  the 
through  60  mesh.  A  screen  analysis  of  the  roasted  mix  shows  again  that 
the  values  increase  with  the  fineness.  We  now  have  41.2  per  cent,  of  the 
weight  on  the  plus  8  mesh  and  only  5.4  per  cent,  in  the  fines,  while  the 
plus  8  mesh  has  31.2  per  cent,  of  the  values  and  the  fines  8.1  per  cent. 
It  will  be  noted  that  in  the  roasting  the  coarser  sizes  have  increased  at  the 
expense  of  the  fines.  This  is  what  would  be  expected  from  an  inspection 
of  the  roasted  product  and  is  a  very  desirable  result  as  an  aid  to  the 
leaching. 

A  leaching  test  was  made  on  these  sizes  separately  to  determine 
whether  it  would  pay  to  do  finer  crushing  by  determining  the  different 
percentages  of  extraction.  The  plus  8  mesh  gave  an  extraction  of  89.8  per 
cent,  and  the  fines  gave  96.7  per  cent. ;  the  tails  in  the  plus  8  mesh  gave 
0.8  per  cent.,  while  the  tails  of  the  fines  gave  0.5  per  cent.  It  will  be 
seen  that  while  the  fines  give  the  best  extraction,  the  extraction  on  the 
coarser  sizes  is  really  higher  than  would  have  been  expected.     This  result 
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is  probably  due  to  the  nature  of  the  furnace,  with  its  4  ft.  thick  bed  of 
ore.  It  will  also  be  seen  that  the  question  of  finer  crushing  is  solely  one 
of  the  value  of  the  ore. 

To  determine  the  relative  velocity  of  leaching  of  the  different  sizes, 
a  test  was  made  by  interrupting  the  leaching  action  and  making  a  screen 
analysis  of  the  imperfect  tailings.  For  this  purpose  only  3  parts  by  weight 
of  mill  solution  to  1  of  ore  were  used  instead  of  the  usual  6  of  solution  to  1 
of  ore.  The  coarser  products  gave  taiUngs  running  from  1.2  to  1.8  oz., 
while  the  fines  retained  a  value  of  3.0  oz.  The  percentage  of  extraction 
on  the  plus  8  mesh  was  79.7,  and  on  the  fines  80.7.  These  partial  tailings 
were  then  leached  again  to  the  full  extent  and  the  extraction  on  the  plus  8 
mesh  increased  to  87.3  and  on  the  fines  to  95.5  per  cent.  The  taiUngs 
decreased  regularly  from  1.0  oz.  in  the  plus  8  mesh  to  0.7  oz.  in  the  fines. 
The  second  leaching  reduced  the  value  of  all  sizes,  but  mainly  the  fines, 
which  resist  the  leaching  the  most.  The  question  of  fine  grinding  is 
therefore  important.  From  tests  made  on  numerous  ores  it  is  safe  to  say 
that  this  type  of  furnace  will  give  more  effective  chloridizing  on  coarser 
sizes  than  furnaces  using  a  thin  bed  of  ore. 

Another  point  in  connection  with  this  roaster  is  the  ease  with  which  it 
is  possible  to  get  an  excellent  physical  constitution  of  roasted  ore  for  the 
subsequent  leaching.  The  gathering  up  of  the  fines  in  roastiog  and  their 
release  only  as  the  values  are  leached  out  is  well  shown  by  a  study  of  the 
screen  test  of  the  taiUngs.  The  percentage  of  value  of  the  fines  is  16.1, 
while  if  the  screen  analysis  is  made  after  only  half  the  solutions  have 
passed  through  we  have  7.9  per  cent.  The  percentage  of  weight  is  the 
controlling  factor,  because  the  tailings  run  very  uniform  for  the  different 
sizes.  In  the  crude  ore  the  weight  of  the  fines  is  9.5  per  cent.;  in  the 
roasted  mix  this  is  reduced  to  5.4,  showing  the  effect  of  gathering  the  fines. 
In  the  partly  leached  ore  some  of  the  fines  have  been  freed,  to  the  extent 
of  9.7  per  cent.,  while  in  the  thoroughly  leached  mix  the  amount  has  been 
increased  to  15.5  per  cent.  An  analysis  of  the  tailings  gave  the  following : 
Au,  0.005;  Ag,  0.75  oz.;  Pb,  0.41;  Cu,  0.06;  SiO,  83.2;  Zn,  0.8;  S, 
0.2;  Fe,  4.6;  Mn,  0.62;  CaO,  0.52  per  cent.  It  will  be  seen  from  the 
low  tenor  of  copper  in  this  ore  that  it  is  very  difficult  to  get  sufficiently 
accurate  determinations  of  the  copper  for  close  figures  on  extraction.  But 
extractions  of  over  90  per  cent,  have  been  obtained  on  ores  of  better 
defined  values.  The  mill  solutions  contain  8  lb.  metallic  lead  per  ton  of 
solution,  the  profitable  extraction  of  which  has  not  yet  been  worked  out. 
The  lead  is  in  the  form  of  chloride. 

It  would  seem  from  my  results  and  an  analysis  of  the  cost  data  that 
this  furnace  is  a  cheap  and  efficient  chloridizer;  that  it  is  well  adapted  to 
the  treatment  of  goldnsilver-copper  ores  having  a  siliceous  gangue,  and 
opens  a  field  of  great  possibilities. 


Digitized  by 


Google 


2758  CHLOKIDIZINQ  LEACHING  AT  PAEK  CITT 

Oliver  C.  Ralston,*  Salt  Lake  City,  Utah. — Mr.  Holt  has  given  some 
costs  for  roasting  (16.5c.  per  ton)  which  are  so  surprisingly  low  that  they 
call  for  comment.  Mr.  Holt  has  informed  me  that  this  cost  does  not 
include  the  cost  of  salt,  which  is  a  variable  factor  rather  hard  to  approxi- 
mate. This,  taken  in  conjunction  with  the  low  price  paid  for  coal  dust, 
makes  his  low  figure  more  easily  comprehended.  However,  it  might  be 
well  to  call  attention  to  the  fact  that  although  this  coal  dust  is  a  waste 
product,  loaded  on  to  cars  for  the  cost  of  the  labor  necessary  to  do  it,  if 
chloridizing  leaching  reaches  a  very  extensive  application  the  coal  men 
will  be  liable  to  feel  that  they  are  entitled  to  a  little  more  than  25c-  per 
ton  for  this  product.  Still,  if  the  Holt-Dem  roaster  can  roast  ore  at 
25c.  per  ton,  allowing  for  higher  cost  of  coal  dust,  there  will  be  nothing  to 
complain  of,  and  Messrs.  Holt  and  Dern  are  to  be  congratulated  on  their 
solution  of  the  mechanical  difficulties  in  applying  this  kind  of  a  roast. 

Another  point  about  this  roaster  is  that  it  seems  to  be  designed  along 
the  Une  of  good  counter-current  principles  so  as  to  act  as  a  heat  exchanger. 
The  fuel  is  burned  in  the  ore,  as  in  the  blast  furnace,  affording  a  maximum 
of  heat  absorption  by  the  ore.  We  find  the  air  blast  being  preheated  by 
the  hot  roasted  ore  before  it  reaches  the  zone  of  combustion  and  then  the 
hot  gases  of  combustion  in  their  turn  preheat  the  ore  before  it  reaches  the 
combustion  zone.  And,  moreover,  the  machine  is  simple  and  inexpensive. 
It  would  look  as  though  this  roaster  should  have  a  future. 

Outside  of  the  new  roaster,  the  process  will  be  found  to  be  nothing  but 
a  new  modification  of  the  old  Augustine  process,  used  in  days  past  in  the 
hydrometallurgy  of  silver.  Nothing  but  the  roaster  is  subject  to  patent 
and  the  rest  of  the  process  is  old  enough  to  be  free  to  all.  In  Utah  there 
is  a  great  deal  of  ore  that  is  amenable  to  this  treatment  and  doubtless 
more  mills  will  be  built  now  that  we  are  getting  some  assurance  that  the 
process  pays.  Likewise  there  is  plenty  of  such  ore  elsewhere  in  the  Unit^ 
States.  It  is  an  interesting  sight  to  see  a  process  as  old  as  the  Augustine. 
which  had  seemingly  been  hurled  into  Aphelion  by  the  introduction  of 
cyaniding,  now  coming  back  to  claim  its  own. 

Two  drawbacks,  however,  are  to  be  met  with,  and  one  of  them  ^Ir. 
Holt  has  already  mentioned;  namely,  the  deleterious  effect  of  lime.  There 
is  plenty  of  ore  within  a  radius  of  50  miles  of  where  we  sit  which  will  be 
found  to  contain  a  fatal  amoimt  of  Ume.  The  other  drawback  is  that,  as 
of  old,  we  cannot  recover  the  zinc  of  the  ore.  Mr.  Holt  informs  me  that 
he  does  not  know  whether  the  zinc  of  the  ore  is  chloridized  and  goes  into 
solution  or  not,  but  it  ought  to.  At  one  of  the  plants  of  the  Pennsylvania 
Salt  Co.,  where  they  have  roasted  pyrite  cinder  for  25  years,  the  zinc  eon- 
tent  is  definitely  known  to  be  chloridized  and  accumulates  in  the  leach 
solution,  and  for  years  was  finally  discarded  into  the  sewer  at  the  rate  of 


*  Non-member.  ^-^  ^ 

Digitized  by  LjOOQIC 


CHLORIDIZmO  LEACHING  AT  PARK  CITY  2759 

several  thousand  pounds  of  zinc  per  day.  Recently  efforts  have  been 
made  to  recover  this  zinc.  The  consumption  of  the  salt  by  this  zinc  and 
its  fouling  of  the  solutions  and  ultimate  loss^  while  not  serious  at  the  On- 
tario, is  bound  to  become  a  serious  problem  with  the  further  app  ication 
of  the  process. 

There  are  a  number  of  questions  which  I  would  like  to  put  to  Mr.  Holt 
and  they  are  as  follows: 

It  is  stated  in  the  paper  that  ores  amenable  to  this  type  of  treatment 
are  those  with  high  percentages  of  silica,  iron,  or  manganese.  Is  there  a 
lower  limit  of  silica  allowable?  Must  the  iron  be  as  sulphide  or  oxide? 
What  is  the  advantage  of  the  presence  of  pyxite,  is  it  necessary,  and  if  so 
in  what  percentages?  How  can  high  manganese  cause  the  ore  to  chlo- 
ridize  well? 

What  is  the  maximum  allowable  amount  of  lime? 

How  can  one  determine  the  amounts  of  salt  and  of  fuel  necessary  for 
this  roast? 

The  paper  states  that  the  driers  reduce  the  moisture  to  5  per  cent.,  but 
that  there  is  considerable  variation  from  this  amount.  How  much  is  the 
variation?  In  other  words,  how  much  is  the  allowable  variation  in  mois- 
ture content  of  the  ore  on  roasting? 

How  many  tons  of  solution  and  of  wash  water  are  used  in  the  Ontario 
mill  to  one  of  ore? 

Does  the  Holt-Dern  roaster  handle  a  finely  crushed  bre? 

Theodore  P.  Holt,  Park  City,  Utah  (communication  to  the  Sec- 
retary*).— In  reply  to  Mr.  Ralston's  discussion,  I  must  confess  my  in- 
ability to  answer  all  his  questions.  Some  of  them  would  require  gener- 
alizations too  broad  for  our  present  limited  experience. 

Silica,  iron,  and  manganese  are  indicated  as  desirable  gangue  minerals 
in  an  ore  to  be  chloridized.  Silica  at  proper  roasting  temperatures  is  for 
the  most  part  inert.  Iron  and  manganese  are  generally  recognized  as 
active  chloridizing  agents.  The  iron  is  desirable  either  as  oxide  or 
sulphide,  preferably  as  sulphide.  Pyrite  is  very  desirable  though  not 
always  necessary.  In  the  first  place,  it  is  an  active  chloridizer  of  silver 
and  copper.  Secondly,  it  converts  CaCOs  and  CaO  into  inert  CaSOi. 
In  the  third  place,  it  is  valuable  as  a  fuel  and  when  present  to  the  amount 
of  6  per  cent,  or  over  no  additional  fuel  is  required. 

The  deleterious  effect  of  lime  in  chloridizing  metals  is  well  recog- 
nized. When  the  chloridizing  roast  is  followed  by  an  acid-salt  leach,  as  in 
our  case,  it  is  doubly  essential  that  all  CaCOs  and  CaO  be  converted 
into  neutral  compounds;  otherwise  the  consumption  of  acid  would  be 
prohibitive.  We  have  secured  satisfactory  results  on  an  ore  carrying  23 
per  cent.  CaO  by  analysis.     But  since  the  ordinary  analysis  reports  the 
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calcium  combined  as  sulphate  and  silicate  as  well  as  the  carbonate,  it  is 
of  limited  value  in  determination  of  probable  results. 

The  "amounts  of  salt  and  fuel  necessary  for  the  roast"  can  be  deter- 
mined by  experiment  on  a  small  sample.  The  amount  of  both  reagents 
in  the  mill  will  be  slightly  less  than  in  the  small  laboratory  roaster. 

The  moisture  in  the  mixed  ore,  while  essential,  may  be  subject  to 
considerable  variation  without  serious  effects.  TPith  the  new  roaster 
the  variation  may  be  from  4  to  9  per  cent,  in  many  cases  without  seriously 
affecting  the  results. 

Mr.  Ralston  asks  if  the  Holt-Dem  roaster  can  handle  finely  crushed 
ore.  This  depends  on  the  characteristics  of  the  individual  ore,  and  also 
on  the  size  he  designates  as  "finely  crushed."  We  have  found  some  ores 
to  work  well  when  crushed  to  20  and  even  30  mesh.  However,  we  must 
bear  in  mind  that  one  characteristic  of  this  roaster  is  its  ability  to  chlorid- 
ize  well  coarsely  crushed  ore,  thus  avoiding  the  expense  of  fine  grinding. 
This  has  been  demonstrated  in  a  great  many  ways.  I  will  mention  one 
by  way  of  illustration.  A  large  sample  of  ore  crushed  to  pass  J-in. 
screen  was  cut  in  two  samples.  Sample  No.  1  was  passed  through  the 
Holt-Dem  roaster  carrying  a  4-ft.  column.  Sample  No.  2  was  roasted 
in  a  bed  only  12  in.  deep.  Leached  under  the  same  conditions,  sample 
No.  1  gave  92  per  cent,  extraction,  while  sample  No.  2  gave  only  83  per 
cent,  extraction.  The  difference  is  due  to  the  fact  that  sample  No.  1 
was  in  intimate  contact  with  the  chloridizing  gases  at  a  chloridizing  tem- 
perature for  over  4  hr.,  while  for  sample  No.  2  these  conditions  lasted  less 
than  1  hr.  The  prolonged  heating  is  effective  in  opening  up  the  coarse 
particles  of  ore,  thus  exposing  any  inclosed  mineral  particles. 

Since  preparing  the  paper  on  Chloridizing  Leaching  at  Park  City  a 
successful  silver  precipitator  has  been  put  in  operation  at  the  plant. 
This  makes  possible  the  marketing  of  a  high-grade  bullion  in  place  of  the 
base  silver  precipitate,  thus  materially  reducing  the  marketing  expense. 
Before  entering  the  iron  boxes  as  shown  in  the  flow  sheet,  the  pregnant 
solution  is  first  pumped  to  two  cement  tables,  each  8  ft.  wide  by  40  ft. 
long.  These  tables  have  a  slope  of  1  in.  to  the  foot  and  carry  a  thin 
layer  of  scrap  copper,  upon  which  the  silver  precipitates.  Practically 
all  the  silver  remains  on  the  table  until  clean-up  time.  At  the  lower  end 
of  the  tables  is  a  settling  tank.  Twice  each  month  the  silver  product  is 
sluiced  into  this  tank  and  the  excess  water  decanted.  It  then  passes 
to  a  filter  tank,  where  it  receives  a  final  wash.  The  dried  product 
carries  60  to  70  per  cent,  silver  and  melts  easily  to  bullion  970  fine. 
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Mining  Claims  within  the  National  Forests 

Discussion  of  the  paper  of  E.  D.  Gardner,  presented  at  the  Salt  Lake  meeting,  August, 
1914,  and  printed  in  BuUetin  No.  91,  July,  1914,  pp.  1467  to  1471. 

H.  V.  WiNCHELL,  Minneapolis,  Minn. — There  are  two  questions  I 
should  like  to  ask:  First,  does  the  Department  still  adhere  to  the  decision 
made  in  the  East  Tintic  case?  Second,  does  the  Department  require 
placer  ground  to  be  of  such  value  that,  in  the  opinion  of  the  Forest  Service 
employees,  it  will  pay  to  work,  before  admitting  the  location  to  be  valid? 

T.  C.  HoTT,*  Ogden,  Utah. — With  reference  to  the  first  question: 
the  Department  does  not  hold  to  that  decision,  as  it  was  reconsidered 
by  the  Secretary  of  the  Interior,  and  the  Department  is  governed  by  the 
decision  of  the  Secretary  of  the  Interior,  on  those  points  always.  The 
Department  of  Agriculture  makes  no  decision  as  to  what  constitutes  a 
sufficient  discovery.  The  mineral  examiners  simply  report  their  findings 
and  opinions.  These  are  transmitted  to  the  chief  of  the  field  division 
of  the  General  Land  OflBice,  who  in  turn  transmits  the  reports  to  the  Com- 
missioner of  the  General  Land  OflBce,  who  decides  whether  the  report 
raises  an  issue  requiring  a  hearing.  If  a  hearing  is  ordered,  expert  testi- 
mony is  given  on  the  question  of  the  discovery,  as  well  as  the  evidence  of 
practical  people  who  operate  in  the  vicinity  of  the  claim  in  question.  As 
to  the  extent  of  placer  values  considered  sufficient  to  justify  a  location, 
my  answer  will  need  a  little  amplification.  I  couldn't  answer  it  directly 
for  the  reason  that  sometimes  people  resort  to  placer  claim  location  as  a 
means  of  acquiring  land  for  other  purposes  than  placer  mining,  which 
makes  it  absolutely  necessary  that  the  government  give  close  attention 
to  the  question  of  whether  good  faith  has  been  shown,  as  it  is  the  evidences 
of  good  faith  that  largely  determine  whether  a  report  adverse  to  a  claim 
shall  be  made.  That  is  a  difficult  point  to  cover  sometimes.  For  in- 
stance, in  the  region  I  have  recently  visited  there  are  some  17  miles  of  a 
valley,  from  i  to  J  mile  in  width,  all  covered  by  placer  locations. 
It  is  valuable  stock-grazing  land,  and  is  stocked  at  the  present  time.  It 
also  contains  a  stand  of  timber,  and  is  on  the  watershed  of  an  important 
stream — ^important  from  the  fact  that  it  furnishes  the  water  supply  to 
governjment  storage  reservoirs,  and  to  pending  reclamation  and  Carey 
Act  projects.  In  this  case  the  placer  claims  will  not  be  disturbed  as 
mere  locations.  They  will  simply  remain  there,  and  there  will  be  no 
action  with  reference  to  them  until  the  claimant  asks  for  patent  or,  before 
patent,  begins  to  denude  that  watershed  and  remove  that  timber.  Then 
the  government  would  direct  that  the  mineral  experts  go  on  to  the  ground, 
examine  it,  prospect  it,  and  submit  their  report,  with  a  view  to  seeing  if 
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the  claims  were  really  valid  and  being  used  for  actual  mining  purposes. 
Placer  claims  in  the  National  Forests  to-day  are  covering  power  sites, 
homesteads,  dipping  corrals,  sawmills,  summer  resorts,  and  a  good  many 
other  things,  but  a  claim  that  is  located  as  a  bona  fide  placer  claim  and 
used  for  purposes  consistent  with  mining  will  not  be  disturbed  by  the 
Forest  Service. 

This  is  an  illustration  of  our  attitude.  In  one  of  the  Nationcd  Forests 
where  we  had  a  withdrawal  by  the  Secretary  of  the  Interior  for  administra- 
tive purposes,  the  tract  supported  a  cabin,  pasture,  and  small  field. 
Subsequently  placer  locations  were  made  to  cover  this  site  and  additional 
land  up  and  down  the  canyon.  The  proposition  was  made  to  the  locators, 
"If  you  will  proceed  with  actual  placer  mining  up  to  the  point  where  you 
demonstrate  to  yourselves  and  to  disinterested  parties,  competent  to  pass 
upon  it,  that  you  have  a  pajdng  placer  mine,  we  will  get  out  of  the  way 
and  allow  you  to  mine  all  over  the  area,  but  we  don't  feel  that  we  can  do 
that  on  the  showing  as  now  given.  Our  experts  have  examined  the  land, 
and  do  not  report  suflScient  values  or  suflBcient  prospects  on  your  part 
to  determine  whether  you  have  values  enough  to  justify  our  giving  up 
this  land."  This  land  was  adjacent  to  a  growing  mining  camp,  and  there 
were  various  reasons  why  we  desired  to  know  whether  there  were  values 
there  to  justify  before  permitting  it  to  pass  to  patent.  These  claims  were 
not  disturbed  until  the  application  for  patent  was  made.  Then  it  was  a 
question  of  whether  this  Ij  or  2  miles  should  be  alienated,  or  whether 
we  should  wait  until  values  were  proved.  That  case  is  now  pending,  and 
our  proposition  still  stands.  That  is  as  near  as  I  can  illustrate  the  atti- 
tude of  the  Forest  Service  on  that  question. 

Mr.  Winchell. — In  the  case  of  a  quartz  locator  within  the  National 
Forest,  where  the  report  of  the  National  Forest  employees  is  to  the  effect 
that  he  has  not  made  a  valid jdiscovery,  what  proceduie  is  taken  against 
him?  Does  he  have  further  time  and  opportunity  to  perfect  it,  or  is 
some  action  taken  to  oust  him? 

Mr.  Hoyt. — That  answer  will  require  a  little  amplification,  too. 
Recently  a  mineral  examiner  of  the- Land  Office  submitted  a  report  on  a 
claim  on  the  National  Forest  which  was  adverse.  Feeling  that  more 
expert  testimony  was  desirable  before  deciding  the  issue,  the  examiner 
transmitted  the  request  to  me,  and  I  detailed  anj^examiner  to  examine 
this  claim.  Our  examiner  hunted  up  the  locator,  or  present  owner  of  the 
claim,  and  asked  the  claimant  to  accompany  him  on  the  examination, 
which  was  done.  The  owner  of  the  claim  said:  "Now,  I  want  WhtLve 
your  advice  in  this  matter.  If  you  think  that  the  reports  which  you  will 
have  to  submit,  under  the  conditions  as  they  now  exist,  are  such  as  to 
jeopardize  the  probabilities  of  my  getting  a  patent,  I  would  like  to  have 
further  time,"  and  that  proposition  was  accepted.  The  examiner  trans- 
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mitted  that  request  with  his  report  to  me,  and  I  transmitted  the  request 
to  the  chief  of  the  field  division,  with  the  recommendation  that  no  action 
be  taken,  and  that  the  applicant  be  not  required  to  defend  his  claim  at 
the  present  time,  but  be  given  such  time  as  he  thought  desirable  in  order 
to  make  a  better  showing,  and  mind  you,  this  was  on  an  application  for 
patent.  It  should  be  borne  in  mind  that  these  lands  have  been  declared 
by  the  President  of  the  United  States,  under  authority  of  Congress,  to 
be  lands  valuable  for  a  certain  purpose,  a  certain  public  purpose;  there- 
fore, before  alienation  is  sanctioned,  the  Department  having  jurisdiction 
of  the  National  Forest  administration  has  to  look  carefully  into  these 
questions.  The  examination  of  mining  claims  in  the  National  Forest 
by  the  Forest  Service  came  about  in  1906,  when  the  Secretary  of  the  In- 
terior was  petitioning  for  additional  appropriations  to  examine  lands. 
Congress  did  not  appropriate  to  meet  the  requirements  to  the  extent  that 
the  Secretary  of  the  Interior  thought  desirable,  so  the  President  suggested 
at  the  time,  "Can  you  not  use  the  Forest  officers  throughout  the  National 
Forests  in  this  respect?"  and  he  directed  the  Secretary  of  Agriculture 
and  the  Secretary  of  the  Interior  to  confer  on  this  matter,  and  see  if  they 
could  bring  about  some  arrangement.  The  result  was  that  the  Secretary 
of  the  Interior  instructed  the  Commissioner  of  the  General  Land  Office 
to  transmit  instructions  to  the  Register  and  Receiver,  in  all  cases  of  appli- 
cation to  patent  lands  in  National  Forests,  to  notify  the  Forest  Service. 
The  reports  as  to  mining  claims  may  in  the  first  instance  come  merely 
from  a  ranger,  who  may  not  be  qualified  to  pass  on  technical  questions, 
but  his  report  is  placed  in  the  hands  of  the  mineral  examiner,  who  is  a 
man  of  considerable  experience  throughout  the  West,  the  one  in  my  office 
at  the  present  time  being  a  graduate  of  the  Columbia  School  of  Mines. 
He  examines  the  report,  and  if  there  are  sufficient  evidences  of  good  faith, 
the  claim  is  passed  without  question,  the  chief  of  Field  Division  being 
advised  that  there  is  no  protest  against  the  allowance  of  a  patent  in  that 
case.  If  the  evidence  of  good  faith  ia  manifest,  we  don't  bother  with 
technical  examinations,  or  don't  raise  technical  questions,  as  Mr.  Gardner 
indicated  in  his  paper;  but  if  there  seems  to  be  a  lack  of  compliance  with 
law  then  the  mineral  examiner  is  directed  to  examine  that  claim,  but  he 
waives  technicalities  in  every  case  where  evidence  of  good  faith  is  manifest. 
The  Commissioner  acts  upon  the  report,  and  no  location  of  a  mining 
claim  in  a  National  Forest  is  interfered  with  until  he  considers  the  report, 
or,  there  is  something  in  connection  with  it  manifesting  bad  faith,  failure 
to  comply  with  the  law,  or  interference  with  the  administration.  Some- 
times we  have  had  groups  of  claims  placed  right  where  examinations  were 
being  made  with  a  view  to  sale  of  the  timber,  though  the  timber-sale  con- 
tract had  not  been  executed.  In  those  cases  we  had  the  mineral  examiner 
examine  the  claims  carefully.  He  took  very  careful  note  of  everything 
indicating  the  possibility  of  values  and  which  threw  any  light  upon  the. 
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question  of  good  or  bad  faith  of  the  locators.  In  some  cases  we  have 
had  to  go  to  the  extent  of  asking  for  a  hearing,  with  the  result  that  the 
claims  were  canceled,  and  we  proceeded  with  the  sale  of  the  timber, 

D.  W.  Bbunton,  Denver,  Colo. — In  a  case  where  two  contiguous 
claims  are  held  by  the  same  owner,  one  of  which  has  timber  on  it,  and  the 
other  hasn't  any  timber,  can  a  man  operating  a  mine  take  the  timber 
from  the  timber  claim  and  use  it  on  the  other  claim?  I  ask  this  because 
of  a  complaint  that  was  made  of  a  man  who  had  two  parallel  claims  in 
Idaho,  both  of  which  were  being  worked  and  producing,  one  claim  being 
covered  with  timber,  and  the  other  absolutely  bare.  He  claimed  that 
the  Forestry  Department  compelled  him  to  purchase  timber  from  them 
instead  of  taking  it  from  the  parallel  contiguous  claim  which  he  owned, 
and  which  was  covered  with  timber. 

Mr.  Hoyt. — The  rule  is  that  it  is  allowed  without  question;  but  it  has 
happened  in  many  instances  that  operators  during  the  prospecting 
period  of  their  mining  have  located  surrounding  ground  with  timber  on 
it,  and  have  made  no  effort  whatever  to  develop  that  particular  ground 
as  a  mine,  but  have  simply  used  the  timber  off  of  it  to  develop  a  claim 
having  actual  mineral  value.  I  can't  understand  why  purchase  was 
necessary  in  the  case  mentioned,  because  if  the  miner  was  simply  prospect- 
ing he  wouldn't  have  to  purchase  the  timber,  but  if  he  has  a  paying  mine 
then  we  would  not  allow  him  to  locate  timber  land  under  mining  claims 
without  going  ahead  with  bona  fide  development  and  showing  mineral 
value  on  the  timbered  claim.  In  case  the  timber  were  required  for  a 
paying  developed  mine,  they  might  require  him  to  purchase  at  the  rates 
prevailing  in  that  immediate  vicinity  instead  of  allowing  it  to  be  taken 
from  a  located  claim  not  showing  mineral  values. 
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Drift  with  Your  Stoper? 

Of  course,  if  it's  a  Reverse-Feed  Sullivan! 


IN  many  instances,  it  is  a  convenience  to  be  able  to  stope  and  drift 
with  the  same  drill.  The  Sullivan  Reverse-Feed  Stoper  fills  this 
requirement  admirably.  For  drifting,  the  feed  cylinder  is  gripped  in 
a  simple  clamp,  that  slips  into  a  standard  rock  drill  saddle  on  a  bar 
or  column  arm. 

When  the  drift  is  drilled  up,  the  loosening  of  one  bolt  frees  the  tool 
for  another  round  of  uppers  in  the  stope. 

Air- Jet  Stoper s  are  recommended  where  many  flat  holes  are  needed.  A  blast  of 
air  through  the  bit  keeps  the  hole  clean.  Where  dust  is  objectionable,  a  water 
spray  may  be  attached  to  the  drill. 

There's  a  Sullivan  Stoper  just  suited  to  give  best  results  in  your  working  con- 
ditions.   Bulletin  866-G. 


AIR  COMPRESSORS 


ROCK  DRILLS 


DIAMOND  DRILLS 


Sullivan  Machinery  Company 


122  S.  Michigan  Ave. 


Ctiicago,  U.  S.  A. 
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Used  Everywhere  by 

Satisfied  Mining  Engineers 


The  Popular  GURLEY 

Light  Mountain  Transit  No.  28 

5.65'^  limb ;  8*^  telescope ;  ^'  needle. 

Weight,  10  3/4  lbs.    Price,  $186, 
including  Extension  Tripod  and 
Leather  Case,  F.O.B.  Troy  or  Seattle. 

The  extreme  accuracy  of  this  rigidly-constructed,  pre- 
cisely-graduated transit,  combined  with  its  light  weight, 
general  adaptability,  and  moderate  price,  explains  why 
such  large  numbers  are  being  sold  to  satisfied  engineers 
throughout  the  Um'ted  States,  Canada  and  Mexico. 

Write  for  latest  illustrated  Catalog. 

W.  &  L.  E.  Gurley,  Troy,  IN.  Y. 

Branch  Factory:  Maritime  BIdg.,  Seattle,  Wash. 
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Golden  Opinions 

FROM    OUR   CUSTOMERS 


THE  BUTTERFLY  STOPER 


TN  a  test  recently  conducted  between 
•*•  the  Butterfly  Stoper  and  one  of  a 
competitive  make  it  was  found  that 
the  Butterfly  drilled  yof  inches  in  19^ 
minutes  as  against  59^  inches  in  the 
same  time  by  the  competing  machine. 
Size  of  drill  hole  and  character  of  ground 
were  the  same  in  both  cases.  As  a 
result  the  Butterfly  has  been  adopted. 


SHAHUCK-EDINGER  CO. 


Point  Richmond  Tunnel  Job     :: 


California 


Send  for  Bulletin  42 11 


IINGERSOLL-RAIND  COMPANY 


NEW  YORK 

AIR   COMPRESSORS 


Offices  the  World  Over 
ROCK    DRILLS 


LONDON 

JACK-HAIVIIVIERS 


^'\ci\r\zeci  hv 


(^      6-BSD 
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The 
Development 

of  Storage  Battery  Locomotives 
(or  use  in  mines  dates  from 
the  perfection  of  the  EDISON 
Nickel-Iron  Alkaline  Storage 
Battery. 

The  Edison  Battery 

will  work  anywhere — ^wet  or 
dry,  hot  or  cold — for  anyone — 
expert  or  non-expert.  It  is  the 
only  economical  battery  for 
practical  mining. 


Edison  Storage  Battery  Co. 

165  Lakeside  Avenue,  Orange,  N.  J. 


.yiiuu.,C0( 
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The  Slogan  of  the  Cameron — "CharaOer:  The  Grandest  Thing" 


As  always,  they  "PROVED  SATISFACTORY" 
CAMERON  PUMPS  on  Mt.  Royal  Tunnel 


The  above  illustration  shows  a  typical  example  of  Cameron  Pump  efficiency. 

One  of  the  twenty-seven  (27)  Cameron  Pumps  on  the  Mount  Royal  Tunnel 
of  Montreal  is  shown  working  against  a  total  head  of  290  feet.  In  regard 
to  the  service  given,  the  engineer  in  charge  writes: 

"  The  Cameron  Pumps,  as  always,  proved  satisfactory."  There  could  be 
no  more  severe  test  of  the  value  and  exceptional  quality  of  Cameron  Pumps 
than  in  this  case.  It  proves  their  unusual  fitness  for  this  class  of  work.  Their 
simplicity,  compactness  and  durability  all  take  on  intensified  value  when  applied 
to  mine  work. 

Write  for  Bulletin  No.  103  on  Cameron  Pumps— It*t  Free 

A.  S.  Cameron  Steam  Pump  Works 

11  Broadway,  New  York  offices  the  world  over 


BULLETIN,  A.  I.  M.  E.— ADVERTISING  SECTION 


A  Barsteel  Gathering  Locomotive  That 
Operate  in  a  29-inch  Clearance 

Here  is  an  illustration  of  a  Baldwin- Westinghouse  Bar-     • 
steel  electric  gathering  locomotive  that  operates  success- 
fully in  a  clearance  of  29  inches — ^36  inches  was  heretofore 
considered  about  the  limit  for  locomotives. 

Great  care  has  been  exercised  in  keeping  the  overall 
weight  to  a  minimima,  as  is  shown  in  the  general  construc- 
tion of  the  locomotive  and  the  location  of  the  reel. 

There  is  not  a  projection  above  the  top  of  the  frame 
anywhere  and  ample  room  has  been  provided  to  permit 
the  operator  to  crouch  upon  his  seat. 

The  reel  is  driven  by  an  independent  motor  contained 
inside  the  red  drum.  This  motor  is  in  effect  an  electrical 
spring.  It  tends  to  wind  the  cable  up  and  its  turm'ng 
force  acts  as  a  brake  and  keeps  the  cable  taut  when  the 
locomotive  enters  the  room  and  promptly  takes  up  all 
slack  when  the  locomotive  returns. 

With  this  t)rpe  of  reel  there  is  easy  access  to  the  loco- 
motive motors,  because  of  its  being  located  out  of  the  way 
on  the  rear  of  the  frame.  The  armature  of  the  reel  motor 
can  be  readily  removed  for  inspection  and  overhauling. 

Locomotives  of  this  type  have  successfully  solved  the 
problem  of  gathering  in  very  low  rooms.  Our  specialists  in 
mine  haulage,  who  make  a  careful  study  of  various  mining 
problems,  will  be  glad  to  assist  you  in  selecting  the  proper 
equipment  for  your  mines. 

Get  in  touch  with  them  by  writing  to  either  company 

The  Baldwin  Locomotive  Works 

Philadelphia,  Pa. 

Westingtiouse  Electric  &  Mfg.  Co. 

East  Pittsburgh,  Pa.  nr^r^n], 
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Weston  Ammeters  &  Voltmeters 

FOR  A,  C.  MINING  SERVICE 

Tkese  instmmeiiU  are  of  the  same  standard  quality  and  possess 
the  same  features  of  durability  and  workmanship  as  the  well- 
known  Weston  standard  D.  C  instruments.  They  are  so  low 
in  price  as  to  be  within  ihe  reach  of  all  users  of  electrical 
measuring  instruments. 

Weston  A,  C,  instruments  are — 

Dead  Beat 

Extremely  Sensitiye 

PracticaDy  Independent  of 

Wave  Form  and  Temperature 

Error,  and  require  very  Litde 

Power  to  operate 


Edipee  Swttchboafd 
D*  Glnstrttmeat 


Portable  A*  C 
Instrument 


FOR  D.  C.  CIRCUITS  OF  SMALL 
MINE  PLANTS 


Switchboard  A.  C 
Instrument 


Weston  Eclipse  Ammeters,  Milliammeters 
AND  Voltmeters 

are  well  suited.  They  are  of  the  '' softjron  *'  or  Electro- 
magnetic type,  remarkably  accurate,  well  made^  nicely 
finkhedy  ana  especially  low  in  price.  Weston  Eclipse  in- 
struments are  far  in  aovance  of  all  preceding  forms  of  the 
soft-iron  types. 

Write  for  catalogue  and  information. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  n  ewark,  n.  J.,  u.  s.  A. 

Nsw  York  Office  :  114  Liberty  Street. 

Londsn  Branch  :  Audrey  House,  Ely  Place,  Holbom. 

Paris,  Francs :  E.  H.  Cadiot,  12  Rue  St.  Georges. 

Barlin  :  European  Weston  Instrument  Co.,  Ltd.,  Schoneberg,  Genest  Str.|  5* 
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The  New  VULCAN  Hoist  at  Greensburg,  Pa. 


This  big.  new  VULCAN  at  Greensburg.  Pa.,  is 
doing  shaft  duty  for  the  Greensburg  Coal 
Company.  Safetv.  Strength,  ^  Reliability. 
Bconomy.  were  the  prime  requirements  that 
had  to  be  met  when  this  hoist  was  designed. 
Bvery  part  of  this  hoist  was  designed  to  pro- 
duce the  utmost  in  hoist  satisfaction.  (Need- 
less to  say  that  this  is  true  of  all  VULCANS.) 


The  laoo-ft.  rope  speed  called  for  a  300-H.  P. 
2300-volt  motor;  Wuest  Herringbone  gears 
were  employed  to  minimize  the  danger  of 
tooth  breakage  and  diminate  backlash;  a 
compensated  air-operated  brake  gives  ab- 
solute control;  the  anti-overwindmg  device 
spells  Safety.  Write  for  more  information 
on  this  VULCAN. 


VULCAN  IRON  WORKS,  1744  Main  St.,  WILKES-BARRE,  PA. 


New  York,  90  Church  Street. 


Chlcaoo.  913  McConwIck  BkJQ. 


Star  Portable  Drilling  Machines 

Built  In  many  sites  boU  trai^tloo  a&d  aon-trmction 
for  driOltif  all  depths  to  4CKM)  Nat, 


BQUIPPBD  FOR  8TBAM,  GAS  OR  BLBCTRICAL  POWBR 

For  Water  Wells — OQ  and  Gas  Wells — ^Mineral  Prospecting — ^Railroad  and  Canal 
Excavations — Cement  and  Crushed  Stone  Quarries — Bridge  Soundings— Coal  l^rinf 
VentOlation-'Irrigation,  Etc  Write  for  Illustrated  Catalog. 

THE  STAR  DRILLING  MACHINE  COMPAinr, 

General  Offices:  Akron,  Ohio.    Branch  Office:  a  Rector  St,  New  Yodt  Cttf. 

Wockst  Akron,  Ohio.— Cluurato,  Knniaa.— Pordand,  Orocm.— Long  Boach,  CtL 

""        'gye'cfbyQuU^L 
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BULLETIN,  A.  L  M.  B.— ADVERTISING  SECTION 


Our  Governing   Policy 

In  the  Design  of  Electric  Mine  Locomotives  for  trara 
ming  purposes  in  Metal  Mines,  is— 

"JEFFREY 
LOCOMOTIVES 

must  take  care  of  them- 
selves regardless  of  any 
conditions  of  grade  or 
load." 

Each  Locomotive  is  furnished  with  motors  that  have  capacity  equal  to  the 
fixed  TTiflTimtim  rated  tractive  effort  above  which  the  driving  wheels  will  slip. 
(This  means  continuous  cool  operation  with  the  very  minimum  of  electrical 
troubles.) 

Ball  Bearings  Eliminate  ARMATURE  Troubles. 

Write  for  Bulletin  No.  117  telling  about  other  desirable  features  you  should  know  about. 

JEFFREY  MFG.  COMPASY,  COLDMBUS,  OHIO. 


ROCK  CRUSMINQ 

Reduced  to  a  Science  by 

Traylor  Large-Jaw  Crushers 


Our  crushers  are  equipped  with  features  which  reduce  the  cost  of  maintenance  to 

a  minimum,  such  as 

Water  Cooled  Bearings.    Absolute  Adjustment.    Perfectly  Lubricated 

Bearings  and  Manganese  Steel  Wearing  Parts. 

For  further  parltcuiars,  send  for  Catalogue  G-2. 

TRAYLOR  ENGINEERING  &  MANUFACTURING  CO. 

MAIN  OFFICE  &  WORKS— ALLEINTOWN,  PA. 

N.  T.  Oflce.  30  Church  Street  Western  Office,  Selt  Lake  City 
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Pneumatic  Tool  Hose 

T« 
HE  extensive  use  of  pneumatic  tools  in  modem  en- 
gineering works  calls  for  a  Hose  combining  strength 
and  flexibility  with  b'ght  weight  and  a  tube  to  resist 
the  action  of  oil  which  is  constantly  passing  from  the  com- 
pressor to  the  tool. 

All  these  qualities  are  embodied  in  our  Perfected  and 
Special  Perfected  brands  of  Pneumatic  Tool  Hose.  A  trial 
will  convince  you  of  their  quality  and  economy.  Samples 
and  prices  furnished  upon  application. 


PEERLESS  RUBBER  MANUFACTURING  COMPANY 

16  Warren  Street  NEW  YORK  CITY 


0k 


The  true  test  of  economy  in  the  use  of 
a  mechanical  appliance  is  not  so  much 
price  as  service. 

By  such  test  you  should  judge 


Roebling  Wire  Rope 


From  the  steel  fiunace  to  the  finished 
rope  every  process  of  manufacture  is 
conducted  so  as  to  result  in  a  service- 
able rope. 

John  A.  Roebling's  Sons  Co. 


Trenton,  N.  J. 
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BULLETIN,  A.  L  M.  E.— ADVERTISING  SECTION 


ife"  to  you 
^and 


you 


Here  is  a  "Long  Life'*  belt  that  means 
long  life  to  your  success. 
It  goes  a  long  way  toward  cutting  down 
your    tonnage   costs  —  delays  —  power 

waJites. 


arc  long  on  strength  of  duck,  good  fric- 
tiun  and  ability  to  work  hard  and  show 
little  wear.  In  flexibility,  troughing 
and  smooth-running  they  are  unsur- 
passed. We  will  gladly  refer  you  to 
pliuits  which  are  finding  our  belts  best. 

ich  Company 

nmrm  ig  nothing  in  Goodrich 

Advrtiainw 
thai  Imi'C  in  Goodrich  Goods, 


INTERIOR  FOCUSING 


An  exclusive  feature  of  the 
Bausch  &  Lomb  Engineer- 
ing Instruments  that  should 
appeal  to  every  progressive 
engineer, 

is  the  interior  system 

of  focusing. 

The  movable  negative  lens 
between  the  objective  and 
the  diaphragm  is  the  most 
satisfactory  method  of  solv- 
ing the  focusing  problem. 

Our  new  Catalog,  Metro  III,  gives  an  in- 
teresting discussion  of  this,  as  well  as 
many  other  distinctive  features. 

WRITE    FOR    COPY   TO-DAY 

Bausch  ^  Ipmb  Optical  ©. 

■  CW     TOOK  WAtMINCTOM  CHICAGO  »Ah     mANCUCO 

MMooN  R0CHE:STER..N.Y.  »"«»*»""^oaT 


No.  60t  TheodoUte 


SEND    FOR 


■^ftTeS^tfo^ic 
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BULLETIN,  A.  I.  M.  E.— ADVERTISING  SECTION 


\\r^  want  thinkers  and  investiga- 
^  ^  tors  to  try  Schieren's  Duxbak 
Waterproof  Leather  Belting— 

For  this  class  of  men — the  sort  that  get  right  down  into  the 

vitals  of  things — are  the  ones  who  finally  decide  to  use  DuxbaL 

Reg.  U.  S.  Pat  OflF. 

CHARLES  A.  SCHIEREN  COMPANY 


39  FERRT  STREET 


NEW  YORK  CITY 


PARRAL  TANK  SYSTEM  OF  SLIME  AGITATION 

The  most  Efficient  and  Economical  in 

Cyanldation  of  Gold  and  Silver  Ores 
Acid  Leaching  Copper  Ores 
Oil  Flotation  of  Sulphide  Ores 

For  information  address, 

Bernard  MacDonald,  Mgr., 
I.  W.  Hellman  Bldg.,  Los  Angeles,  Calif* 


Efficient  Equipment 

The  Dorr  Classifier 

The  Dorr  Continuous  Thickener 

The  Dorr  Agitator 

In  use  by  Institute  Members  all  over  the  world. 

The  Dorr  Cyanide  Machinery  Co. 

NEW  YORK                               DENVER.  COLORADO                                     LONDON 

KEEP  UP  TO  DATE 

I      By  tabtcribiog  to  the 
REVUE  DE  LMNOENIEUR  &  INDEX  TECHNIQUE  aoth  Year)     _    ^  .    .,.       __  __,^. 

An  BnginMrins  Journal  and  Complete  Record  of  the  World's  Teduucel  Literatere.  «efc 
indexet,  claMifiet  and  publiihet  monthly  r6eamte  of  hundreds  of  technical  penpdieals. 

Annual  Subscription,  S4/-.    Belsium  and  France,  so/ -.    Or  Better  StOl  by  Joinuc 
THE  TECHNICAL  AND  INDUSTRIAL  INSTITUTES  ,  ^  ,  ,.  ^      . 

Comprising:  Division  A.— Indexed  Technical  and  Industrial  Uterature,  current  and 
retrospective.  Division  B.—Reading  Room  and  Reference  library.  Mining.  Pruepectuf. 
Specifications  of  Inventions.  Division  C— Laboratories  for  Analyses.  PnctieBl  Chem- 
istry, Stttdenu  admitted.  Laboratories  for  Inventors.  Division  D  --Industn^  fm- 
prudence.  Division  B.— Translations  in  all  Languages  and  facilities  for  the  sotataoo  of 
various  engineering  problems. 

Subseriptiott  for  Membership.  40/  -  per  annum.    Further  partiealaft  on  Rsq^MSC 


Offices:  70,  Boulevard  D'Anderlecht,  Bruxelles 

Telephone:  B3300  Telegrams:  ITI     > 
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Awarded  Bronze  Medals  Inttr.  Exposition  Safety  and  Sani- 
tation held  under  the  auspices  Amer,  Museum  of  Safety » 1913 

Never  Slip  Safety  Clamp 

(PATENTED) 

FOR  LIFTING   BOILER  PLATE 

Easily  attached  and  removed.  Cannot  slip. 
Prevents  accidents,  and  saves  time  and  labor. 
We  make  Clamps  to  hold  plate  horizontal 
:     :     :     :     :    and  vertical.     :     :     :     :     : 

Write  for  Mining   Equipment  Catalogue,  or 
Iron  and  Steel  Catalogue 

NEVER    SLIP   SAFETY    CLAMP   CO. 
141    BROADWAY  NEW  YORK 


BEER,  SONDHEIMER  ®.  CO. 

Frankfort-on-IV1aln»  Qermany 

NEW   YORK   OFFICE       -       -       6i    BROADWAY 

IZinc  Ores,  Carbonates,  Sulphides  and  Mixed  Ores,  Copper  Ores, 
Copper  Matte,  Copper  Bullion,  Lead  Bullion,  Lead  Ores,  Anti- 
mony Ores,  Iron  and  Manganese  Ores,  Copper,  Spelter,  Antimony, 
Antimonial  Lead,  Sulphate  of  Copper,  Arsenic,  21inc  Dust. 

Own  Smelting  and  Refining  Wor)[8 


L.  VOGELSTEIN  CS,  CO. 

42  Broadway  NSW  YORK 

BUYERS,  SMELTERS 
AND    REFINERS    OF 

Ore^  3nd   Metals  of  All   Classes 

Agents  for: 

Aron^Hinch  A  Sohn,  Halberstadt,  Oermuiy. 

United  States  Metal*  Reiliiliic  Co.,  Chrome,  N.  J.  end  OnuMoIU,  Ind. 

American  Zinc,  Lead  A  Smelting  Co.,  Caney  and  Dearing,  Kansaa. 

Kwnaa  Zinc  Co.,  Ia  fiarpe,  Kansas. 

The  Electrolytic  Refining  A  Smelting  Co.  of  Aostralia.  Ltd.,  Port  Kembla,  N.  S.  W. 


ACCT7RACY  IN  MEASUREMENTS 

is  best  obtained  through  the  nse  of 


fUFKfN 

MEASURING  TAPES 

1  The  more  serere  the  test,  the  better  their  showing. 
For  sale  by  all  dealers.    Send  for  Catalogue. 

mefUFKFMf?ULEt!o.  saginaw,  mich.,  u.  s.  a. 

w«w  TO«r  .  _LO^ w|WDgog,.CAW;_i(  jc 
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MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALLIS-CHALMERS  MANUFACTURING  CO. 

Milwaukee,  WisconsiiL 
MINING    MACHINERY   of  Evei^    Type.    Complete 
Power  and  Electrical  Equipments.    For  all  Canadian 
business  refer  to  Canadian  Allis-Chalmers,  Limited* 
Toronto,  Ont 


ANSON  G.  BEnS 

NEW 

Troy,  N.Y. 

Electrolytic    Lead    Refining;      Zinc    Recovery    firam 

PROCESSES 

Complex  Ores;      Laboratories   for  Metallurgical  Re- 

search. 

A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  New  Tork. 

PUMPS 

CAMERON     VERTICAL     PLUNGER     SINKING 
PUMPS,  for  shaft  sinking.    CAlHlBRON  HORIZON- 
TAL  PLUNGER   STATION  PUMPS,  for  handling 
gritty  water. 

AS8AYERS 

AND 
CHEMISTS 
SUPPLIES 


THE  DENVER  FIRE  CLAY  CO. 

D«nv«r,  C«lo.  Salt  Lak«  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORI PIERS,  Muffles,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  CaU- 
logue. 


ROCK  DRILLS 

DRILL 
SHARPENERS 

AIR  METERS 

STEEL  HOSE 

ETC. 


DENVER  ROCK  DRILL  MANUFACTURING  CO. 

Danvar,  Colo.        El  Paao,  Tax.      «Naw  York  City. 
Salt  Laka  City,  Utah.  San  Franelaeo,  Cai. 

MANUFACTURERS  OF  WAUQH  DRILLS. 


CLASSIFIERS 

THICKENERS 

AGITATORS 


THE  DORR  CYANIDE  MACHINERY  CO. 

New  York  DENVER,  COLO.  London 

Machinery  in  use  for  Cyaniding.  Wet  gravity  Concen- 
tration, Flotation,  Leaching  Copper  ores  and  many 
non-metallurgical  industrial  procesaea. 
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EDISON  STORAGE  BAHERY  Ca 

EDISON 

Orange,  N.  J. 
Manotectorers  of  the  EDISON  STORAGE  BATTERY 

STORAGE 

for  Mine  Haulage.    Write  for  descriptive  bulletin. 

BATTERY 

GENERAL  ELECTRIC  CO. 

» 

ELECTRIC 

Schenectady ,  N.  Y. 

MINE 

ELECTRIC  MINE  LOCOMOTIVES.     ELECTRIC 

LOCOMOTIVES 

MOTORS  for  Operating  Mining  Machinery. 

GOODMAN  MANUFACTURING  CO. 

Chicago,  llllnela. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


CLCCTRIC 
COAL  GUTTERS 

MINE 
LOCOMOTIVES 


THE  B.  F.  GOODRICH  CO. 

Akron,  Ohio. 

Goodrich  «Longlife"  *<  Mazecon"  St  «Orainbelt"  CON- 
VEYOR BELTS  will  handle  more  tens  per  dollar  of 
coat  than  aaj  other  belts  made. 


CONVEYOR 
BELTS 


HARBISON-WALKER  REFRACTORIES  CO. 

Pittsburgh,  Penna. 

Refractories  of  highest  grade  for  Blast  Furnace  and  the 
Open  Hear&,  Electrical  Ftimaces,  Copper  Smelting 
plants,  Lead  Refineries,  Nickel  Smelters,  Silver  Slimes 
and  Dross  Furnaces,  Alloy  Furnaces,  as  well  as  all 
other  types  in  use  in  the  various  metallurgical  processes. 


BRICK 

FIRE  CLAY 
SILICA 
MAGNESIA 
CHROME 


ILLINOIS  ZINC  CO. 

Peru,  III. 

Manufacturers  of   SPELTER,    SHEET    ZINC    and 
SULPHURIC   ACID. 


SPELTER 

SHEET  ZINC 

SULPHURIC 
ACID 


Google 
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COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  New  York. 
**Retum-Air"  Pumps,  Coal  Shearers,  Pneumatic  Hoists, 
"Electric-Air"  Drills,  Coal  Punchers,  Pneumatic  Tools, 
"Calyx"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


THE  JEFFREY  MFG.  CO. 

COAL 

Columbus,  Ohio. 

MINING 
MACHINERY 

Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Conveyv^,  Fans,  Hoists, 
Pumps,  etc. 

LEAD  LINED 

IRON  PIPE 

AND  VALVES 


LEAD  LINED  IRON  PIPE  CO. 

WakefieN,  Mass. 
*    LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — for  Acids  and  Corrosive  Waters. 


WIRE  ROPE 
AERIAL 

WIRE  ROPE 
TRAMWAYS 


A.  LESCHEN  &  SONS  ROPE  CO. 


M«rT«k  Cites*  St.  Louis.  Mo. 
Producing  WIRE  ROPE  of  qualities  and  constructi'ttL 
adapted  to  every  condition  of  wire  rope  service,  indad- 
ing  the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramways  for  the  economical  transportation 
of  any  material. 


BRIQUETTING 
MACHINERY 


MASHEK  ENGINEERING  CO. 

90  West  St.,  New  York. 
Complete  plant  equipments  4^  8,  xO  and  35  ton*  of  1  to 

3  oz.  smokeless  and  odorless  briquettes  per  hour.   Com- 
plete plants  designed  and  erected. 


NEVER 
SLIP 
SAFETY 
CLAMP 


NEVER  SLIP  SAFETY  CLAMP  CO. 

141   Broadway  New  York 

Never  Slip  Safety  Clamp  for  lifting  boiler  plate.  Pre- 
vents accidents.  Saves  time  and  labor.  Indispensable 
in  mining  and  iron  and  steel  works. 


WfiiizyUi 


lyCoQQle 
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NORDBERG  MANUFACTURING  CO. 

Milwaukee,  Wis. 

MINING 

High  Bffidency  Steam,  Air  and  Electric  Hoists,  Air 
Compressors,  Blowing  Engines,  Pumping  Engines,  Cor- 
liss Engines  and  other  machinery 

MACHINERY 

OTIS  ELEVATOR  COMPANY 

Eleventh  Ave.  and  Twenty-Sixth  St.,  New  York. 

OPriCCS  IN  ALL  PRINCIPAL  CITICS  OP  THC  WORLD. 

Build  and  erect  all  types  of  Freight  and  Passenger  Ele- 
vators— for  all  kinds  of  power; — including  Furnace 
Hoists,  Incline  Railways,  and  Special  Hoisting  Equip- 
ments and  Machines  for  Mining  use.  Correspondence 
invited. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


PARRAL  TANK  SYSTEM  OF  SUME  AGITATION 

L  W.  Hellman  Bldg.,  Los  Angeles 
Designs  and  furnishes  Complete  Plants  for 
Cyanidation  of  Gold  and  Silver  Ores 
Acid  Leaching  of  Copper  Ores 
Oil  Flotation  of  Sulphide  Ores 
Full  information  on  request. 


PARRAL 
TANK 
SYSTEM 
OF 
SLIME 
AGITATION 


PEERLESS  RUBBER  MFG.  CO. 

New  York 

Manufacturers  of  Conveyor,  Elevator  and  transmission 
belts;  packing,  valves,  air  drill  hose  and  all  other  me- 
chanical rubber  goods.    Write  for  catalogue. 


CONVEYOR 
BELTS 

PACKING 

VALVES 

AIR  DRILL 
HOSE 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Papk  Row,  New  York. 

Mesaiter  ORE  BEDDING  Systems— FURNACE 
FEEDERS;  SORTING  BELTS,  and  many  other 
special  spplications  of  what  was  the  Pioneer  and  is  the 
Standard  Belt  Conveyor;  Coal  Handling  Systems; 
Electric  Locomotives;  Hoisting  Machinery. 


ROBINS 

BELT 

CONVEYORS 


JOHN  A.  ROEBLING'S  SONS  CO. 

Trenton,  N.J. 

VITIRB  ROPE  for  mining  work.    Stock  shipments  from 
ag^encies  and  branches  throughout  the  country. 
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POSITIVE 

PRESSURE 

BLOWERS 

VACUUM  AND 
ROTARY  PUMPS 

OAS 
EXHAUSTERS 


P.  H.  &  F.  M.  ROOTS  CO. 

Connersville,  Ind. 

Manufacturers  of  the  Roots  Positive  Pressure  Blowers 
for  Smelting,  Foundry  and  Filtration  Work.  Write 
for  Catalogue. 


WATERPROOF 
LEATHER 
BELTING 


CHARLES  A.  SCHIEREN  COMPANY 

89  Ferry  Street,  New  York 

Manufacturers  of  SCHIEREN'S  DUXBAK  WATER- 
PROOF LEATHER  BELTINO.  The  belting  is  water- 
proof and  chemical  proof,  perfect  in  material  and 
workmanship. 


DRILLING 
MACHINERY 


THE  STAR  DRILLING  MACHINE  COMPANY 

General  Offices:  Akron,  O. 

Branch  Office:  2  Rector  St,  New  Toik  City. 

Wiflts:  Atrw,  Mk— Ckanle.  taHS.~-Plrili<  Onpi.-Tiki  hKh.  U 
Manufacturers  of  Portable  Wc'l  DriHL^  Machinery, 
traction  or  non-traction  for  drilling  all  depths  to  4000 
feet,  equipped  for  Steam,  Gas  or  Electric  Power. 


ROCK   DRILLS 

SULLIVAN  MACHINERY  CO. 

AIR 

122  South  Michigan  Ave.,  Chicago,  ItL 

COMPRESSORS 

Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 

HOISTS 

DriUs,  Rock  DriUs,  Hammer  Drills,  Mine  Hoists,  Chain 

PUMPS 

Cutter,  Bar  Machines,  Fans. 

MINING 

MILLING 

SMELTING 

CRUSHING 

MACHINERY 


TRAYLOR  ENGINEERING  &  MANUFACTURING  CO. 

Main  OfBco  and  Workt— AUontown,  Pa. 
How  York  Ofileo,  Western  Offlee, 

SO  Church  Street  Bait  Lake  City 

Manufacturers  of  MINING,  MILLING,  SMELTING 
and  CRUSHING  Machinery.  TRATLOR  Products  pos- 
sess Quality.    Our  Expert  Engineers  are  at  your  service. 


AIR  LOCMOriVES 
IREAKB  lACHINm 
aMLWASIIW  PUNTS 
CONVRING  NACmNERY 
CMBIINfi  mCRINERY 
GASOLINE  LOaNN»TIVES 
lOISTING  ANI  lAUUNG  MA- 

CIINERY 
ST»N  LOCOMOTIVES 
VENTIUTING  FANS 


VULCAN  IRON  WORKS 

Wilkes- Barre,  Pa. 

Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hoist- 
ing and  Haulage  Engines,  Mining  Machinery,  etc 
Nicholson  Device  for  Prevention  of  Overwinding. 
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WESTINGHOUSE  ELECTRIC  &  MF&  CO. 

East  Pittstmrsh,  Pa. 
THE  BALDWm-WESTINGHOUSE  ELECTRIC  MINE 
LOCOMOTIVE&    For  fntt  information  write  either  to 
above  address  or  THE  BALDWIN   LOCOMOTIVE 
WORKS,  Philadelphia,  Pa. 


ELECTRIC 

MINE 

LOCOMOTIVES 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark,  N.J. 

^^eston  EcHpse  AMMETERS,  MILLIAMMETERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 


DIRECTORY  CARDS 

RATE  FOR  PUBLICATION  OF  CARDS  IN 
THE  DIRECTORY  OF  MINING  AND  METAL- 
LURGICAL EQUIPMENT  WILL  BE  QUOTED 
ON    REQUEST. 


RATES 


ALPHABETICAL  AND  ANALYTICAL 

INDEXES 

To  the  Transactions  of  the  American  Institute  of  Mining  Engineers 

VOLUMES  I  to  ZXXV— 1871  to  1904 
706  pagest  6  by  9  inches. 

Bound  in  clotii* 

Bound  in  half-morocco, 

VOLUMES  ZXXVI  to  XI^1906  to  1909 
186  pages,  6  by  9  inches. 

Bound  in  dotii* 

Bound  in  half-morocco, 


$6.00 
$6.00 


$1.60 
$2.60 


Taken  together  these  two  indexes  furnish  in  convenient  form  for  ready  reference 
everything  of  importance  contained  in  the  Transactions,  and  give  to  both  member 
and  non-member,  whether  possessing  a  set  of  the  Transactions  or  not,  the  means  of 
ascertaining  at  a  minimum  expenditure  of  time  and  trouble  the  exact  contents  of 
the  volumes  on  any  given  subject  of  special  interest. 

Sent,  prepaid,  on  receipt  of  price  by 

The  American  Institute  of  Mining  Engineers, 


29  West  39th  Street,  New  York 
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PROFESSIONAL   CARDS 

ALDMDGE,  WALTER  H. 

Consnltiiic  ***«<«£  and 

MetaUnrgicAl  Bnci&eer 

14  W«U  Street                   NIW  TOftK 

COULDREY,  PAUL  & 

General  Mining  Superintendent 
Cano  »■  Pasoo  Mihino  Co. 

SOUTH  AMERM 

BEATTY,  A.  CHESTER 

71Biotdwiy. 

NEW  YORK,  N.  Y. 

Cable  Aadms: 

Granitic. 

HAMMOND.  JOHN  HAYS. 

CeMBltlng  ERfiaMr, 

71  Bioadway,               NEW  YORK. 

BREWER,  WM.  M. 

P.  O.  Box  TOl,             VICTORIA,  B.  C. 

Connected  with  the  Tyee  Copper  Co.,  Ltd. 

BROWN,  H.  B. 

Mining  Engineer 

operated.    Correepondenoe  aoUdted 

7S8  Padflc  Block,     VANCOUVBR,  B.  C. 
PRINCB  RUPERT 

HANKS,  ABBOT  A. 

Chenlet  and  Aeeayer 

EsUbUshed  z866 

Control  and  Umpire  AMaya,  Superrl- 
•Ion  of  Sampling  at  Smelteri,  Chemical 
Analyses   of  Ores,    Minerals,    Minenl 
Waters,  etc. 

l90  8imaeiU8t    San  Franolsoe,  Cal. 

BURCH,  H.  KENYON 

MechaRlcal  aid  Metallirglcal  Engineer 
Care  Inspiration  ConeoHdated  Copper  Co. 

MIAJai,  6IU  COUNTY,  ARIZONA 

Designer  and  Builder  of 
Power,  Hoistina.  Pumphic, 
Crushing  and  Milling  Plants. 

Speeialties  Concentration  of  Ores. 

Economio  Handling  of  Materials. 

HARDMAN,  JOHN  E. 

voneiining  Hinrag  bngneer, 

Boom  001,  Boral  Tnist  Boildinc 

MONTREAL.  CANADA. 

CHANNING,  J.  PARKE 

Censutting  Engineer, 
42  Broadway,              NEW  YORK. 

HOYLE,  CHARLES 

Mtalag  Ei,Imm-. 

ApMtiido  8,  El  Oio, 

ESTADO  DE  MEXICO,  MEXICO. 
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PROFESSIONAL  CARDS 

LEDOUX  &  COMPANY 

Assayert  and  Samplers 

99  John  Street,            NEW  YORK 

Independent  Sampling  Works 

New  York  and  Jeraey  City 

Bepresentatives  at  all  refineries'and 

smelters  on  Atlantic  seaboard 

REVETT,  BEN  STANLEY 
Mining  Engineer 

Alluvial  Mining 

AND  Installations 

BRECKENRIDGE.  COLORADO 
Gible:  "Dredger" 
Cod«:  Bedford-McNeil 

LOWE,  HENRY  P. 

Consulting  and  Mining  Engineer, 
CENTRAL  CITY,  COLORADO. 

Bedford  McNeUl  Code,  **  Lowe,  Dkntbb." 

RICHARDS,  ROBERT  H. 

OrtDrutint 
ManMhwetla  Institato  of  Tediaology 
BOSTON,  MASS. 

RIORDAN,  D.  M. 

Mining  Investigations  especially  oaref  ally 
made  for  responsible  intending  investors. 

City  livcstlng  Bldf^  1(5  Broadway.  New  YorL 

Mining  Engineer 

321  Btoiy  Building          LOS  ANGELES 

PORTER  W.  SHIMER  &  SON 

MetaUurgical  Chemists 

ESTABUSHBD   1885 

Aiilyses  of  Iran,  steel,  and  other  metals,  alloys, 
•res,  minerals,  coal  aid  coke,  cement,  water,  etc. 

CONSULTATION 

INVESTIGATION                 EASTON,  PENN'A 

HOWABD  POILLON                    C.  H.  PoiBHOI 

POILLON  &  POIRIER 

Mining  Engineers 
63  WaU  Street 

NEW  YORK  CITY 

SPILSBURY,  E,  GYBBON, 

ConsultliLg,  ClvU,  Mining 
and  Metallurgical  Engineer, 

45  Broadway,                NEW  YORK. 

cable  Address .  *-  Sparoe/*  ITme  Torh. 

RAYMOND,  ROSSITER  W. 
Mining  Engineer  and  Metallurgist 

29  West  Thirty-Ninth  Street 

NEW  YORK 

STOUGHTON,  BRADLEY 

Consulting  Metallurgical  Engineer 

29  West  39th  Street 

NEWJtpRK 

Digitized  by  VjOO^ 
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PAMPHLET  COPIES  OF  PAPERS 

The  pamphlets  listed  below  will  be  sold  at  the  prioee  indicated  so  long  as  the  supply  lasts.  Any  10 
pamphlets,  except  No.  33,  for  40  cents;  any  40,  except  No.  33,  for  $1 ;  any  100,  except  No.  83,  for  $2.  No 
orders  for  less  than  20  cents.  Please  remit  by  money  order,  New  York  draft,  stamps  or  coin.  Add  10 
cents  for  exchange  on  out-of-town  checks. 

Number    File 

Wanted     No.  NON-FERROUS  METALLUROT  Price 

1040  James  Johnston The  MiU  and  Metallurgioal  Praotioe  of  the  ^pissing 

Mining  Co^Ltd.,  Cobalt,  Ont.,  Canada.     Discus- 
sion by  Q.  U.  Clevenger  and  Others $40 

07  John  Van  N.  Dorr The  Dorr  Hydromeiallurgical  Apparatus 10 

1057  Robert  Linton Cyanidation  of  Silver  Sulphide  at  Ooampo.  Mexioo.     .  10 

"  ^'aSJld W?AJdri4 }  Experim.ntdI«ohin,.tAn«ond. 10 

53  W.  L.  Austin The  Treatment  of  Copper  Ore  by  Leaching  Methods.     .  10 

47  W.  L.  Austin Leaching  Copper  Products  at  the  Steptoe  Works 10 

46  8.  E.  Bretherton The  Treatment  of  Complex  Ores  by  the  Ammonia- 
Carbon  Dioxide  Process 10 

60  Stuart  Croasdale Leaching  Experiments  on  the  Ajo  Ores 10 

044  Chase  Palmer  and  \    The  R61e  of  Certain  Metallio  Minerals  in  PrecipiUi- 

Edson  8.  Bastin /       ing  Silver  and  Qold 10 

40  Theodore  P.  Holt Chloridising  Leaching  at  Park  City 10 

065  Frederick  Laist Roasting  and  Leaching  Tailings  at  Anaconda,  Mont.     .20 

975  J.  C.  Febles The  Precipitation  of  Copper  from  the  Mine  Waters 

of  the  Butte  District 10 

^  ^  R^'Frick"*.^!^.^.  }    Prooipitation  of  Copper  from  Solution  at  Anaconda.     .  10 

27  William  F.  Ward "Plasra"  Panning  on  the  Cauoa  River 10 

44  A.  W.  AUen The   Descriptive  Technology  of   Gold  and  Silver 

Metallurgy 10 

33  E.  Horton  Jones Unit  Construction  Costs  from  the  New  Smelter  of  the 

Arisona  Copper  Co.,  Ltd.     (Bound  in  Cloth) 2.00 

03  W.  W.  Norton A   Comparison  of  the   Huntington-Heberlein  and 

Dwight^Lloyd  Prooesses 10 

981  Frank  H.  Corwin  and        1    Increasing  the  Efficiency  of  MaoDougall  Roasters  at 

Selden  S.  Rodgers. /       the  Great  Falls  Smelter  of  the  Aiuieonda  Copper 

Mining  Co 20 

943  G.  S.  Brooks Notes  on  the  Formation  of  Ferrites  in  Roasting 

Blende 10 

917  R.  C.  Canby Development  of  the  American  WatefsJaoket  Lead 

Blast  Furnaces 10 

980  J.  A.  Church,  Jr The  Development  of  Blast-Fumace  Construction  at 

the  Boston  and  Montana  Smelter 20 

929  Robert  P.  Roberts Thermal  E£Feot  of  Blast-Fumaoe  Jackets 10 

901  E.  P.  Mathewson The  Development  of  the  Reverberatory  Furnace  for 

Smelting  Copper-Ores 10 

56  C.  D.  Demond Economy  and  Efficiency  in  Reverberatory  Smelting     .  10 

29  Irving  A.  Palmer Smelting  Lead  Ores  in  the  Blast  Furxutee 10 

51  Edgar  L.  Newhouse Lead  Smelting  at  East  Helena lO 


.10 


1000  ^^»®^-^j^J;ycm  *°f  }    The  Smelting  of  Copper  Ores  in  the  Electric  Pumaoe 

964  Woolsey  MoA.  Johnson! . . .  The  ReducibOity  of  Metallio  Oxides  as  Affected  by 

Heat  Treatment 10 

902  Frederick  Laist Chemistry  of  the  Reduction  Processes  in  Use  at 

Anaconda,  Mont 10 

*T72  C.  R.  Kusell  and  \   Curves  for  the  Sensible-Heat  Capacity  of  Furnace 

C.  H.  Wigton /       Gases 10 

996  C.  W.  Goodale The  Great  Falls  Flue  System  and  Chimney 40 

998  Edgar  M.  Dunn Determination  of  Gases  in  Smelter  Flues;  and  Notes 

on  the  Determination  of  Dust  Losses  at  the  Washoe 

Reduction  Works,  Anaconda,  Mont 20 

36  Lawrence  Addicks Nodulising  Blast-Furnace  Flue  Dust 10 

39  H.  Douglass  Anderson Effects  of  the  Bag  House  on  the  Metallurgy  of  Lead.     .  10 

64  H.  H.  Alexander The  Bag  House  in  Lead  Smelting 10 

66  W.  H.  Howard Electrical  Fume  Precipitation  of  Garfield 10 

900  A.  Eilers Notes  on  Bag-Filtration  Plants 10 

988  James  O.  Elton Arsenic  Trioxide  from  Flue  Dust 10 

49  L.  O.  Howard Basic-lined  Converter  Praotioe  at  the  Old  Dominion 

Plant 10 

AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
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A  Study  of  the  Chloridizing  Roast  and  Its  Application  to  the  Separation 

of  Copper  from  Nickel.    By  Boyd  Dudley,  Jr 2767 

The  Use  of  Mud-Ladened  Water  in  Drilling  Wells.    By  I.  N.  Knapp,   .    .  2783 

Steep  Pitch  Mining  of  Thick  Coal  Veins.     By  W.  G.  Whildin, 2796 

Discussion  of  the  paper  of  Howland  Bancroft,  Dip  Chart.    By  Theodore 

Simons  and  Frank  A.  Linforth, 2821 

Discussion  of  the  paper  of  Dorsey  A.  Lyon  and  Robert  M.  Keeney,  Melt- 
ing of  Cathode  Copper  in  the  Electric  Furnace..  By  Lawrence  Ad- 
dicks,  2826 
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NEARING  THE  5,000  MARK 

The  diagram  below  shows  the  rate  of  growth  of  the  American  Insti- 
tute of  Mining  Engineers  during  the  past  seven  years.  The  Institute 
now  has  a  greater  number  of  members  than  ever  before  in  its  history,  and 
we  are  now  close  to  the  5;000  mark.    Before  the  annual  meeting  in 
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February  we  want  to  cross  it.  The  officers  and  committee  members  have 
been  laboring  (without  pay,  except  the  satisfaction  of  doing  a  worthy 
task)  to  make  the  Institute  stronger,  better,  and  more  valuable  to  each 
member.  Why  not  show  your  appreciation  of  this  by  inducing  some 
amply  qualified  engineer  to  join? 

Committee  on  Increase  of  Membership, 

Adolphe  E.  Borib,  Chairman, 
Thomas  T.  Read,  Secretary, 
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AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
29  West  39tli  Street,  New  York,  N.  Y. 


PROPOSAL  FOR  MEMBERSHIP 


Mr.. 


(Name  In  Full) 


Occupation- 
Address 


is  hereby  proposed  by  the  undersigned,  as  a_ 


of  the  American  Institute  of  Mining  Engineers. 


SlgxiAtarefl  of  three 

Memben  or 

Associates. 


Place  of  births 


.Year  of  births 


Edubcation,  general  and  technical,  when,  where  and  how  acquired, 

with  degrees,  if  any. 


Dates 


^yili.eU  by  GoOglC 


Record  of  ejoperience.  Briefly,  the  pcust  and  present  employment, 
with  names  of  employers,  companies  and  associates.  (Proper  names, 
names  of  companies,  etc,  should  he  written  without  abbreviations,) 


Dates 

- 

• 

Present  position^ 


JSi^nature, 


Dated. 


.191 


EXTRACTS  PROM  THE  CONSTITUTION. 

ARTICLE  II.— Members. 

Sec.  1.  The  membership  of  the  Institute  shall  comprise  four  classes,  namely:  1.  Hemben;  2.  Hon- 
orary Members  ;  3.  Associates ;  4.  Junior  Members.  *  *  * 

Sec.  2.  The  following  classes  of  persons  shall  b^  eligible  for  membership  In  the  Institute,  namely :  as 
Members,  all  professional  mining  engineers,  geologists,  metallui^sts,  or  chemists,  and  all  persons 
actively  engaged  in  mining  and  metallurgical  engineering,  geology,  or  chemistry ;  as  Associates,  all 
persons  desirous  of  being  connected  with  the  Institute  who  in  the  opinion  of  the  Board  of  Directon 
are  suitable. 

As  Junior  Members,  all  students  in  good  standing  in  engineering  schools  who  hare  not  taken  their 
degrees  and  who  are  nominated  by  at  least  two  of  thtir  instructors.  *  *  * 

'  Every  candidate  for  election  as  a  Member,  Associate,  or  Junior  Member  must  be  proposed  for  election 
by  at  least  three  Members  or  Associates,  must  be  approved  by  the  Committee  on  Membership,  a&pre- 
««crlbed  in  the  By-Laws,  and  must  be  elected  by  the  Board  of  Directors.  igitized  by  VjOOQ  IC 
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Award  College  LibxiUT 
Aug.  14,  1916. 
Bequest  of 
tBznuB  Darwin  Leavttt* 
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Publkhod  Moiiihl7  by  the  Ameriean  Inatitiite  of  Uining  Endaaen  at  212-218  York  St.. 
York.  Pa..  H.  A.  WiaoTwvr,  Pablieation  Managtr.  Editorial  Oflloo,  29  Weat  SIHh  St.,  New  York, 
N.  Y.«  BsAOUT  BrouoBTON,  Editor.  F.  O.  Pibbcb.  AMt.  Editor.  Cable  address,  "Aime,"  Western 
Union  Tslegraph  Code.  Sabseription  (ineludinc  postage).  $10  per  annum;  to  members  of  the  Insti- 
tute, pnblio  libraries,  eduoational  institutions  and  teohnieal  societies,  S6  per  annum.  Single  oopies 
(InolucUng  postage),  $1  eaoh;  to  members  of  the  Institute,  public  libraries,  etc.,  60  cents  each. 

Entered  as  Second  Class  matter  January  28, 1014,  at  the  Post  Offioe  at 
York.  PemuylTania.  under  the  Act  of  hiarch  8, 1870. 


DUES  OF  THE  YEAR  1915 

In  accordance  with  the  Constitution  of  the  Institute,  notice  is  hereby 
given  that  membership  dues  for  the  year  1915  will  be  payable  on  Jan.  1, 
1915.  The  Constitution  is  mandatory  upon  oflScers  and  members  of  the 
Institute  alike,  requiring  that,  if  members  do  not  pay  their  dues  within 
four  months  after  the  time  when  they  are  payable,  the  BvMetin  can  no 
longer  be  sent  to  them. 


BACK  BULLETINS  WANTED 

The  stock  of  Bulletins  listed  below  is  almost  exhausted  in  the  Insti- 
tute's reserve  supply  and  the  office  of  the  Institute  will,  therefore,  pay 
the  sum  of  50  cente  each  for  any  of  these  Bulletins  in  good  condition: 


No. 

No. 

7 

1906 

January 

13 

1907 

January 

8 

1906 

March 

51 

1911 

March 

9 

1906 

May 

86 

1914 

February 

10 

1906 

July 

87 

1914 
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BOARD  OF  DIRECTORS 

Meeting  of  Oct,  23,  1914. — ^It  was  voted  to  take  no  action  concerning 
the  proposed  amendments  to  Article  VIII,  Sections  2  and  3,  but  that  they 
be  sent  to  the  membership,  as  provided  by  the  Constitution,  together 
with  a  statement  of  the  arguments  for  and  against  the  proposed  changes. 

It  was  voted  that  the  following  proposed  amendment,  which  had  been 
unanimously  approved  at  the  annual  meeting  of  the  Institute  on  Feb.  18, 
1914,  be  sent  to  the  membership  as  provided  by  the  Constitution,  together 
with  the  approval  of  the  Board  of  Directors  of  this  change: 

Article  III,  Section  1,  paragraph  3,  sentences  2  and  3:  substitute 
the  following: 

"Any  Member,  Junior  Member  or  Associate  in  arrears  for  two  years  shall  be 
dropped  from  the  rolls  unless  the  time  for  payment  is  extended  by  the  Directois.  A 
Member  so  dropped  may  be  reinstated  by  the  Directors  on  pa3dng  the  arrears  of  dues 
and  other  indebtedness  with  which  he  was  charged  on  the  books  of  the  Institute  at  the 
time  he  was  dropped.  A  Member  or  Associate  thus  reinstated  shall  receive  the  Trans- 
actions  for  the  back  year  for  which  he  pays." 

It  was  unanimously  voted  to  extend  the  sincere  thanks  of  the  Insti- 
tute to  Samuel  A.  Taylor,  Chairman,  and  to  each  member  of  the  several 
Committees  of  the  Pittsburgh  meeting,  for  the  enjoyable  and  successful 
meeting  which  they  brought  about. 

It  was  also  resolved  that  the  Board  of  Directors  extend  the  sincere 
thanks  of  the  Institute  for  courtesies  extended  to  it5  members  and  guesu 
on  Oct.  8,  1914,  to  the  following:  The  Carnegie  Institute,  University  of 
Pittsburgh,  Carnegie  Institute  of  Technology,  United  States  Bureau  of 
Mines,  Carnegie  Steel  Co.,  National  Tube  Co.,  and  the  Harbison-Walker 
Refractories  Co. 

The  Nominating  Committee  presented  its  report  of  nominations  for 
officers  of  the  Institute  to  be  voted  on  at  the  Aimual  Meeting  in  1915. 

The  Executive  Committee  reported  that  it  had  unanimously  decided 
that  the  Institute  should  continue  to  give  its  support  to  the  International 
Engineering  Congress. 


TRANSACTIONS— VOLUMES  XLVI,  XLVH,  AND  XLVm 

Since  the  amount  of  publications  by  the  Institute  during  the  year 
1914  is  so  large  as  to  demand,  for  the  first  time,  the  issuance  of  three 
volumes  in  any  one  year,  it  proved  impossible  to  publish  all  of  these  three 
volumes,  namely,  Volumes  XLV,  XLVI,  and  XL VII,  previous  to  the 
autumn.  Volume  XLV  was  issued  in  May.  Volumes  XLVI  and  XLMl 
are  entirely  completed  except  for  the  printing  of  a  few  signatures  and  the 
binding.  It  is  hoped  that  they  will  be  delivered  before  the  close  of  the 
year,  or,  in  any  event,  early  next  year.  The  first  volume  of  the  year  1915, 
Volume  XL VIII,  is  also  nearly  completed,  and  it  is  hoped  that  it  will  be 
in  the  hands  of  members  before  the  February  meeting. 
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PERSONAL 

(Members  are  uif^ed  to  send  in  for  this  Column  any  notes  of 
mterest  concemmg  themselves  or  their  fellow-members.) 

Members  and  guests  who  registered  at  Institute  headquarters  during 
the  period  Oct.  10  to  Nov.  10,  1914: 

Jintaro  Kojima,  Ashio,  Japan.  B.  R.  Hinckl^,  Seoul,  Korea. 

J.  Homer  Stover,  Trenton,  N.  J.  S.  A.  Taylor,  Pittsburgh,  Pa. 

Kirb^  Thomas,  New  York,  N.  Y.  Lawrence  Addicks,  Douglas,  Aris. 

Keijiro  Nishio,  Tokyo,  Japan.  Noel  Cunningham.  Bethlehem,  Pa. 

Alexander  K.  Hamilton,  Chicago,  HI.  £.  C.  Vigeon,  London.  England. 

Harold  N.  Lawrie,  Portland,  Ore.  S.  E.  Falrchild,  Jr.,  Philadelphia,  Pa 

C.  Spence  Thomas,  CardiflF,  Wales.  W.  C.  Schmidt,  Jr.,  New  York,  N.  Y. 

Henry  Tackmann,  New  York,  N.  Y.  Kenneth  C.  Browne,  New  York,  N.  Y. 

Dr.  David  T.  Day  has  resigned  his  position  with  the  U.  S.  Geological 
Survey  and  opened  an  office  at  1331  F  Street,  N.  W.,  Washington,  D.  C, 
for  practice  as  a  consulting  engineer. 

C.  H.  Strandy  formerly  with  the  Pennsylvania  Railroad,  at  Altoona, 
Pa.,  has  accepted  a  position  as  metallurgist  for  the  Crown  Cork  &  Seal 
Co.,  Baltimore,  Md. 

L.  Selmi  has  accepted  the  position  of  chief  chemist  with  the  Otis 
Steel  Co.,  Cleveland,  Ohio. 

Lloyd  T.  Buell  and  Eleanor  Latham  Newcomb  were  married  at  New 
York  on  Oct.  14,  1914. 

Richard  Blackstone,  formerly  chief  engineer  of  the  Homestake  Mining 
Co.,  has  succeeded  the  late  Thomas  J.  Grier  in  the  management  of  this 
company. 

A.  C.  Bailey  has  been  appointed  manager  of  the  Porcupine  Pet  Mine, 
in  Dolora  township,  Ontario. 


AFFILIATED  STUDENT  SOCIETY  NOTES 

At  a  recent  meeting  of  the  Mining  Society  of  Sheffield  Scientific 
School,  Yale  University,  the  following  officers  were  elected  for  the  year 
1914-15:  President,  William  Emery,  Jr.;  Secretary-Treasurer,  Walter  C, 
Schmidt. 

Sanford  L.  Willis  has  been  elected  President,  and  Kenneth  M.  Sully 
Secretary,  of  the  Mining  Engineering  Society  of  the  Massachusetts  Insti- 
tute of  Technology. 

The  Kentucky  Mining  Society  of  the  University  of  Kentucky  held  the 
first  monthly  meeting  of  the  new  college  year  on  Oct.  6.  Officers  were 
elected  as  follows:  President,  William  H.  Noel;  Vice-President,  S.  J. 
Caudill;  Secretary  and  Treasurer,  W.  C.  Eyl.  Thomas  Robinson,  class 
of  '14,  now  mine  foreman  for  the  Darby  Coal  Co.,  gave  an  interesting 
account  of  his  recent  experiences  in  mining.  S.  J.  Caudill  described 
experiences  in  surveying  at  Hazard,  Ky.,  and  H.  C.  Thompson  spoke  on 
experiences  in  mining  at  Stemes,  Ky.  ^  I 
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ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

Technical  graduate,  aged  31,  with  experience  as  surveyor,  chemist 
with  a  sulphur  company,  practical  miner,  and  as  chief  engineer  of  an  iron 
mining  company,  desires  a  position  as  mining  engineer  or  superintendent. 
Speaks  French  and  German.     No.  165. 

Member,  aged  31,  married,  graduate  Yale  and  Massachusetts 
Institute  of  Technology,  six  years'  experience  in  coal  and  iron  mining, 
from  engineer  to  general  superintendent,  desires  position  with  large  coal 
or  iron  company.    Will  go  anywhere.    References.    No.  167. 

Member,  technical  graduate,  with  experience  as  machinist,  chemist, 
construction  engineer,  and  manager  of  mines  in  the  United  States  and 
Mexico,  desires  position  as  mine  superintendent  or  manager.  Speaks 
Spanish.    No.  168. 

Member,  technical  graduate,  aged  26,  with  experience  as  engineer, 
mine  foreman,  assistant  superintendent  for  a  pyrite  mining  company. 
Experience  includes  diamond  drilling,  shaft  sinking,  underground  work, 
milling  of  pyrites,  and  mine  accounting.    No.  169. 

Member,  experienced  as  mine  superintendent,  desires  position. 
Twenty  years'  experience  in  gold  mines  and  mills.  Competent  to  con- 
struct mine  and  mill  structures.     No.  170. 

Member,  technical  graduate,  aged  44,  with  extensive  experience  in 
mining  and  milling  of  gold,  silver,  copper,  and  talc,  and  in  construction 
work,  desires  position  as  superintendent  of  mine  or  mill,  or  as  field 
engineer.    Speaks  Spanish,  French,  and  German.    No.  171. 


BOSTON  LOCAL  SECTION 

Execviive  Committee 

Henry  L.  Smtth,  Chairman 

Alfred  C.  Lane,  Vice-Chairman 

Augustus  H.  Eustis,  Secretary-Treasurer,  131  State  St.,  Boston,  Mas 

Robert  H.  Richards  Albert  Sauvbur 

Meets  on  the  first  Monday  evening  of  each  winter  month 

Twenty-first  Meeting 

The  Twenty-first  meeting  of  the  Boston  Local  Section  of  the  Insti- 
tute was  held  at  the  Engineers'  Club,  2  Commonwealth  Avenue,  Boston. 
Monday  evening,  Oct.  5,  1914.  Twenty  members  and  two  guests  were 
present. 

The  Chairman,  Henry  L.  Smyth,  presided  at  the  dinner,  at  the  close 
of  which  he  introduced,  as  the  speaker  of  the  evening,  John  M.  Longyear. 
who  gave  a  most  interesting  talk  about  his  work  in  exploring  for  coal  on 
the  islands  of  Spitzbergen,  400  miles  north  of  the  North  Cape  of  Norway. 
The  talk  was  illustrated  with  many  photographs,  which  showed  clearly 
the  nature  of  the  work  and  the  extraordinary  difficulties  of  the  location. 

Augustus  H.  Eustis,  Secretary. 
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NEW  YORK  LOCAL  SECTION 

Executive  Committee 

Lewis  W.  Francis,  Chairman 

WiLLARD  S.  Morse,  Vice-Chairman 

Thomas  T.  Read,  Secretary^  Woolworth  Bldg.,  New  York,  N.  Y. 

Philip  A.  Mosman,  Treasurer 

Louis  D.  Huntoon  William  A.  Pombroy 

The  November  meeting  of  the  New  York  Local  Section  was  held  on 
Nov.  4,  at  the  Kaiserhof,  following  a  dinner  at  which  60  members  were 
present. 

Dr.  James  Douglas  related  interesting  incidents  in  the  history  of  Ameri- 
can mining  which  have  been  of  the  greatest  influence  in  shaping  progress. 
E.  Gybbon  Spilsbury  spoke  of  the  Phoenixville  furnace;  Arthur L.  Walker 
spoke  of  the  early  smelting  practice  at  Globe;  E.  Cappellen  Smith  dis- 
cussed operating  conditions  at  Mansfeld;  W.  H.  Aldridge  referred  to  the 
probable  far-reaching  effects  of  flotation  processes;  and  H.  W.  Hardinge 
described  how  copper  smelting  in  Colorado  took  its  rise  from  a  casual 
suggestion  made  by  Dr.  Douglas — to  all  of  which  Dr.  Douglas  added 
interesting  additional  material.  D.  H.  Browne  told  an  amusing  story  of 
early  days  at  Sudbury  and  Denis  M.  Riordan  described  his  experiences  in 
Europe  in  connection  with  the  relief  ship  Tennessee. 

The  next  meeting,  to  be  devoted  to  the  discussion  of  leaching  problems, 
will  be  held  during  the  first  week  in  December. 

Thomas  T.  Read,  Secretary. 


SAN  FRANCISCO  LOCAL  SECTION 

Executive  Committee 

S.  B.  Christy,  Chairman 

H.  C.  Hoover,  Vice-chairman 

Abbot  A.  Hanks,  Secretary-'Treasurery&^Q  Sacramento  St., 

San  Francisco,  Cal. 
F.  W.  Bradley  C.  W.  Merrill 

The  fifth  meeting  of  the  San  Francisco  Local  Section  of  the  A.I.M.E. 
was  held  Oct.  12,  in  the  rooms  of  the  Engineers'  Club,  Hotel  Sutter,  and 
was  preceded  by  the  usual  informal  dinner.  Prof.  S.  B.  Christy  presided 
and  28  members  were  present. 

E.  Stedler,  Junior  Mining  Engineer  with  the  Bureau  of  Mines  and 
connected  with  Mine  Rescue  Car  No.  5,  gave  an  interesting  account  of 
the  Draeger  oxygen  apparatus,  illustrating  with  charts  and  diagrams  the 
method  employed  for  purifying  and  cooling  the  air. 

James  A.  Hyde  read  a  paper  on  The  History  of  Flotation  Concentration 
Processes.  Mr.  Hyde  illustrated  his  most  interesting  paper  with  a  num- 
ber of  experiments..  At  the  close  of  the  paper  tl^re  was  a  discussion  in 
which  a  number  of  members  participated. 

J.  C.  Ray,  of  Palo  Alto,  will  address  the  November  meeting  on  The 
Secondary  Enrichment  of  Ores. 

Abbot  A.  Hanks,  Secretary. 
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COLUMBIA  LOCAL  SECTION 

Executive  _  Committee 

F.  A.  Thomson,  Chairman 

George  W.  Roddbwig,  Vice^hairman 

L.  K.  Armstrong,  Sec. -Treasurer ,  P.  O.  Drawer  2154,  Spokane,  Wash. 

R.  S,  McCaffery  S.  H.  Richardson 

The  Annual  meeting  of  the  Columbia  Local  Section,  A.I.M.E.,  was 
held  in  the  Moorish  Room,  Spokane  Hotel,  Spokane,  Nov.  20,  follow- 
ing a  dinner. 

After  the  business  session,  for  the  presentation  of  annual  reports  and 
the  election  of  oflScers  and  new  members,  Prof.  F.  M.  Handy  presented  a 
paper  entitled  Notes  on  the  Economic  Geology  of  Eastern  Washington, 
wMch  was  followed  by  a  discussion  and  short  talks  for  the  good  of  the 
Section. 

L.  K.  Armstrong,  Secretary. 


MONTANA  LOCAL  SECTION 

Executive  Committee 

E.  P.  Mathewson,  Chairman 

Frank  M.  Smith,  Vice-Chairman 

D.  C.  Bard,  Secretary,  Montana  State  School  of  Mines,  Butte,  Mont. 

James  L.  Bruce  Oscar  Rohn 

The  Semi-annual  meeting  of  the  Montana  Local  Section,  American 
Institute  of  Mining  Engineers,  was  held  at  the  Silver  Bow  Club,  Butte, 
Mont.,  Oct.  16,  and  was  preceded  by  an  informal  subscription  dinner. 
The  meeting  was  attended  by  57  members  and  guests.  Chairman 
Mathewson  called  the  technical  session  to  order. 

L.  V.  Bender  present^ed  a  paper  on  Coal^-Dust  Fired  Reverberatories  at 
Anaconda,  illustrated  by  large  wall  diagrams.  Discussion  was  partici- 
pated in  by  Messrs.  E.  P.  Mathewson,  W.  D.  Leonard,  Frederick  Laist, 

C.  D.  Demond,  and  C.  R.  Kuzell. 

E.  D.  Gardner  read  his  paper,  Mining  Claims  within  the  National 
Forests,  which  had  already  been  printed  by  the  Institute.  It  was  read  at 
the  Section  meeting  because  of  its  interest  to  the  local  mining  men. 
Discussion  of   Mr.  Gardner's   paper   was  participated  in   by  Messrs. 

D.  C.  Bard,  Samuel  Barker,  E.  P.  Mathewson,  William  Scallon,  and 
District  Forester  F.  A.  Silcox,  of  Missoula. 

D.  C.  Bard,  Secretary. 
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LIBRART 

American  Institute  of  Electrical  EInginebrs 
American  Society  op  Mechanical  Engineers 
American  Institute  of  Mining  Engineers 
United  Engineering  Society 

William  P.  Cutter,  Librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to 
10  P.M.  on  all  week-days,  except  holidays,  from  September  1  to  June  30, 
and  from  9  a.m.  to  6  p.m.  during  July  and  August.  The  Library  contains 
about  55,000  volumes,  including  sets  of  technical  periodicals  and  the 
publications  of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a 
portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library  can  render  valuable  service  through  correspondence; 
letters  requesting  information  will  receive  special  attention.  The  Library 
is  prepared  to  furnish  references  and  copies  of  articles  on  mining  and  metal- 
lurgical subjects;  to  determine  the  existence  of  mining  maps,  and  to 
furnish  general  information  as  to  the  geology  and  miners!  resources  of  ail 
countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  .may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining  reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that 
members  while  in  the  city  will  use  the  Library  freely,  and  assurance  is 
given  that  most  careful  service  will  be  rendered  to  them. 

Library  Accessions 

Partial  List  Classified  bt  Subjects 

Mining  and  Metallurgy 

AuTBEBEiTUNO  TON  Erzen  und  Kohls.    By  Frd.  Freise.    Leipzig,  n.d. 
Copper  Smeltinq  Industries  of  Canada.    Ottawa,  1913. 
Cleaning  of  Blast-furnace  Gases.    By  F.  H.  Wagner.    New  York,  1914. 
Dabstelluno  des  Eisens  xtnd  der  Eisenfabrikate.    Ed.  2.    By  Ed.  Japing,  Wein, 

1913. 
Die  Kupplunqbn  der  Walzwerke.    By  F.  Peter.     Halle  a.  S.,  1914. 
Das  Kauberieren  der  Walzen.  Pts.  1-4.     By  Alb.  Brovot.    Leipzig,  n.d. 
Das  Roheisen  und  seine  Darstelluno  durch  den  Hochofenbetrieb.    By  F. 

Lichte.    Leipzig,  n.d. 
EiSENHt^TTE.    By  Oscar  Stillich  und  H.  Steudel.    Leipzig,  n.d 
Hints  on  Coal-Mine  Ventilation.    Miners'  Circular  16,  U.  S.  Bureau  of  Mines. 

Washington,  1914. 
Lode  Mining  in  Yukon;  an  Investigation  of  Quartz  Deposits  in  the  Klondike 

Division.    Ottawa,  1914. 
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Geology  and  Mineral  Production 

An  Essay  toward  a  System  of  Mineralogy.    By  A.  F.  Cronstedt;  translated  from 

the  origiDal  Swedish  by  Gustav  von  Engestrom.     Vols.  1-2.    London,  1788. 
Bibliography  of  North  American  Geology  for  1913,  with  bitbject  index. 

Bull.  584,  U.  S.  Geological  Survey.     Washington,  1914. 
Colorado  Fbrberite  and  the  Wolframite  Series.    Bull.  583,  U.  S.  Geological 

Survey.     Washington,  1914. 
CongrIis    G^olooique    International.    Compte-Rendu    de    la    XII®    Sessioii, 

Canada,  1913.    Ottawa,  1914.     (Gift  of  Congrds  G^Iogique  International.) 
Gold  Fields  of  Nova  Scotia.    Memoir  20-E.    Canada  Department  of  Mines. 

Ottawa,  1912. 
India,  Department  of  Mines.    Report  of  the  Chief  Inspector  of  Mines  in  India, 

1913.     Calcutta,  1914. 
Magnetite  Occurrences  near  Calabogie,  Renfrew  County,  Ontario.    Ottawa, 

1914. 
Mineral  Industry.    Vol.  xxii,Tl913.     New  York-London,  1914. 

[Note. — Volume  xxii  of  this  usefuljpublication  has  been  compiled  under  the  super- 
vision of  a^ew  editor ,^A.  Roush,  Assistant  Professor  of  Metallur^,  Lehigh  Universitj, 
and  Assistant  Secretary  of  thejAmerican  Electro-chemical  society.  Among  the  95 
contributors  to  this  issue  we  find  a  few  that  had  signed  articles  in  the  first  volume, 
some  who  have  been  regular  contributors  to  the  more  recent  volumes,  and  many  who 
have  contributed  for  the  first  time.  The  yolimie  as  a  whole,  therefore,  has  the  advan- 
tages"ito  be  gained  from  experienced  writers  on  Ihe  one  hand  and  from  the  infusion  of 
new  blood  on  the  other.  The  general  plan  for  this  volume,  with  the  exception  that 
certain  of  the  less  important  minerals  are  grouped  under  class  heads,  is  the  same  as  for 
all  previous  volumes.  A  cursory  examination  of  the  present  volume  impresses  one 
that  each  branch  of  the  mineral  industry  has  been  adequately  treated,  with  a  minimum 
of  needless  repetition.  In  1893,  when  the  first  volume  was  published,  developments 
in  the  gold  and  silver  industry  were  of  such'commanding  importance  that  the  various 
phases  of  this  branch  of  the  industry  were  comprehensively  covered,  including  an 
article  on  the  cyanide  process,  which,  at  that  time,  was  struggling  for  more  extensive 
adoption.  Now,  the  hydro-metallurgy  of  copper  is  engaging  the  thought  of  many 
metallurgists  and  operators,  so  that  the  careful  review  by  T.  T.  Read  in  the  current 
volume  is  timely  and  appropriate. 

Professor  Roush  is  to  be  congratulated  upon  maintaining  the  high  standard  set 
by  his  notable  predecessors,  thereby  continuing  this  work,  which  has  now  become  an 
institution,  as  a  first  aid  to  searchers  for  timely  and  accurate  information  on  the 
statistics,  technology  and  trade  of  the  mineral  industries  of  the  world. — B.A.R.] 
Mineral  Resources  of  Alaska,  Report  on  Progress  of  Investigations  in  1913. 

Bull.  592,  U.  S.  Geological  Survey.     Washington,  1914. 

Non-Metallic  Minerals 

Oil  Prospecting,  Drilling  and  Extraction.    By  F.  J.  S.  Sur.    Calgary,  1914. 

(Gift  of  Author.) 
Potash  Salts  and  Other  Salines  in  the  Great  Basin  Region.    By  G.  J.  Young. 

Bull.  61,  U.  S.  Dept.  of  Agriculture.     Washington,  1914.     (Gift  of  Author.) 
Slate  in  the  United  States.    Bull.  586,  U.  S.  Geological  Survey.    Washing:ton. 

1914. 
Study  of  the  Oxidation  of  Coal.    Technical  Paper  65,  U.  S.  Bureau  of  Mines. 

Washington,  1914. 

Chemistry  and  Physics 

Analytical  Essays  toward  Promoting  the  Chemical  Knowledge  of  Mineral 

Substances.     By  M.  H.  Klaproth.    London,  1801. 
Elements  of  the  Art  of  Assaying  Metals.    By  J.  A.  Cramer.    London,  1764. 
Enzyklopadie  der  technischen  Chemie.    By  Fritz  UUmann.    Band  1.    Berlin, 

1914. 
Handbuch  der  Mineralchemie.    Vol.  3,  pt.  4.     Bv  C.  Doelter.    Dresden,  1914. 
Handbuch  der  PrXparativen  Chemie.    II  Band;  Organischer  teil.    By  Ludwig 

Vanino.     Stuttgart,  1914. 
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General 

College  Physioqrapht.    By  Ralph  S.  Tarr.    Published  under  the  editorial  direc- 
tion of  Lawrence  Martin.    New  York.    The  Macmillan  Co.,  1914.     (Gift  of 
Publishers.)     Price  $3.50. 
[Note. — The  book  was  written  by  the  late  Professor  Tarr,  and  was  based  on  his 

lectures  on  physical  geography  at  Cornell.    Professor  Martm  has  edited  Professor 

Tarr's  manuscript,  written  seven  chapters  to  complete  the  book,  selected  the  illus- 
trations and  adaed  copious  bibliographical  references.    The  work  is  extremely  well 

done.— W.P.C] 

Das  Verzinbn,  Vebzinkbn,  Vsrnickbln,  etc.    By  F.  Hartmann.    Ed.  6.    Wien, 
1913. 

Der  Erz-  und  Metallmarkt.    By  A.  Haenig.    Stuttgart,  1010. 

Gbaphic  Methods  for  Presenting  Facts.    By  W.  C.  Brinton.    New  York,  1914. 

Handbook  of  Tables  and  Formulas  for  Engineers.    By  C.  A.  Peirce  and  W.  B . 
Carver.     McGraw-Hill  Book  Co.,  New  York,  1914. 

Lackawanna  Steel  Co.  Handbook,  edition  of  1915.    Lackawanna,  N.  Y.,  1914. 
(Gift  of  Company.) 

New  Intebnational  ENCTCLOPiEDiA.    Vols.  3-6.     New  York,  1914. 

Our  Mineral  Reserves.     How  to  make  America  Industrially  Independent.     Bull. 
599,  U.  S.  Geological  Survey.    Washington,  1914. 

Quarry  Accidents  in  the  United  States  dxtring  the  Calendar  Year  1913. 
Technical  Paper  92,  U.  S.  Bureau  of  Mines.     Washington,  1914. 

Company  Reports 

Oriental  Consolidated  Mining  Co.    Report,  1914.    New  York,  1914.     (Gift  of 

Company.) 
Electrostatic  Sepabation.    N.p.,  n.d.     (Gift  of  American  Zinc  Ore  Separating  Co.) 
Plumb  Pneumatic  Jig.    N.p.,  n.d.     (Gift  of  American  Zinc  Ore  Separating  Co.) 

Trade  Catalogues 

Amebican  Steam  Pump  Co.,  Battle  Creek,  Mich.    Pump  test  made  by  ftobt.  W.  Hunt 

&  Co.  of  Chicago,  111. 
Amebican  Steel  &  Wibb  Co.,  Chicago,  111.    American  Wire  Rope  News.    June, 

1914. 
Detboit  Fuse  &  Mpg.  Co.,  Detroit^  Mich.     "Detroit"  ironclad  fused  switches  and 

motor  starters.     "Arkless"  indicating  enclosed  fuses.     28  pp. 
Genebal  Elbctbic  Co.,  Schenectady,  N.  Y.     Bull.  No.  48014.     Mine  Hoist  equip- 
ment, Sept.,  1914. 
Genebal  Filtbation  Co.,  Inc.,  Rochester,  N.  Y.    Filtros,  the  perfected  porous 

mineral  ware.    28  pp. 
Keasbbt  &  Mattison  Co.,  Ambler,  Pa.     Comments  on  the  evil  wood  shingle  roof. 

16  pp. 
Leschen,  a.  &  Sons  Rope  Co.,  St.  Louis,  Mo.    Leschen's  Hercules.    Oct.,  1914. 
Longyeab,  E.  J.  Co.,  Minneapolis,  Minn.     Bull.  No.  5,  "UG"  long-stroke  screw* 

feed  diamond  drill. 
Philadelphia  Steel  &  Fobge  Co.,  New  York,  N.  Y.     Hieh  Grade  Steels.    46  pp. 
Spabta  Ibon  Wobks  Co.,  Sparta,  Wis.     Sludge  Bucket.     Nov.,  1914. 
SxTPPLEE-BiDDLE    Habdwabe  Co.,    Philadelphia,  Pa.     Mond   Metal.     Sept.-Oct., 

1914. 
Wbbbtbb  Mfg.  Co.,  Tiffin,  Ohio.    Webster  Method.    Sept.,  1914. 


Digitized  by 


Google 


Xiv  MONTHLT  BxJLIiBTIN,   No.  96,   DsCBlfBEB,   1914 

MEMBERSHIP 

New  Mbbcbebs 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Oct.  10  to  Nov.  10,  1914: 

MernheTB 

Addams,  Chablbs  Edward,  Asst.  Supt..  .Ray  Consolidated  Copper  Co.,  Ray,  Arix. 
Alexander,  Harry  H.,  Asst.  Mgr.  and  Mgr.,  American  Smelting 

ft  Refining  Co^  Maurer,  N.  J. 

Allino,  Mark  N.,  Min.  Engr Downieville,  Sierra  Co.,  Cal. 

Anderson;  Leslie  Douolass,  Supt U.  S.  Smelting  Co^   Midvale,   Utah. 

Atkins,  William,  Jr.,  Sec'y. Kingwood  Coal  Co.,  Howesville,  W.  Va. 

Blake,   True   Walter,   Min.  Engr Kombauet    Coal  Co.,   Noving^  Mo. 

Brackett,   George  Sylvester,  Supt. . .  Pittsvein  Coal  Co^  Fleminf^n,  W.  Va. 

Brainerd.  Howard  Stanford,  Met Ingersoll-Rand  Co.,  PhiUipsburg,  N.  J. 

Brown,  Thomas  J.,  Genl.  Supt.,  Nova  Scotia  Steel  ft  Coal  Co.,  3ydney  Mines, 

N.  S.,  Canada. 

Browne,  Kenneth  Caulfield,  Min.  Engr 1236  Tinton  Ave.,  New  Yoric,  N.  Y. 

Bryan,  John  K.,  Genl.  Foreman Raritan  Copper  Wks.,  Perth  Amboy,  N.  J. 

Cadmus,  Daniel|jE[.,  Resident  Enor Central  Coal  ft  Coke  Co.,  Huntington^  Aik. 

Caples,  James  Watts,   Min.  ana  Civ.  Engr Salmon,  Idaho. 

Carpenter,  Edwin  L.,  Pres Consolidated  Fuel  Co.,  Salt  Lake  Citv,  Utah. 

Carpenter,   Henry  Cort  Harold.   Prof,  of  Met.,  Imperial  Coll^  of  Science 

and  Tech.  (Royal  School  of  Mines),  So.  Kensington^  London,  S.  W.,  England. 
Charbonnier,  Jules,  Genl.  Mgr.,  West  Canadian  Collienes,  Ltd.,  Blairmore, 

Alta.,  Canada. 

CoMSTOCK,  Eltino'H.,  Prof School  of  Mines,  Univ.  of  Minn.,  Minneapolis,  Minn. 

Cornell,  Irwin  Hewlett,  Sec'y.,  St.  Joseph  Lead  Co.,  61  Broadway, 

New  York,  N.  Y. 
Delano,  Lewis  A.,  Chemist  and  Foreman,  Flotation  Plant,  St.  Joseph  Lead  Co., 

Bonne  Terre,  Mo. 

DuptjR,    William    Harrison Oil  City,  Pa^ 

Dye,  Robert  Emmttt,  Met. . .  Care  Buffalo  Mines^  Ltd.,  Cobalt,  Ont.,  Caziada. 

Eames,  Luther  B.,  Supt Goldfield  Cons.  MilL  Goldneld,  Nev. 

Ferguson,  William  Curtis,  Genl.  Supt.,  The  Calumet  Fuel  Co.,  Utah  Fuel  Co., 

Denver,  Colo. 
Garrett,  Arthur  John,  Min.  Engr.,  Lehigh  Coal  ft  Navigation  Co.,  Lansford,  Pat. 

Graupner,  Marcellus  F 753  Laguna  St.,  San  Francisco,  Cal. 

Grebnan,  James  Owen,  Min.  Engr.,  Care  Nevada  Hills  Min.  Co.,  Fairview,  Nev. 

Grether,  Walter  Scott,  Min.  Emsr R.  F.  D.  1,  Asbury,  Mo. 

Griffiths,  S^iank  I.,  Asst.  Met.,  Mt.  Morgan  Gold  Mining  Co.,  Mt.  Moigan, 

Queensland,  Austndia. 
Hamilton,  Robert,  Cons.  Engr.,  Tennessee  Coal,  Iron  ft  R.  R.  Co.,  Birmingham,  Ala. 

Hardison,  S.  J.,  Supt Nevada  Petroleum  Co.,  Coahnga,  Gal. 

Harper,  John  Bradbtrbet,  Supt.,  Copper  Queen  Gold  Min.  Co.,  Stoddard. 

Yavapai  Oo.^  Aria. 
Hase,  Herman  Carl,  Millman,  Care  Inspiration  Cons.  Copper  Min.  Co.,  Miami,  Aiix. 

Hastings,  Vernon  P.,  Jr.,  Smelter  Supt., P.  O.  Box  477,  Morenci,  Aria. 

Hastings,  Warren,  Mine  Foreman New  Jersey  Zinc  Co.,  Ogdensburg,  N.  J. 

Hayes,  James  Edward,  Jr.,  Vice-Pres.  and  Genl.  Mgr.,  New  Jersey  Zinc  Co., 

66  WaU  St.,  New  Yori^  N.   Y. 

Henry,  John  Thompson,   Min.   Engr Martha  Furnace,   Center  Co.,   Pa. 

Heskett,  John  A.,  Met 44  Mayfield  St.,  Coburg,  Vio^  Australia. 

HiLLEKE,  August  F.,  Dist.  Supt Semet  Solvay  Co.,  Ensley,  Ala. 

Holt,  Jacob  M.,  Supt Colonial  Collieries  Co.,  Natahe,  Pa. 

Hutchinson,  B.  E.,  Vice-Pres Blair  Engineering  Co..  Chicago,  HI. 

Hutchison,  William,  Chief  Engr.,  Hillcrest  Collieries,  Ltd.,  Hillcrest  Mines, 

Alba.,  Canada. 

Huttelmaibr,  Gustav^j  E.,  Engr H.  C.  Frick  Coke  Co.,  Scottdale,  Pa. 

Julian,  Estey  A.,  Genl.  Mgr Nevada  Hills  Mining  Co^  Fairview,  Nev. 

Kendall.  Messmore,  Lawyer 233  Broadway,  New  York,  N.  Y. 

Kerr,  Walter,  Supt.,  St.  Louis,  Rocky  Mountain  ft  Pacific  Co.,  Koehler,  N.  M. 
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KiNGDON,  GxoRGB,  Supt Caiuuiea  Cons.  Copper  Co..  Cananea,  Son.,  Mexico. 

List,  Elaier,  Engr Granby  Mining  A  Smelting  Co.,  Neodesha.  Kan. 

LtTTHEB,  Roland  Y.,  Genl.  Mgr Peerless  Coal  &  Coke  Co.,  Vivian,  W.  Va. 

MiZBN,  Ben  Alfbed,  Min.  Engr Crosby,  Minn. 

MooDT,  Nelson  Kinosland,  Vioe-Pres.,  Prairie  Oil  &  Gas  Co^  Independence,  Kan. 

NicoL,  James,  Jr.,  Genl.  Msr Galloway  Coal  Co.,  Carbon  Hill,  Ala. 

Norton,  Wadsworth  W.,  Supt.,  Murray  Plant,  Amer.  Smelt.  &  Ref.  Co., 

Murray,  Utah. 
O'Brien,  Thomas  S.,  Supt..  .Original  Amador  Cons.  Mines  Co.,  Amador  City,  Cal. 

Ohnsoro,  Norman  L.,  Asst.  Supt Phosphate  Mining  Co.,  Nichols,  Fla. 

Parker,  J.  Heber,  Met Carpenter  Steel  Co.,  Reading,  Pa. 

Payne,    Calvin    N Titusville,  Pa. 

PiEZ,  Charles,  Pres Link  Belt  Co.,  39th  St.  and  Stewart  Ave.,  Chicago,  lU. 

Powell,  Frederick  J«  Lawyer,  Mining 62  William  St.^  New  York,  N.  Y. 

Radclute,  Donald  Hewson,  Instructor  in  Mineralogy,  Missouri  School 

of  Mines,  Rolla,  Mo. 
Reid,  John  Callxtm,  Genl.  Mgr.,  Chinook  Coal  Co.,  Ltd.,  Lethbridge,  Alta.,  Canada. 

Rhoads,   Eugene   A.,    Contractor Rhoads   Contracting   Co.,   Ashland,    Pa. 

RiNOLUND.  SoREN,  Min.  Engr Empire  Zinc  Co.,  Silver  City,  N.  M. 

Rogers,  Benjamin  C,  Engr Rav  Cons.  Copper  Co.,  Ray,  Ariz. 

Roth,  Robert  P.,  Asst.  Chief  Engr.,  E.  E.  White  Coal  Co.,  Glen  White, 

Raleigh  Co..  W.  Va. 

Rottbh,  Gar  A.,  Asst.  Prof.  Met Lehigh  Univ.,  So.  Bethlehem,  Pa. 

RuiLOBA,  JosB  A.,  Chairman,  Zinc  Com.,  U.  S.  Steel  Corpn.,  71  Broadway, 

New  York,  N.  Y. 
Salisbttrt.  George  W.,  Mine  Inspector,  United  Verde  Copper  Co^  Jerome,  Aris. 
ScARFE,  George  O.,  Sunt.,  Middle  Yuba  Power  Co.,  Allegnany,  Sierra  Co.,  Cal. 
ScHULTZ,  Roy  Wii^on,  Mill  Supt.,  Mond  Nickel  Co.,  Ltd.,  Coniston,  Ont.,  Canada. 
Sedbrholm,  Charles  Augustus,  Supt.,  Anaconda  Copper  Mining  Co^ 

Coal  Dept.,  Sand  Coulee,  Mont. 
Shilling,  Jacob  David,  Jr.,  Asst.  Supt.  of  Mines,  Utah  Copper  Co., 

Bingham  Canyon,  Utah. 

Smith,  Cecil  Welden,  Min.  Engr Nokomis  Coal  Co^  Nokomis,  Bl. 

Smith,  Jat  Marx,  Sales  Engr IngersoU-Rand  Co.,  Hartford,  Conn. 

Smith,  Jesse  M.,  Consulting  Engr 32  West  40th  St.,  New  York,  N.  Y. 

SoPER,  Ralph  H.,  Geol Care  E.  A.  Soper,  1401  Cowper  St.,  Palo  Alto,  Cal. 

Spbrr,  J.  Dana,    Min.    Engr Tom  Rc^  Gold  Mines  Co.,  Oatman,  Arix. 

Stalder,  Walter,  Oil  Geol 1022  Crocker  Bldg^  San  Francisco,  Cal. 

Strand,  Karl  Aksel,  Supt Empire  Zinc  Co.,  Hanover,  N.  M. 

Thornhill.  E.  Bryant,  Supt Bufifalo  Mines,  Cobalt,  Ont.,  Canada. 

TiNGLBT,  Tract  W.,  Asst.  Supt.,  Coal  Washery4.Plant,  Cambria  Steel  Co., 

Johnstown,  Pa. 
TscHUDT,  Frederick,  Cons.  Engr...Tenn.  Coal,  Iron  STB.,  R.  Co.,  Ensley,  Ala. 

Umplebt,  Joseph  B.,  Geol U.  S.  Geological  Survey,  Washington,  D.  C. 

Walter,  Raymond  A..  Chief  Engr.,  Md.  Div.,  Consolidation  Coal  Co.,  Frostburg,  Md. 
Warner,  Charles  m.,  Field  Imgr.,  Dwight  &  Lloyd  Smeltmg  Co.,  29  Broadway, 

New  York,  N.  Y. 
Watson.  George  Thomas,  Vice-Pres.,  Consolidation  Coal  Co.,  Fairmont,  W.  Va. 

Wehr,  Arthur  J.,  Engr Ramsey  Co.,  1052  Fairmont  Ave.,  St.  Paul.  Minn. 

Weisenburg,  Andrew 2030  Chestnut  St.,  Philadelpnia,',Pa. 

Woodson,  Edward  Francis,  Min.  Engr.,  Central  Coal  &  Coke  Co., 

Rock  Springs,  Wyo. 
Wrampelmeier,  Ernest  Leon  Swift,  Min.  Engr.,  565  Monadnock  Blag., 

San  Francisco,  Cal. 
Wright,  Clark  W.,  Min.  Engr.,  Care  Little  River  Drainage  District, 

C^>e  Girardeau,  Mo. 

Wright,  Ira  L.,  Min.  Engr Pinos  Altos,  N.  M. 

Young,  Alpales  Burgess,  Chief  Testing  Engr.,  Tooele  Plant,  International 

Smelting  Co.,  Tooele.  Utah. 
Young,  Fred  Willard,   Min.  Engr.,  General  Delivery,   Cobalt,  Ont.,   Canada. 

Associate  Members 

Colquhoun,  William  Wallace,  Met.  Engr.,  31  Femdale.  Tunbridge  Wells,  England. 
Jones,  Arthur  Lucas,    Dist.    Engr General  Electric  Co.,   Denver,   Colo. 
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Lewisohn,  Adolph,  Pres.,  Miami  CJopper  Co.,  61  Broadway,  New  York,  N.  Y. 
NoTMAN,  George,  Secy,  and  Treaa.,  Phelps,  Dodge  &  Co.,  99  John  St., 

New  York.  N.  Y. 
Wright,   Spencer  Disston,   Mf r. 1017  N.   Front  St.,   Philadelphia,  Pa. 

Junior  Members 

Crampton,    Theodore  H.  M Care   "Mt.    Chief,"    Placerville,    Idaho. 

Fox,  Walter  V.,  Min.  Engr Copper  Giant  Mine,  Hackberry,  Am. 

Pryer,  William  Cristy,  Student Trojan,  S.  D. 

Sen,  Janshi,  Student 433  Fumald  Hall,  Columbia  Univ.,  New  York,  N.  Y. 

Candidates  for  Membership 

The  following  persons  have  been  proposed  during  the  period  Oct.  10 
to  Nov.  10,  1914,  for  election  as  members  of  the  Institute.  Their  names 
are  published  for  the  information  of  members  and  associates,  from  whom 
the  Committee  on  Membership  earnestly  invites  confidential  communi- 
cations, favorable  or  unfavorable,  concerning  these  candidates.  A 
sufficient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Members 

Rodolphe  Louis  Agassiz,  Boston,  Mass. 

Proposed  by  Robert  H.  Richards,  W.  E.  C.  Eustis,  H.  L.  Smyth. 
Bom  1871,  Cambridge,  Mass.     1892.  Harvard;  A.  B.     Chairman  of  Committee 
on  Geology,  Mineralogy,  and  Petrography  at  Harvard. 

Present  position:  Vice-Pres.,  Calumet  &  Hecla  Mining  Co. 

Charles  Philip  Boone,  Berkeley,  Cal. 

Proposed  by  S.  H.  Loram,  Ross  E.  Douglass,  B.  T.  Colley. 

Bom  1883,  Berkeley,  Cal.  1905,  Grad.  Univ.  of  Cal.,  B.  S.  1906-08,  Butters 
Salvador  Mines.  1909-10,  Empire  Mines,  Grass  Valley,  Cal.  1911,  John  Taylor 
&  Sons,  India.     1912-13,  Charles  Butters  A  Co.,  Ltd. 

Present  position:  Charles  Butters  &  Co.,  Ltd.,  Valparaiso,  Chile. 

Eric  Edwin  Booth,  Cloncurry,  N.  Queensland,  Australia. 

Proposed  by  W.  H.  Corbould,  T.  T.  Read,  Charles  P.  Rand. 

Bom  1881,  Momya,  N.  S.  Wales.  1895-98,  Boys'  High  School,  Sydney,  N.  S.  W. 
1903-04,  Sydney  Univ.  1905-07,  School  of  Mines,  Ballarat,  Vict.;  A.  S.  M.  B. 
1898-1904,  N.  S.  Wales  Government  as  Surveyor  and  Engineer,  on  harbor  construc- 
tion works.  1907-09,  Surveyor,  Lloyd  Copper  Co.,  Burraga,  N.  S.  W.  1910,  Con- 
structing Engr..  smelting  plant,  Mt.  Elliott  Copper  Mines,  N.  Queensland.  1911, 
Mine  Mgr.,  CoDar  Gold  Mines,  Cobar.  1912-13,  Mine  Mgr.,  Lloyd  Copi>er  Mine, 
Burraga,  N.  S.  W. 

Present  position :-  Engineering  Draftsman,  Mt.  Elliott  Mine,  N.  Queensland. 

S.  H.  Brady,  Tonopah,  Nev. 

Proposed  by  Horace  V.  Winchell,  Warren  V.  Richardson,  W.  H.  Wiley. 

Bom  1874,  Detroit,  Mich.  No  technical  education;  practical  exi)erience.  1894- 
95,  Assayer,  Last  Chance  Mine,  Bingham,  Utah.  1896,  Shift  Boss,  Yellow  Jacket 
Mine,  Idaho.  1897,  Assayer,  Foley  Gold  Mines,  Ontario,  Canada.  1898-1907, 
Underground  Supt.  and  Asst.  Supt.,  Michigan  Copper  Mining  Co.,  and  Adventure 
Min.  Co.,  Ontanagon  county,  Mich.  1907-09,  Supt.,  Tonopan  Belmont  Dev.  Co., 
Tonopah,  Nev. 

Present  position:  1909  to  date;  Genl.  Mgr.,  West  End  Cons.  Min.  Co.;  Supt., 
Halifax  Tonopah  Mining  Co.,  Tonopah,  Nev. 
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George  Henry  Caperton,  Charleston,  W.  Va. 

Proposed  by  James  S.  Cunningham^  J.  M.  Clark.  Charles  £.  Krebs. 

Bom  1860,  Lynchburg.  Va.  1874-75,  High  School,  Staunton,  Va.  1876-78, 
Vinrinia  Agricultural  and  Mech.  College.  1884-1906,  Genl.  Mgr.,  Fire  Creek  Coal 
A  Coke  Co.  1896-1906,  Genl.  Mgr.,  iTirumond  Coal  Co.  1895-1897,  Genl.  Mgr., 
New  River  Coke  Co.  1900-1906,  Pros.,  Wright  Coal  &  Coke  Co.  1903-06,  Pres. 
and  Mgr.,  Tinkey  Knob  Coal  Co.  1903-05,  Pres.  and  Mgr^  Piney  Colliery.  1906- 
14,  Pres.,  Slab  Pork  Coal  Co.     1906-14,  Pres.,  South  Side  Co. 

Present  position:  Pres.,  Scotia  Coal  &  Coke  Co.,  Fayette  and  Raleigh  counties, 
W.Va. 

Thomas  William  Dawson,  Scottdale,  Pa. 

Proposed  by  Howard  N.  Eavenson,  Edward  O'Toole,  Samuel  A.  Taylor. 
Bom  1876,  Helfenstein,  Pa.  1892.  Mt.  Carmd.  Pa.,  High  School.  1901,  Grad. 
Ohio  Normal  Univ.,  Ada,  Ohio,  in  Min.  Engrg.;  B.  S.  1892-97,  Phila.  &  Heading 
Coal  <k  Iron  Co.,  Locust  Gap,  Pa.,  clerk  and  Later  chainman  on  Engrg.  Corps.  1901- 
02,  Draftsman  on  general  work,  Westinghouse  Electric  Co.,  East  Pittsburgh,  Pa. 
1902-03,  Mine  Transitman.  H.  C.  Frick  Coke  Co.,  Scottdale,  Pa.  1903-04,  Mine 
Transitman  and  Property  Draftsman,  H.  C.  Frick  Coke  Co.,  Scottdale,  Pa.  1904- 
07,  Div.  Engr.,  H.  C.  Fnck  Coke  Co.,  Scottdale,  Pa. 

Present  position:  1907  to  date,  Asst.  Chief  Engr.,  H.  C.  Frick  Coke  Co. 

James  WUhert  Deetrick,  Youngstown,  Ohio. 

Proposed  by  John  E.  Perry,  George  H.  Morse,  C.  S.  Robinson. 

Bom  1870,  Sharpsburg,  Pa.  Common  and  high  schools,  Yoimgstown,  Ohio. 
1890,  In  laboratory  of  Youngstown  Steel  Co.  1893,  In  laboratory  of  Ohio  Steel  Co. 
1895,  Supt.  Blast  Furnace,  Mahoning  Valley  Iron  Co.  1899,  Supt.  Furnaces,  Republic 
Iron  &  Steel  Co.  Have  held  various  positions,  Supt.,  and  Manager  of  Blast  Furnaces, 
Steel  Plants,  and  Rolling  Mills,  with  this  company. 

Present  position:  Genl.  Mgr.,  Operating  Departments,  Republic  Iron  &  Steel  Co. 

Kelson  Dickerman,  Barranauilla,  Colombia. 

Proposed  by  Newton  Cleaveland,  E.  B.  Kimball,  W.  P.  Hammon. 

Bom  1881,  Denver,  Colo.  1900-01,  Surveyinjg  and  assaying,  Tomboy  Gold  Mines 
Co.  1901-02,  University  of  Cal.  1902.  Erection  and  runnmg  Rawhide  Cyanide 
Plant.  1902,  University  of  Cal.  1903,  Mine  sampling  and  testmg,  Spokane,  Wash. 
1903.  Bunker  HiU  and  Sullivan  Mine.  1903-04,  Met.,  Lead  Metals  Co.  1904-05, 
Grad.,  Univ.  of  Cal.;  B.  S.  1905-10,  Dredging,  Yuba  Cons.  Goldfields.  1910-11, 
Asst.  to  Genl.  Mgr.,  Cleaveland-Natomas  Cons.  1911-13,  Kutley  Creek  Gold  Dredg-  . 
ing  Co.,  Salmon,  Ida. 

Present  position:  Genl.  Mgr.,  Pato  Mines,  Ltd.,  Colombia. 

Ralph  Dougall,  Bankhead,  Alta.,  Canada.  •     ^ 

Proposed  by  Lewis  Stockett,  Arthur' W.  Jenks>  Frank  D.  Adams. 

Bom  1875,  Montreal,  Can.  1882,  Tutors  and  private  school,  Montreal.  1883, 
Preparatory  school,  Montreal.  1885,  Brooklyn  Academy,  Brooklyn,  N.  Y.  1887, 
Whitestone,  L.  I.,  School,  N.  Y.  1892,  Flushing,  L.  I.,  School,  N.  Y.  1898,  McGill 
Univ.,  Montreal;  B.  A.  8c.  1898,  Transitman,  running  township  lines  in  Rainy 
River  district,  Ontario.  1899,  Asst.  Chemist^  Guggenheim  Smelter,  Aguascalientes, 
Mexico.  1900-03,  Chief  Chemist,  La  Compama  Mmera  de*Penoles,  Mapimi,tDgo., 
Mexico. 

Present  position:  1911  to  date,  Chief  Engr.,  Bankhead  Mines. 

Lee  D.  Dougan,  Terry,  S.  D. 

Proposed  by  J.  V.  N.  Dorr,  Noel  Cunningham,  Charles  A.  Chase. 

Bom  1884,  Plankinton,  S.  D.  1903,  Plankinton  High  School.  1904-05,  Univ. 
of  S.  D.  1906-07,  Univ.  of  Washington;  B.  S.  1907,  Homestake  Slime  Plant,  Dead- 
wood,  S.  D.     1906,  summer,  Granby  Mming  &  Smelting  Co.,  Phoenix,  B.  C. 

Present  position:  1907  to  date,  Asst.  Supt.,  Mogul  Mining  Co.,  Plume,  S.  D., 
and  Terry,  S.  D. 

George  Albert  Easley^  La  Paz,  Bolivia. 

Proposed  by  P.  A.  Seibert,  G.  H.  Cox,  Francis  Church  Lincoln. 

Bom  1885,  Harwood,  Mo.  1899-1901,  Nevada,  Mo.,  High  School.  1901-03, 
Warrensburg,  Mo^  State  Normal.  1903-09,  Missouri  School  of  Mines,  RoUa,  Mo.; 
B.  S.  1912,  M.  E.  1906-07,  Transitman,  on  location  in  Sonora,  Mexico,  E.  P.  & 
S.  W.  Ry.,  El  Paso,  Texas.  1909-10,  Supt.,  Pan  American  Tin  Co.,  La  Paz,  Bolivia. 
1910-11,  Supt.  1911-12,  Mgr.,'  011a  de  Ore  Gold  Mining  Co.,  La  Paz, 
Bolivia.     1912-13,  Reported  on  mines  in  SpanishlHonduras  for  Olla  de  Ore. 

Present  position:  Mgr.,  Olla  de  Ore  Gold  Mines,  Ltd.,  La  Paz,  Bolivia. 
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Charles  Lewis  Taylor  Edwards,  Bethlehem,  Pa. 

Proposed  by  W.  R.  Shimer,  E.  O.  C.  Acker,  W.  L.  Cumings. 

Bom  1889,  Duquesne,  Pa.  1907-08,  Carnegie  Tech.  N^^ht  School.  1909-13, 
Lehigh  Univ.,  Met.  1905-06.  Bessemer  Steel  Dept.,  National  Tube,  McEeesport. 
1906-07,  National  Rolling  Mills,  McKeesport.  1907-08,  Eng.  Dept.  and  Rail  hi> 
spector,  Tenn.  Coal,  Iron  &  R.  R^  Ensley,  Ala.  1908-09,  Construction,  order  deik, 
National  Tube,  McKeesport.  Porter  liocomotive  Wks.,  Pittsburgh,  Pa.  1914, 
Open  Hearth  helper.  So.  Bethlehem,  Pa.    Special  Steel  Inspector. 

Present  position:  Asst.  to  Supt.  Blast  Furnaces,  Bethlehem  Steel  Woric8,'S. 
Bethlehem,  Pa. 

Roy  Feldenheimer,  Portland,  Ore. 

Proposed  by  O.  N.  Friendly,  Jamea  Humes,  Georee  S.  Erueger. 

Bom  1889,  Portland,  Ore.  1906,  Portland  Academy.  1906-08,  Univ.  of  Cal. 
1909-10,  Europe.  1910-12,  Univ.  of  Cal.;  B.  S.  in  Alineralogy.  1907,  summer, 
Survey  with  Spring  Valley  Water  Co.,  S.  F.,  Cal.  1908,  summer,  underground  Noith 
Pole  Min.  Co.  1909,  Assaying,  sampling  ore,  Idaho  Invest.  Co.  1M9,  Topman, 
Humboldt  Gold  Min.  Co.  1912,  six  months.  Gold  Bullion  Assayer,  Selby  Smelter. 
1912-13,  four  months.  Keystone  Drill  A  Oiler,  Natomas  Cons.  1913,  six  months, 
Roaster  Engineering  Dept.,  Steptoe  Valley  Smelter,  derk  and  draftsman.  1913, 
Member  Canadian  Inst.  Min.  Engrs. 

Present  position:  Unemployed. 

Tames  Hyde  Forbes,  Stanford  Univ..  Cal. 

Proposed  by  James  C.  Ray,  C.  F.  Tolman,  Jr.,  G.  H.  Clevenger. 

Bom  1889,  Chicago,  El.  1908,  Los  Angeles  High  School.  1913,  Leiand  Stan- 
ford, Jr.,  Univ.  1908-09,  Yellow  Aster  Mine,  Randsburg,  Cal.  1909,  Gold  Midas 
Min.  Co.,  Knob,  Cal. 

Present  position:  1913  to  date,  Geol.,  and  Hydrographical  Engr.,  Spring  Valky 
Water  Co. 


Alfred  Karl  Friedrich,  Cleveland,  Ohio. 

Proposed  by  G.  A.  Reinhardt,  Charles  H.  Fulton.  A.  W.  Smith. 

Bom  1883,  Meadville,  Pa.  1904,  Case  School  of  Applied  Science;  B.  S.  1908, 
Harvard  Univ.;  M.'.'E.  1904,  Rodman,  C.  &  N.  W.  Railroad,  Boulder.  Colo. 
1906,  Transitman,  on  Coal  Mine.  Surveyor  for  C.  W.  Courtney,  Cleveland,  Ohio. 
1905-06,  Engineer's  Office,  City  of  Cleveland.  1906-07,  Chemist,  Union  Sulphur  Co., 
Sulphur,  La. 

Present  position:  1908  to  date,  Engr.,  Rogers-Brown  Ore  Co.,  Crosby,  Minn. 

Ernest  Gheur.  Red  Deer,  Alta^  Canada. 

Proposed  by  Lewis  Stockett,  W.  P.  McNeill,  R.  H.  Morris. 

Bom  1878,  Li^ge,  Belgium.  1901,  Grad.  as  Civil  and  Ming.  Engr.,  Univ.  of  Li6ge, 
Belgium.  1901-09,  Supt.,  Charbonnayes  des  Kessales,  Gemmeppe-eur-meuse.  1910- 
12,  Chief  Engr.,  Acadia  Coal  Co.,  Stdlarton,  N.  S.,  Canada. 

Present  position :  1912  to  date,  Consulting^Engr.,  Brascau  Collieries,  Ltd.,  Toronto. 

Charles  Newton  Gould,  Oklahoma  City,  Okla. 

Proposed  by  Anthony  F.  Lucas,  David  T.  Day,  David  White. 

Bom  1868,  Lower  Salem,  Ohio.  1892-99,  Southwest  Kansas  College;  B.  S. 
1899-1900, Univ.  of  Nebraska,  Geology :  A.  M.  1900-03,  Instructor  in  Geology,  Univ. 
of  Okla.  1903-08,  Prof,  of  Geology^  Univ.  of  Okla.  1906,  Ph.  D.,  Univ.  of  Nebr. 
1908-11,  Director,  Oklahoma  Geological  Survey.  1903-06,  Resident  Hydrompher 
U.  S.  Geological  Survey.  1904,  Member,  Amer.  Assn.  Ad.  Science.  1905,  f^ow, 
Geological  Society  of  America.  1913,  Member,  Intemational  Geological  Congress. 
1914,  Member,  Institution  Petroleum  Technologiste. 

Present  position:  1911  to  date,  since  resigning  directorship  of  Oklahoma  Geologi- 
cal Survey  have  been  employed  by  various  companies  and  individuals  in  reporting  oo 
properties,  chiefly  oil  and  gas. 
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Stephen  Harris,  Friezland,  N.  Queenslandi  Australia. 

Proposed  by  W.  H.  Corbould,  T.  T.  Read,  Charles  P.  Rand. 

Bom  1863,  Victoria.  1877-81,  Wesley  Coll^je,  Melbourne,  Victoria.  1883-85, 
School  of  Mines,  Ballarat,  Vict.  Three  years  course,  studying  geology,  mineralogy, 
assaying,  surveying,  metaJlurev,  mechanical  engineering  and  general  mining.  1886, 
Lead  remiing,  Sunnv  Comer  Buyer  Mining  Co.,  N.  S.  W.  1886,  Assaying,  Knnacles 
Silver  Mining  Co^  Broken  Hill,  N.  Z.  1886-87,  Assaying  New  Zealand  Smelting  Co., 
Thames,  N.  8.  W.  1887-80,  Assaying  and  Met,  Cordmera  &  Peelwood  S.  M.  Co., 
Pedwood,  N.  8.  W.  1889-96,  Broken  HiU,  Block  14,  8.  M.  Co.,  Broken  Hill,  Kal- 
goorlie.  1895,  Met.,  Great  Boulder  G.  M.  Co.,  Kalgoorlie,  W.  Aust.  1895-1900, 
Genl.  Mgr..  Hannans  Reward  G.  M.  Co.  1900-04,  Unattached.  .  1905-06,  Asst. 
Mgr.,  lioyd  Copper  Mine,  Ltd.  Burrago,  N.  S.  W.  1906-07,  Genl.  Mgr.,  Queen 
Bee  Copper  Mine,  Cobar,  N.  8.  W.  1908-10,  Unattached.  1910-13,  Asst.  Genl. 
Mgr.,  Mt.  Elliott  Copper  Mines,  Selwyn,  N.  Queensland,  Aust. 

Present  position:  Resident  Mgr.,  Hampden  Cloncurry  Copper  Mines. 

John  Hartley  Hastings,  Bergettstown,  Pa. 

Proposed  by  John  B.  Hastings,  Waldemar  Lindgren,  Ralph  Nichols. 

Bom  1887,  Ketchum,  Idaho.  1906,  Grad.,  East  Denver  High  School.  1906-07, 
Denver  Univ.,  chemistry,  mathematics,  and  French.  1908,  two  months.  Student's 
course  of  assaying,  Stephen  Rickard's  Denver  office.  1908,  six  months,  Study  of 
crystallography  and  microscopic  petrography  at  home  with  instructor's  aid.  1908, 
Six  months  study  of  general  geolo^  and  neld  trips  adjacent  to  Denver.  1907,  Asst., 
mine  examination  in  Mexico  with  J.  B.  Hastings.  1907,  Chainman,  railroad  survey. 
Southern  Pacific  in  Mexico.  1908,  Miner,  Bisbee,  Calumet  &  Arizona  Min.  Co.  1908, 
In  chaive  of  own  custom  assay  office  at  Shoshoni,  Wyo.  1909,  Millman,  Wilfley 
tables,  St^toe  Valley  Plant,  Nevada  Con.  Copper  Co.  191 1-14,  Chemist  and  Assayer, 
Western  Chemical  Mfg.  Co. 

Present  position:  Chief  Chemist,  American  Zinc  and  Chem.  Co.,  Langeloth,  Pa. 

Roswell  HiU  Tohnson,  Pittsburgh,  Pa. 

Proposed  by  Anthony  F.  Lucas,  H.  B.  Meller,  David  T.  Day. 

Bom  1877,  Buffalo,  N.  Y.  •  1891-96,  Buffalo  High  School.  1895-96,  Brown  Univ. 
1896-99,  Harvard  Univ.  1899-1900,  Univ.  of  Cfccago;  B.  S.  1901-03,  Univ.  of 
Missouri;  M.  S.  Summer,  1904,  Univ.  of  Cal.  1907-08,  Columbia  Univ.  190S- 
12,  Consulting  Geol.,  Bartlesville,  Okla..  in  oil  and  gas. 

Present  position:  1912  to  date.  Prof,  of  Geology  and  Oil  and  Gas  Production, 
Univ.  of  Pittsburgh. 

Guy  Manning  Kerr,  Garfield,  Utah. 

Proposed  by  F.  A.  Mosman,  A.  Eilers,  Louis  D.  Huntoon. 

Bom  1870,  Jackson.  Mo.  Early  education  in  Colo.  Springs  school  and  in  Cutler 
Academy  and  Colo.  College.  1892-96,  Univ.  of  Gdttinfen,  Germany;  Ph.  D.  1890- 
91,  Assayed  lixiviation  plant,  San  Juan  de  Guadalupe,  Mexico,  and  later  at  a  mine  near 
Morelia,  Mexico.  1897-98,  Assayer  and  Chemist,  Old  Amber  Mine  and  MilL  near 
Helena,  Mont.  1902,  Asst.  Chemist,  Elers  Plant,  Pueblo,  Colo.  1903,  Chief  Chem., 
Pueblo  Plant,  Pueblo,  Colo.  1904-06,  Asst.  Supt.;  1906,  Supt.;  Durango  Plant, 
Durango,  Colo.     1906-14,  Supt.,  Arkansas  Valley  Plant,  Leadville,  Colo. 

Present  position:  Acting  as  Asst.  Supt.,  temporarily  at  Garfield  Smelting  Co 

Sterling  Sidney  Lanier,  Jr^  Nortonville,  Ey. 

Propoeed  by  George  G.  Crawford,  Frank  H.  Crockard,  Frank  D.  B^sh,  F.  G. 
Morris,  E.  W.  Parker. 

Bom  1888,  Birmingham.  Ala.  Birmingham  Grammar  Schools.  1906,  Grad., 
High  School,  Binningham,  Ala.  1906,  Univ.  of  Ala.,  special  course.  1907,  Lehigh 
Umv.,  course  ef  Min.  Engrg.  1910,  Grad..  Lehigh  Univ.;  E.  M.  1910,  Prospecting 
Engr.  and  Chemist,  Monro  Warrior  Coal  &  Coke  Co.,  Birmingham,  Ala.  1911,  Coal 
Salesman,  Monro  Warrior  C.  &  C.  Co.  1911-12,  Dav  laborer,  Republic  Iron  & 
Steel  Co.,  Republic,  Ala.  1912,  Mine  Inspector,  R.  I.  &  S.  Co.,  Republic,  Ala.,  and 
Sayreton,  Ala.     1912,  Asst.  Msr.,  NortonviQe  Coal  &  Coke  Co..  Nortonville,  Ky. 

Present  position:  1912  to  date,  Genl.  Mgr.,  Nortonville  Coal  Min.  Co.,  Norton- 
ville,  Ky. 
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Herbert  Houditon  Lauer,  Philadelphia,  Pa. 

Proposed  by  E.  Gybbon  Spilsbury,  Howard  N.  Eavenson,  G.  Aertsen. 

Bom  1880,  Phaadelphia.  Fa.  1892-1896,  Philadelphia  Public  Schools.  1896- 
99,  Manual  Training  High  School.  Phila.  1899-1906,  Lehigh  Univ.;  E.  M.  1901- 
04,  Rodman,  transitman.  Third  Afist.  Engr.  on  confitruction,  Belmont  Filters  aL<: 
Reservoir,  Phila.  1904M)6,  Lehigh  Univ.  1906-07,  Engr.  and  Aaaayer,  Black  M: 
Mining  Co.,  Greene  Cananea  Copper  Co.,  Cananea,  Son.,  Mexico.  1907-08,  Chirf 
Engr.,  Sewanee  Fuel  &  Iron  Co.,  Tenn.  1908-10,  Cyanide  shift  boss  and  sine  rcw^-m 
foreman,  Guanajuato  Development,  Gto.,  Mexico.  1910-12,  U.  S.  Steel  Co.,  En^. 
in  mining  and  metaUureical  work,  W.  Va.,  Alabama,  and  HI.  1912-13,  Lcistjuctor, 
Min.  Dept.,  Univ.  of  Hi. 

Present  position:  1913  to  date,  Engr.,  Midvale  Steel  Co.,  Philadelphia,  Pa. 

Henry  K.  McHarg,  Jr.,  Roanoke,  Va. 

Proposed  by  Walton  Ferguson,  Floyd  E.  Cunningham,  Stephen  E.  Puckette, 
W.  P.  Peck,  J.  A.  Van  Mater  and  J.  E.  Johnson,  Jr. 

Born  1883,  New  York,  N.  Y.  General  education,  public  and  private  schools. 
1904-12,  Blast  Furnace  Supt.,  Genl.  Supt.  Furnaces,  Genl.  Supt.  of  Ore  Mines,  Vir- 
ginia Iron,  Coal  Sc  Coke  Co. 

Present  position:  Vice-Pres.  and  Genl.  Mgr.,  Virginia  Iron,  Coal  &  Coke  Co. 

John  William  Mailer,  JaUsco,  Mexico. 

Proposed  by  Robert  Peele,  J.  F.  Kenip,  Charles  P.  Berkey. 

Bom  1887,  Rumania.  1903,  Grad,.  Public  School,  New  York,  N.  Y.  1903-06. 
Academic  Dept.,  College  of  the  City  of  New  York.  1906-10,  School  of  Mines. 
Columbia  Univ.;  E.  M.  1913-14,  Post-graduate  student,  Columbia  Univ.,  Dept. 
of  Geology.  1910-11,  Amalgamated  Copper  Co.,  Butte,  Mont.,  miner.  1911-13. 
Engr.,  shSft  boss  and  foreman,  New  York  and  Honduras  Rosario  Min.  Co.,  S:x 
Juanito,  Honduras. 

Present  position:  Engr.,  Public  Service  Commission  (temporary). 

Walfher  Mathesius,  So.  Chicago,  HI. 

Proposed  by  H.  A.  Brassert,  P.  A.  Newton,  A.  J.  Boynton. 

Bom  1886,  Hoerde,  Germany.  1893-1904,  Grad.  Gymnasium  at  Dortmund. 
1905-10,  Grad.,  Technische  Hochschule,  BerUn,  Charlottenburg,  department  of  chem- 
istry and  metallur^;  Diplom-Ingenieur.  1907-11,  Received  d^ree  of  Doctor  Id- 
gemeur  from  Kgl.  Technische  Hochschule  in  Berlin,  Charlottenburg.  1904,  Eiseii- 
werk  Kraft,  Kratzwieck,  Blast  furnace  and  coke  ovens.  1904,  Eisenwei^  Jolv. 
Wittenberg,  foundry.  1905,  Wilhehnshtitte,  Enlau,  Mech.  Dept.  1905,  Gutebof- 
nungshatte,  Sterkrade,  foundry.  1905,  Gutehoflfnungshtitte,  Oberhausser,  rolling 
mUls.  1907,  Eisenhtittenwerk  Thale,  Thale  a.  Harz,  open  hearth  dept.  1909-1*.'. 
Rombacher  Htittenwerke,  Rombach,  blast  furnace  dept.  1910-11,  Asst.  Prof.,  I>pt- 
f or  metallurgy  of  iron,  Kgl.  Technische  Hochschule,  Berlin,  Charlottenburg.  1911- 
12,  American  Steel  &  Wire  Co.,  Worcester,  Mass. 

Present  position:  1912  to  date,  Aast.  Supt.,  Blast  Furnaces  1-4  and  E.,  South 
Works,  Illinois  Steel  Co. 

Ernest  Martin  Merrill^  Beckley,  W.  Va. 

Proposed  by  John  J.  Lmcoln,  E.  E.  White,  Thomas  Nichol.^ 

Bom  1878.  Newark,  Ohio.  1896,  Grad.,  Deane  Academy,  Granville,  Ohi- . 
1902,  Grad.,  Civil  Engineering  Dept.  of  Ohio  State  Univ.,  Columbus,  Ohio.  190a-irJ, 
Rodman,  Riggs  &  Sherman,  Municipal  Engineers,  Toledo,  Ohio.  1902-03,  Drafts- 
man with  locating  parW  on  Virginian  Ry.  1903^05,  Chief  Engr.  and  Genl.  Mgr., 
Micajah  Coal  &  Coke  Co. 

Present  position:  1905  to  date,  General  consulting  practice,  Beckley,  W.  Va. 

George  Shikataro  Nishihara,  Madison,  Wis. 

Proposed  by  W.  H.  Emmons,  O.  W.  Wheelwright,  C.  K.  Leith. 

Bom  1887,  Okayma.  Japan.  1912,  B.  S..  Univ.  of  Aria.  Oct.-Dec.,  1912,  Scholar 
in  Geology,  Univ.  of  Chicago.  1913-14,  Scholar  in  Geology,  Univ.  of  Minn.;  M.  :^. 
1914,  Member  of  Sigma  Xi,  Member  of  National  Geographic  Soc.  1910,  Assayer. 
Cerro  Prieto  Gold  Mining  Co.,  Cerro  Prieto,.  Sonora,  Mexico.  1912,  Geology  o- 
Buckman  Canyon,  Ariz.  1912,  Assayer  and  Geologist,  Gundakei  Mining  C<>.. 
Mohawk  Mine,  Ariz.  1912,  Geology  of  Montezuma  district,  Maricopa  countr, 
Ariz. 

Present  position:  Field  geologist,  Wisconsin  Geological  and  Natural  History 
Survey. 
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Robert  Scott  Ord,  Spokane,  Wash. 

Proposed  by  Howard  N.  Eavenson,  John  J.  Lincoki,  George  S.  Patterson,  Henry 
Brooke. 

Bom  1872,  Edinburgh,  Scotland.  General  education.  1878-81,  George  Watson's 
College  for  Boys,  Edinburgh,  Scotland.  1881-83,  Germantown  Academy,  German- 
town,  Pa.  1884-86,  Grammar  school.  1886-88,  Duval  High  School^acksonville,  Fla. 
1903,  Wm.  C.  Atwater  A  Co^  Ltd;,  coal  selling  agencjr,  Bluefield,  W.  Va.  1903-14, 
Gen.  Mgr.,  Mkhom  Coal  &  Coke  Co.,  Maybeury.  W.  Va. 

Present  position:  Genl.  Mgr.,  Corbin  Coal  &  Coke  Co.,  Spokane,  Wash.  Mines  in 
B.  C,  Canada. 

George  B.  Pickett  Ophir.  Colo. 

Proposed  by  Prank  Bulkley,  S.  A.  lonides,  D.  G.  Miller. 

Bom  1866.  Mt.  Pleasant,  Iowa.  1880-1886,  Student  at  Colo.  College,  Colo. 
Springs,  in  the  preparatory  and  irregular  studies  in  the  reuEular  college  classes.  1885, 
Orensorter,  Belcher  Mine,  Silverton,  Colo.  1886,  North  Star  on  Kmg  Solomon  Mt., 
Silverton,  Colo.;  followed  by  prospectinjg,  leasing  and  contracting.  1900,  Took 
management  of  the  Carbonero  Mine,  Ophir,  Colo. 

Present  position:  Vice-Pres.  and  Mgr.  of  Ophir  Gold  Mines,  Milling  and  Power  Co. 

Ferdinand  Ritter,  Castleton,  Vt. 

Proposed  by  J.  F.  McClelland,  L.  W.  Bahney,  Arthur  F.  Taggart. 
Bom  1888.  Chicopee,  Mass.     1908-13,  Mining  Course,  Sheffield  Scientific  School, 
Yale  Univ.;  E.  M.     1912,  summer.  Republic  Iron  Co.,  Republic,  Mich. 
Present  position:  1913  to  date,  Supt.,  Staso  Milling  Co.,  Castleton,  Vt. 

Alexander  George  RusseU,  Jr.,  Tazewell,  Va. 

Proposed  by  Howard  N.  Eavenson,  Karl  F.  Overholt,  J.  P.  WilUams,  Jr. 
Bom  1876,  Hamilton,  Canada.     1881-91,  Public  school  and  business  course. 
Present  position:  1902  to  date,  Engr.  and  Agent,  Faraday  Coal  &  Coke  Co. 

Walter  M.  Saunders,  Providence,  R.  I. 

Proposed  by  H.  M.  Boylston,  G.  A.  Reinhardt,  Albert  Sauveur. 

Bom  1866,  Johnston,  R.  I.  1881,  Public  schools  of  Johnston.  1881-84,  Providence 
High  School.  1884-86.  Mass.  Inst,  of  Technology.  1888,  Brown  University. 
1889-96,  Instroctor  in  Chemistry,  Brown  Univ. 

Present  position:  1896  to  date,  Member  of  firm,  Saunders  &  Franklin,  anal3rtical 
and  consulting  chemists.  Providence,  R.  I. 

Edward  A.  Sayre,  Des  Moines,  la. 

Proposed  by  S.  W.  Beyer,  Edward  E.  Bugbee,  W.  B.  Cole. 

Born  1879,  York,  Neb.  1906,  Grad.  Iowa  State  College,  Ames,  Iowa;  B.  S.  1911, 
Received  degree  of  E.  M.  from  the  same  institution. 

Present  position:  1906  to  date.  General  Mgr.,  Eagle  Coal  Co.,  Des  Moines,  Iowa. 

Quincy  A.  Shaw.  Boston,  Mass. 

Proposed  by  Robert  H.  Richards,  W.  E.  C.  Eustis,  H.  L.  Smyth. 

Bom  1869,  Boston,  Mass.  1891,  Harvard;  A.  B.  1891-93,  Calumet  A  Hecla 
Min.  Co.,  Calumet,  Mich.  Officer  and  Director  Ahmeek  Min.  Co.,  Allouez  Min.  Co., 
Centennial  Copper  Min.  Co.,  Isle  Royale  Copper  Co.,  Osceola  Cons.  Min.  Co.,  Superior 
Copper  Co.,  Tamarack  Min.  Co.,  White  Pine  Copper  Co. 

Present  position:  1894  to  date,  Pres.,  Calumet  &  Hecla  Mining  Co. 

Alan  O.  Sommerville,  Arcadia,  Pa. 

Proposed  by  Rembrandt  Peale,  W.  C.  Snyder,  Hugh  Archibald,  G.  F.  Dunkle. 
H.  J.  Hinterleitner,  Edwin  M.  Chance,  H.  P.  Dowler,  T.  H.  Watkins. 

Bom  1869,  Centre  County,  Pa.  1874-86,  Genl.  education,  BeUefonte,  Pa.,  Acad- 
emy. 1886-^87,  worked  in  and  about  the  coal  mines  at  Snow  Shoe,  Pa.,  for  my 
father,  who  was  operating  mines  at  that  place.  1888-92,  worked  at  Winbume,  Pa., 
for  Sommerville  and  Buchanan  in  mines  and  store.  1893-96,  Managed  store  of 
Mineirs'  Supply  Co.,  Philipsburg,  Pa.  1897-99,  Operated  coal  mine  at  Munson,  Pa. 
1899-1901,  Mine  foreman,  Sommerville  and  Buchanan,  Winbume,  Pa.  1906-08, 
District  Supt.,  Arcadia  district,  for  Beech  Creek  Coal  &  Coke  Co.  and  their  succes- 
sors, the  Penn.  Coal  &  Coke  Corpn. 

Present  position:  Division  Supt.  of  Arcadia,  Patton  and  Winbume  districts  of 
Penn.  Coal  &  Coke  Corpn. 
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Thomas  R.  Stockett,  Nanaimo,  B.  C,  Canada. 

Proposed  by  Eli  T.  Conner,  Lewis  A.  Riley,  Lewis  Stockett. 

Bom  1863,  Pennsylvania.  General  and  technical  education.  Member  Canadian 
Mining  Institute  since  1902.  Member  since  1902,  and  Chairman  since  1912,  of  the 
B.  C.  Government  Board  of  Mine  Examiners.  1879-86,  Locust  Mountain  Coal  & 
Iron  Co.  1886-99,  Cons.  Coal  Co.,  St.  Louis,  Mo.  1899-1901,  Pacific  Coast  Co., 
Seattle,  Wash.     1901-04,  Crow's  Nest  Pass  Coal  Co.,  B.  C,  Can. 

Present  position:  1904  to  date,  Genl.  Mgr.,  Western  Fuel  Co.,  San  Franc^isco. 

Benjiman  Kendrick  Stroud,  San  Francisco,  Cal. 

Proposed  by  Thomas  Cox,  A.  K.  P.  Harmon,  Jr^  M.  L.  Requa. 

Born  1881,  Fresno,  Cal.  1905,  Univ.  of  Cal.,  Mining.  1900-06,  Monte  Cristo 
Oil  Co.,  San  Francisco,  Cal.  1908-09,  P.  J.  Berry,  St.  Francis  Hotel,  Cal.  1909-10, 
Pioneer  Midway  Oil  Co.,  San  Francisco,  Cal.  1909-10,  St.  Lawrence  Oil  Co.,  San 
Francisco.  Cal.  1910-13,  Recovery  and  Universal  Oil  Co.,  San  Francisco,  Cal.  Supt. 
of  all  of  tne  former  properties. 

Present  position:  Engr.,  appraisal  board  of  the  Independent  Oil  Producers  Assn. 

Charles  Walter  Tubby,  St.  Paul,  Minn. 

Proposed  by  Fred  J.  Leac^,  R,  R.  Seeber,  C.  W.  Macdougal. 

Bom  1879,  Georgetown,^Canada.  To  1899,  Technical  high  schools  and  private 
instructors.  For  several  years  filled  in  vacations  in  drafting  ofiices  and  machine 
shops.  1899,  Surveying,  Great  Northern  Ry.,  Pacific  Coast.  1900,  Mech.  Drafts- 
man, G.  N.  Ry.  oflSce.  1901,  Mech.  Engr.,  St.  Paul.  Minn.  1901,  Chief  Mech.  Drafts- 
man, G.  N.Rv.  1903,  St.  Paul,  Minn.  1903,  Chief  Clerk  to  Supt.  of  Motive  Power, 
G.  N.  Ry.  St.  Paul,  Minn.  1903,  Locomotive  Coal  Testing,  Montana  Div.,  G.  N.  Ry. 
1903,  Asst.  to  Mech.  Engr.,  Great  N.  Ry.,  St.  Paul,  Minn.  1904,  Mech.  Salesman, 
Chicago  Pneumatic  Tool  Co.,  St.  Paul,  Minn.  1906,  Representative,  International 
Steam  Pump  Co.  and  several  othec  companies  building  railway  and  mining  machinery. 

Present  position:  1913  to  date,  District  Sales  Mgr.,  International  Steam  Pump  Co. 

Robert  Ray  Van  Valkenburgh,  Juneau,  Alaska. 

I^oposed  by  Burt  B.  Brewster,  B.  L.  Thane,  B.  B.  Nieding. 

Bom  1889,  Le  Roy,  N.  Y.  1908,  Completed  course  in  Le  Roy  High  School,  Le 
Roy,  N.  Y.  1909.  (Completed  one  year's  course  at  Rochester  Athenium  and  Mechanics 
Inst.,  Rochester,  N.  Y.  1913,  Completed  3  1/2  years'  course  in  Michigan  College  of 
Mines;  B.  S.  and  E.  M.  1914,  Michigan  College  of  Mines:  B.  S.  1912,  Six  months  as 
timberman,  and  miner  at  Franklin  Jnr.  Mines,  Demmon,  Mich.  1913.  Six  months  as 
miner  at  Perseverance  Mine,  Alaska  Gastineau  Mining  Co.,  Juneau,  Alaska. 

Present  position:  Shift  boss,  Alaska  Gastineau  Minmg  Co.,  Juneau,  Alaska. 

F.  de  Venancourt,  Paris.  France. 

Proposed  by  W.  H.  Corbould,  Charles  F.  Rand,  T.  T.  Read. 

Bom  1870,  Maritinque.  1887.  Master  of  Arts  "Diplome"  from  the  Ecole  Cen- 
trale  des  Arts  et  Manufactures,  Paris.  1896-99,  Copper  Mines  of  ''Boles,"  Lower 
California.  1899-1901.  Boa  Kita  Gold  and  Diamond  Mining,  Brazil.  1901-03, 
Paras  Gold  Mines,  Colombia  (Genl.  Mgr.).  1903-05,  Mgr.,  Djebel  Ahmar  Copper 
Mines,  Genl.  Mgr.,  Paramatta  Copper  Mines.  1905-09,  Smelting  works,  So. 
Austrfiuia. 

Present  position:  Consulting  Engineer  since  1909,  Asst.  Prof,  at  the  Ecole  Centrale, 
Paris  (metallurgy  of  the  smaller  metals). 

Norman  L.  Warford^  Anaconda,  Mont. 

Proposed  by  Frederick  Laist,  C.  D.  Demond,  James  K.  Murphy. 

Bom  1865,  Brideton,  Pa.  1882,  PhUlipsbur^,  N.  J.  (H.  S.)  1892-95, 1.  C.  School 
and  Easton,  Pa.,  night  schools,  and  years  of  practical  experience.  1905-08,  Engineered, 
built,  and  operated  the  Washington  Portland  cement  plant.  1913-14,  Engineered, 
built,  and  put  in  operation  the  coal  pulverizing  plant  for  Anaconda  Copper  Mining  Co. , 
Reverberatory  .Smelting  Dept. 

Present  position:  Supt.,  Pulv.  Coal  Plant,  A.  C.  M.  Co. 

Eugene  £.  Watton,  Denver,  Colo. 

Proposed  by  R.  D.  George,  H.  S.  Thayer,  Richard  A.  Parker. 

Born  1881,  St.  Louis,  Mo.  Public  schools,  no  degrees.  1902,  Mt.  Vernon  Cor. 
Mfg.  Co.,  Mt.  Vernon,  HI.  1903-04,  Traffic  Dept.,  St.  Louis  Southwestern  Ry., 
Tyler,  Texas.  1904^07,  Operating  Dept.,  D.  S.  S.  and  A.  Ry.,  Marquette,  Mich, 
1907-08,  Executive  Dept.,  Mich.,  Kansas,  and  Topeka  Ry.,  St.  Louis,  Mo. 

Present  position:  1908  to  date,  Treas.  and  Genl.  Mgr.,  United  Oil  Co. 
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Walter  N.  WetzeL  Suxmyside,  Utah. 

PropcM9ed  by  H.  N.  Eavenson,  J.  C.  Roberts,  W.  C.  Furguson,  Alexander  Bowie. 

Bom  1884,  Dakota,  HI.  1900-04,  Eng.  Dept..  H.  C.  Frick  Ck)ke  Co.  1904H)5, 
Eng.  Dept.,  U.  8.  Coal  A  Coke  Co.  1906-07,  With  Hogg  A  Porter,  Engrs.,  Union- 
town,  Pa.  1907-08,  Eng.  Dept.,  Colo.  Fuel  A  Iron  Co.  1908-12,  Eng.  Dept.,  Utah 
Fuel  Co.     1912,  Supt.,  Utah  Fuel  Co. 

Present  position:  Mine  Supt. 

John  Charles  Williams.  Dawson,  N.  M. 

Proposed  by  T.  H.  O'Brien,  Harry  J.  Wolf,  F.  W.  Traphagen. 

Bom  1890,  Butte,  Mont.  1897-1908,  Grammar  and  High  Schools,  Denver,  Colo. 
1908-09,  Univ.  of  Denver.  1909-13,  Colorado  School  of  Mines;  E.  M.  1913^14, 
General  stamp  mill  and  cyanide  plant  work.  Oroya  Leone^,  Matagalpa,  Nicaragua; 
Junta  G.  M.  Co.,  Telluride,  Colo. ;  Liberty  Bell,  Telluride. 

Present  position:  July,  1914,  to  date.  Chemist,  Stag  Cafion  Fuel  Co.,  Dawson, 
N.  M.  ^  ,  , 

Shigetake  Toshiwara,  Tokyo,  Japan. 

Proposed  by  Tadashiro  Inouye,  B.  Katsura,  S.  Kano. 

Born  1886,  Tokyo,  Japan.  1910,  graduated,  technical  college.  Imperial  Univ.  of 
Kioto  in  Japan;  "Aogakushi,"     1910-12,  studied  in  Germany,  France,  and  U.  S.  A. 

Present  position:  1910  to  date,  Engr.,  Kobe  Steel  Works  in  Japan  and  Daikoku 
Copper  Mine,  Japan. 

Associate  Members 

Peter  Louis  Goddard,  Cloncurry,  Queensland.  Australia. 

Proposed  by  W.  H.  Corbould,  T.  T.  Read,  Charles  F.  Rand. 

Bom  1881,  Marseilles,  France.  1887-1896,  Superior  Public  School,  Young, 
N.  S.  W.  1896-99,  Private  Grammar  School,  Young,  N.  S.  W.  1902-03,  Blast- 
Fumace,  Chilagoe  Co.,  Queensland.  1903-04,  Converter  Shift  Boss,  Chilagoe  Co.. 
Queensland.  1905-08,  Converter  Foreman,  Mount  MoUoy  Co.  1909,  several 
months  general  smelter  hand  at  Cobar,  Port  Kembla,  Mt.  Lyall,  Tasmania,  Mt. 
Morgan,  and  Great  Fitzroy,  Queensland. 

Present  position:  1909  to  date,  Smelter  and  converter  foreman,  Mt.  EUiott,  Ltd., 
Selwyn,  Queensland. 

James  Tenbrook  Roberts,  Butte,  Mont. 

Proposed  by  Frederick  Laist,  E.  P.  Mathewson,  C.  D.  Demond. 

Bom  1864,  Decatur,  HI.     1877-81,  Student  in  Decatur,  Dl.,  High  School. 

Present  position:  Acct.  and  Asst.  Secy.,  Anaconda  Copper  Min.  Co. 

Andrew  Constant  Vaudain,  Philadelphia,  Pa. 

Proposed  by  J.  E.  Thropp,  Jr.,  E.  P.  McClure,  Karl  Nibecker. 

Bom  1873,  Altoona,  Pa.  1891,  Grad.,  Altoona  High  School.  Thereafter  various 
night  classes  and  personal  studies,  during  and  subsequent  to  Baldwin  apprenticeship. 
1891-1912,  Baldwin  Locomotive  works,  Phila.,  as  ai)prentice;  1912-14,  in  various 
capacities,  chiefly  executive  and  including  field  engineering  this  country  and  in 
Europe,  Asia,  and  Africa. 

Present  position:  Vice-Pres.,  Southwark  Foundry  &  Machine  Co.,  in  charge  of  all 
engineering  and  constmction  and  manufacturing. 

Junior  Members 

Peter  A.  Aline,  Butte,  Mont. 

Proposed  by  D.  C.  Bard,  C.  H.  Bowman,  Theodore  Simons. 

Born  1892,  Great  Falls,  Mont.  1899-1907.  Public  schools,  Great  Falls,  Mont. 
1907-11,  Great  Falls  High  School.  Worked  during  the  summer  months  of  1911-12-13 
and  1914  at  the  Boston  and  Montana  Smelter,  Great  Falls,  Mont. 

Present  position:  Senior,  Montana  State  School  of  Mines. 

Roy  Samuel  Bonsib,  New  York,  N.  Y. 
Proposed  by  Robert  Peele.  Charies  P.  Berkey,  J.  F.  Kemp. 
Bom  1885.  Vincennes,  Ind.     1903,  Grad.,  Vmcennes  High  School.     1906,  Grad., 
Madison  Academy,  Uniontown,  Pa.     1910,  Grad.,  Indiana  Univ.;  A.  B.;  1911,  A.  M. 
Present  position:  Student,  Columbia  University,  School  of  Mines. 
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Lewis  Warner  Fogg,  Jr.,  Uniontown,  Pa. 

Proposed  Dy  W.  R.  Crane,  C.  E.  McQuigg,  H.  D.  Pallister. 

Bom  1892,  Dairy,  Pa,  1906-10,  Uniontown  High  School.  1910-15,  Pennsyl- 
vania State  CoU^.  1911,  Coke  Inspector.  1909-10,  Shipping  Clerk,  Tower  Hill 
Coke  Co.     1913,  Payroll  Clerk,  Craige  County  Lumber  Co. 

Present  position:  Student,  Penn.  State  College,  School  of  Mines. 

Bertram  Grant,  Golden,  Colo. 

Proposed  by  F.  W.  Traphagen,  William  It  Chedsey,  Harry  J.  Wolf. 
Bom  1892,  Norristown,  JPa.     1910,  Central  Manual  Training  School,  Philadelphia, 
Pa.     1912,  Utah  Fuel  Co.,  Castle  Gate,  Utah.  1913,  Barstow  Mining  Co.,  Ouray,  Colo. 
Present  position:  Student,  Colorado  School  of  Mines,  Golden,  Colo. 

Herbert  M.  Harbach,  State  College.  Pa. 

Proposed  by  W.  R.  Crane,  C.  E.  McQuigg,  H.  D.  Pallister. 

Bom  1892,  Lebanon,  Pa.     1911,  Grad.,  Lebanon  High  School  in  Scientific  Course. 

Present  position:  Student,  Penn.  State  College. 

John  Edward  Hunt,  Butte,  Mont. 

Proposed  by  D.  C.  Bard,  C.  H.  Bowman,  Theodore  Simons. 

Bom  1893,  Butte,  Mont.  1899-1907,  Graded  School  of  Butte.  1907-08,  St. 
Patrick's  High  School,  Butte.  1908-11,  Central  High  School, -Butte.  1911-12, 
Marquette  Univ.,  Milwaukee,  Wis.  1912-14,  Anacondia  Copper  Ming.  Co.,  mining 
and  tmibering.  1914,  Sampler,  Timber  Butte  Milling  Co.  1914,  Asst.  in  £ng.  Dept. 
Elm  Orlu  Mininp  Co. 

-Present  position:  Student,  Montana  State  Sdiool  of  Mines,  Butte,  Mont. 

^Robert  M.  Hutchison,  State  College,  Pa. 

Proposed  by  W.  R.  Crane,  C.  E.  McQuigg,  H.  D.  Pallister. 

Bom  1890,  Harrisburg,  Pa.  1909,  Grad.,  Harrisburg  High  School,  in  Latin 
Scientific  course.  1909-10,  City  Engineering  Dept..  Harrisburg,  Pa.  1910-11, 
Morris  County  Traction  Co.,  Morristown,  N.  J.  1911-14,  Board  of  Public  Works, 
Harrisburg,  Pa. 

Present  position:  Student,  Penn.  State  College. 

George  V.  Luerssen,  State  College,  Pa. 

Proposed  by  W.  R.  Crane,  C.  E.  McQuigg,  H.  D.  Pallister. 

Bom  1890,  Plainfield,  N.  J.  1907,  Reading  High  School,  graduate  in  general 
scientific.  1907-11,  Cracible  dept.  of  Carpenter  Steel  Co.,  Reading,!  Pa.  1911-14, 
Three  summers  in  cmcible  and  open  hearth  depts.  of  same  company. 

Present  position:  Student,  Penn.  State  College. 

Bertram  A.  Rebor.  Butte,  Mont. 

Proposed  by  D.  Cf.  Bard,  C.  H.  Bowman,  Theodore  Simons. 

Bom  1892,  Lindsay,  Neb.  1907,  Grad.,  St.  Patrick's  Parochial  School,  Butte, 
Mont.  1911,  Grad.,  Butte  Hieh  School.  1911-12-13,  winters,  employed  by  the 
Anaconda  Copper  Min.  Co.,  imoferground  at  West  Colusa  Mine. 

Present  position:  1911  to  1915,  Student  at  Mont.  State  School  of  Mines. 

Albert  £.  Rhoads,  State  College,  Pa. 

Proposed  by  W.  R.  Crane,  C.  E.  McQuigg,  H.  D.  Pallister. 

Bom  1892,  Harrisburg,  Pa.  1911,  GraaTT  Central  High  School  of  Harrisbuig  in 
Latin  Scientific  course.  1911-12-14,  Three  summers'  experience  with  Carborundum 
Co.,  Niagara  Falls,  experimental  research  and  analytical  work.  1913,  Three  months' 
work  on  fumaces  of  Frontier  Brass  Co.,  Niagara  Falls. 

Present  position:  Student,  Penn.  State  College. 

Guy  Thomas  Woodworth,  Butte,  Mont. 

Proposed  by  D.  C.  Bard,  C.  H.  Bowman,  Theodore  Simons. 

Bom  1891,  St.  Paul,  Minn.     1897-1909,  Graded  schools.  Great  Falls,  Mont 

Present  position:  1911  to  date,  Student,  Montana  State  School  of  Mines,  Butte, 
Mont. 

Change  of  Status,  Junior  to  Member 

Alan  Hav  Means,  Boston,  Mass. 

Proposed  by  W.  Lindgren,  H.  0.  Hofman,  Edward  E.  Bugbee. 

Bom  1890,  Pern,  HI.  1913,  Grad.  Maas.  Inst,  of  Tech.;  S.  B.  1914,  Geol.  Dept, 
Mass.  Inst,  of  Tech.;  M.  Sc.  1913,  summer.  Geological  field  work,  Red  ClifF,  Colo. 
1914,  Advanced  work  in  GJeology. 

Present  position:  Special  geological  work  at  Institute  of  Technology. 


Digitized  by 


Google 


Ambkican  Institute  op  Mining  Enginbbrs  xxv 

Changes  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  oflBice  during  the  period  Oct.  10  to  Nov.  10,  1914.  This 
list,  together  with  the  list  published  in  Bulletin  Nos.  88  to  95,  April 
to  Nov.,  1914,  and  the  foregoing  list  of  new  members,  therefore,  supple- 
ments the  annual  list  of  members  corrected  to  Mar.  1,  1914,  and  brings 
it  up  to  the  date  of  Nov.  10, 1914.  ^ 

Adams,    Henry Shippan  Ave.,  Shippan  Point,  Stamford,  Conn. 

Adams,  Ralph  E 711  Milla  Bldg.,  El  Paso,  Texas. 

Alden,  Hebbebt  W 21  Edison  St^.  Detroit,  Mich. 

Aldkbson,  Victor  C 1043  Emerson  St.,  Denver,  Colo. 

Alsdorp,  Frederick  C 1207  W.  Third  St.,  Loa  Angeles,  Cal. 

Ammon,  Robert American  Zino  Co.  of  Tenn.,  Mascot,  Tenn. 

Austin,  J.  F Care  Am.  Smelting  &  Refining  Co.,  Leadville,  Colo. 

Barxes,  Blakesleb Care  Arrow  Engineering  Co.,  Palmyra,  Mo. 

Batsr,  August  H.  von Care  Semet-Solvay  Co.,  Lebanon,  Pa. 

Bball,    Albert   S.   E P.   O.    Box   126,   Hollywood,    Cal. 

BoLLBs,  Myrick  N 812  Medary  Ave^  Brookings.  8.  D. 

Bradley,  Philip  R Treadwell,  Alaska. 

Bryant,  Albert  Daly Lock  Box  616,  Palmerton,  Pa. 

Buchanan,  Jerome  Robinson Genl.  Supt.,  Care  Imperial  Reduction  Co.. 

Ogelby,  Cal. 

Buck,  Charles  A Vice-Pres.,  Bethlehem  Steel  Co.,  S.  Bethlehem.  Pa. 

Buckby,  De  Nard  Wilson Mill  Supt.,  Stewart  Min.  Co.,  Wallace,  Idaho. - 

BuELL,  Lloyd  T 359  Warburton  Ave. ,   Yonkers,   N.   Y. 

Cadman,  John 61  Wellington  Road,  Edgbaston,  England. 

Carpenter,  Arthur  Howe 19  Hawthorne  Ave.,  Craf ton.  Pa. 

Cartlidqe,  Oscar 1363  Whittier  Ave^Springfield,  111 

Caruthers,  a.  Wayne.  .  Care  R.  V.  Norris,  524  Second  Bank  Bldg.,  Wilkes-Barre,  Pa. 
Chase,  Edwin   E 1450   Williams  St.,    Denver,    Colo. 

Chase,  F.  D Apartado  27,  Monterey,  Mexico. 

CoRBUS,  A.  W '  .Los  MoUnos,  Tehama  Co.,  Cal. 

Cox,  Thomas P.  O.  Box  1,  FeUows,  Cal. 

CoxE,  Charles  E Care  E.  M.  Morgan,  P.  O.  Box  266,  Reading,  Pa. 

Cbbmer,  Felix Care  Metropolitan  Exhibit,  Los  Angeles,  Cal. 

Cremer,  J.  H 2800  Washington  Ave.,  Cleveland,  Ohio. 

CusHiNG,  Daniel "The  Wampum,"  7216  Lexington  Ave^,   Cleveland,  Ohio. 

Day,  David  T 1331  F   Street,  N.  W.,   Washington,   D.  C. 

Dean,  A.  L. P.  O.  Box  1363,  Victoria,  B.  C,   Canada. 

Defty,  Willlam  E 618  N.  Third  Ave.,  Phcenix,  Ariz. 

DeGolyeb,    E.   L 631   University    Boulevard,    Norman,    Okla. 

DoBBON,  Chris  G 302  Colonial  Blk.,  Butte,  Mont. 

DuFOUROQ,  R.  G Care  Montezuma  Lead  Co.j  Santa  Barbara,  Chih.,  Mexico. 

Erdlets,  J.  F.  B.,  Jr 1  London  Wall  Buildings,  London,  E.  C,  England. 

Evans,  Mii/roN  R 236  Gardner  St.,  Plymouth,  Pa. 

Fulton,  Charles  H 3046  Euclid  Heights  Blvd.,  Cleveland,  Ohio. 

FuuroN,  Chester  A.. .  Care  Mina  Lo  Increible,  El  Callao,  Yuruari, 

Venezuela,  S.  A.,  via  Trinidad. 

Galloway,  A.  D.  R Abosso,  Gold  Coast  Colony,  West  Africa. 

Gambrill,  G.  T 1419  Eutaw  Place,  Baltimore,   Md. 

Gard,  Irving  R 477  Vermont  Place,  Columbus,  Ohio. 

Goodrich,  Harold  B 450  West  147th  St.,  New  York,  N.  Y. 

Gray,  John  N.  D Care  Consolidated  Arizona  Smelting  Co.,  Humboldt,  Ariz. 

Grebe,  Emil Tombstone,  Ariz. 

Greene,  Lewis  H 2808  Claremont  Boulevard,  Berkeley,  Cal. 

Greensfelder,  Nelson  S 1109  Summit  Ave.,  Seattle,  Wash. 

Griffin,  F.  W 506  Alaska-Commercial  Bldg.,  San  Francisco,  Cal. 

Haas,  J.  C Apt.  G,  The  Wellington,  Sixth  Ave.  and  Stevens  St.,  Spokane,  Wash. 

Hall,  William  J Care  Federal  Mining  &  Smelting  Co.,  32  Broadway, 

,  New  York,  N.Y. 

Hansen,  George  T 609  Keams  Bldg.,  Salt  Lake  City,  Utah. 
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Hardt,  J.  Gordon 312  City  Natl.  Bank  Bldg.,  El  Paso,  Texas. 

Harms,  Ernest Apartado  93,  Torreon,  Coah.,  Mexico. 

Haupt,  Lewis  H Box  65.  Palmerton,  Pa. 

HiBBERT,  Arthur Creston,   Marple  Bridge,  Deroyshire,  England. 

HiLDRBTH,  Thomas  F.  . .  Davidson  Ore  Mining  Co..  403  White  Bldg.,  Bu£falo,  N.  Y. 

Hinckley,  E.  R Care  D.  C.  McCormick,  Perkins  Place,  Norwich,  Conn. 

Hoffmann,  John  1 32  Great  St.  jEEelens,  London,  E.  C,  En^and. 

Howe,  Albion  S Minas  de  Matahambre,  Prov.  Pinar  del  Rio,  Cuba. 

Imhoff,  Alexander Box    122.  Murphy,  CaL 

Keen,  Cornelius  D 203  Commercial  Natl.  Bank  Bldg^  Shieveport,  La. 

K£LLET\  Arthur  L 630  S.  Grape  St.,  Medford,  Ore. 

Kemp,  L.  W Chuquicamata,  via  Antofogasta,  Chile. 

Kepner.  R.  B Velardena,  Durango,  Mexico. 

Krom,  S.  Arthur 609  Madison  Ave.,  Plainfield,  N.  J. 

KuRiE,  Frank  M 625  I.  W.  Hellman  Bldg.,  Los  Angeles,  Cal. 

KwANG,  KwoNG  Yung Lincheng  Mines,  lincheng,  via  Peking,  North  China. 

Lawrie,  H.  N Atlantic  Highlands,   N.  J. 

Le  Chatelier,   H.  L 13  rue  Lesdiquieres,   Grenoble,  France. 

LiNDAU,  S.  Paul 429  E.  Mill  St.,  Liberty,  Mo. 

LoNGYEAR,  J.  M.,  Jr Leicester  St.,  Brookline,  Mass. 

Loux,  Carl  H Pocatello,  Idaho. 

LovB,  James  ^W Leonard  Hotel,  Butte,  Mont. 

LucKE,  P.  K The  Limes,  East  Molesey,  Surrey,  England. 

McAllen,  John  L 170  Eleventh  Ave.,  Seattle,  Wash. 

McBridge,    Wilbert    G Oracle,    Aria. 

McDaniel,  Alexander  K 50  W.  4th  Ave.,  Denver,  Colo. 

McIntosh,    Frank   K Cook,    Minn. 

.  McLuRE,  Charles  D.  .Care  Granite  Bi-Metallic  Cons.  Min.  Co.,  Philipsbure.  Mont. 
McNeill,  W.  F.,  Sec'y-Treas.,  Western  Coal  Operators  Assn.,  912  Herald  Bldg., 

Calgary,  Alta.,  Canada. 

McNutt,  V.  H Billings,  Mont. 

MacDougall,  Charles  W Millington,  N.  J. 

Magee,   James  F Sugar  Loaf,   Boulder  Co.,   Colo. 

Martin,  Samuel  G 43  Cedar  St.,  New  York,  N.  Y. 

Marsh,  Harry  W Moscow.  Idaho. 

Marsh,  Robert,  Jr.,  Care  M.  Guggenheim  &  Sons,  165  Broadway,  New  York,  N.  Y. 

Marshall,   N.   C 253  College  Ave.,  Houghton,  Mich. 

Mentzel,  Charles 135  Broadway,  New  York,  N.  Y. 

Mitchell,  T.  E.,  Burma  Mines,  Ltd.,  Bawdwin,  P.  O.  Nam  Tu,  via  Manpwe 

Junction,  Northern  Shan  States,  Burma,  India. 

MoFPETT,  Charles  A Alabama  City,  Ala. 

Morris,  Richard  J 509  Lincoln  Drive,  Germantown,  Philadelphia,  Pa. 

Morse,  George  H Huron,  Ohio. 

Murphy,  E.  M 2008  Oneida  Place,  Spokane,  Wash. 

Naito,  Hisahiro Care  Nippon  Oil  Co.,  Ltd.,  Marunouchi,  Tokyo,  Japan. 

N ARAVANE,  S.  G. .  Asst.  Mgr.,  Choitidih  Colliery,  P.  O.  Katrasgarh,  E.  I.  Ry.,  India. 

Norton,  Edward  G 6023  Vernon  Ave.,  Chicago,  111. 

Oldpield,  F.  W Mexican  Mines  Co.,  Bolanos,  Jal.,  via  Zacatecas,   Mexico. 

Painter,  Robert  K Care  General  Chemical  Co.,  25  Broad  St.,  New  York,  N.  Y, 

Payne,  Arthur  C.  . .  Care  Oil  Fields  of  Mexico  Co.,  576  Fifth  Ave.,  New  York,  N.  Y. 

Pearson,  William  R. 414  W.  119th  St.,  New  York,  N.  Y. 

Perry,  W.  A 7  East  56th  St.,  New  York,  N.  Y. 

Prochazka,  George  A.,  Jr 138  W.  13th  St.,  New  York,  N.  Y. 

Prommel,  H.  W.  C 739  E.  14th  St^  Denver,  Colo. 

PRYER,  William  Cristy General  Delivery,  Deadwood,  S.  D. 

Raleigh,  J.  R Rossville,  via  Cooktown,  Queensland,  Australia. 

RiBALKiN,  M.  P Vassilievsky  Ostrov,  6th  Line,  No.  17.  Petrograd,  Russia. 

Richmond,  William  H Richmond  Hill,  Scranton,  Pa. 

Robinson,  Theodore  W Room  1620.  208  S.  La  Salle  St.,  Chicago,  111. 

Saunders,  T.  Skewes "Dos  Estrellas,"  Apartado  34.  El  Oro,  Mex.,  Mexico. 

Sayre,  Mortimer  F 229  Park  wood  Bldg.,  Schenectady,  N.  Y. 

Scheble,  M.  C Vice-Pres.  and  Gen.  Mgr.,  Bokoshe  Smokeless  CoaJ  Co., 

Bokoshe,  Okla. 

Schmidt,  William  C^  Jr 1056  St.  Nicholas  Ave.,  New  York,  N.  Y. 

ScHWARz,  Charles  E 6234  Arundel  Place,  St.  Louis,  Mo. 
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Shalbr,  Millard  K 2  BishopsKate,  London,  E.  C,  England. 

Sloan,  William  Arthur 212  N.  Iiouise  St^  Glendale,  Cal. 

Smith,  Charles  Albert 3326  N.  17th  St.,  Philadelphia,  Pa. 

Smith,    Howard    I Urbana,    HI. 

Sproat,  a.  D Care  American  Consul,  Vera  Cruz,  Mexico. 

Sterling,  Robert Goldfield  Consolidated  Mines  Co.,  Goldfield,  Nev. 

Sternfeld,  Theodore Treas.,  American  Metal  Co.,  61  Broadway. 

New  York,  N.  Y. 
Stevens,  Blamet,  Lane  Rincon  Mines,  Inc.  (S.  A.),  Tamascaltepec, 

Estado  de  Mexico,  Mexico. 

Sticht,    Robert Long    Beach,    Cal. 

Stucket.  L.  C Mill  Close  Mine,  Darley  Dde,  Matlock,  England. 

SrtJTZ,  Ernest 87  Nassau  St.,  New  York,  N.  Y. 

Sweeny,    Harry    P Clementon,    N.    J. 

Tacxmann,  Henry 253  East  82d  St.,  New  York^  N.  Y. 

Tarantous,  Richard Care  Inspiration  Cons.  Copper  Co.,  Miami,  Ariz. 

Thomas,  George  S 627  Moffet  Ave.,  Joplin,  Mo. 

Thomas,  W.  S Care  Citizens  Coal  Co.,  Salt  Lake  City,  Utah. 

TiMMONs,  Colin Atlas  Mine.  Jamestown,  Cal. 

Trenoovb,  S.  R 2341  Ellsworth  St.,  Berkeley,  Cal. 

Tuschka,  Otto Care  Smelter  No.  2,  Monterey,  Mexico. 

Van  Dyke,  B 821  N.  16th  St.,  Hamsburg,  Pa. 

Van  Libw,  W.  R 150  Willard  Ave.,  Bloomfield,  N.  J. 

Van  Zwaluwenburg,  A la  Madrid  15,  Mexico  City,  Mexico. 

Vivian,  Hugh Instructed  to  hold  all  mail. 

Walker,  R.  T 1812  Virginia  St.,  Berkeley,  Cal. 

Ward,  Harry  J 948  Market  St.,  San  Francisco,  Cal. 

Wbllman,  S.  T 8803  Euclid  Ave.,  Cleveland,  Ohio. 

Wells,  James  S.  C Care  R.  deC.  Greene.  105  Thomas  Ave.,  Cranf ord,  N.  J. 

WiERUM,  Howard  F Care  Chemists'  Club,  62  E.  41st  St.,  New  York,  N.  Y, 

Wilkinson,  John  F 1016  Webster  St.,  Oakland,  Cal. 

Williams.  Ralph  B 96  High  St.,  Newburyport,  Mass. 

Young,  Ralph  W 12  Prospect  Place,   New  Haven,  Conn. 

Young,  Wiluam  A Lewistown,  Mont. 

Addresses  of  Members  and  Associates  Wanted 

Name  Last  address  of  Record,  from  which  Mail  has  been  Returned. 

Ambrosius,    J.     R Guanajuato,     Mexico. 

Armas,     Miltiades    Th Paris,    France. 

Body,  J.  Francis New  York,  N.  Y. 

Gambrill,  G.  T.,  Jr Birmingham,  Ala. 

Hall,   S.   W Fredericktown,   Mo. 

Kerr,  David  Gillespie Toronto,  Ont.,  Canada. 

Newman,  Bruno Apartado  90,  Aguascalientes,  Mexico. 

Norrie,  William  G Three  Forks,  B.  C,  Canada. 

Palmer,  Cortlandt  E New  York,  N.  Y. 

PiNKHAM,  W.  F Battle  Mountain,  Nev. 

Rambo,    William   C.    J Denver,    Colo. 

Randolph,  B.  S Tonoloway  Quarries,  Tonoloway,  via  Hancock,  Md. 

RoDGERs,  Joseph  H Seattle,  Wash. 

RoDRiQUEz,   J.   C Coahuila,    Mexico. 

Sheafb,  Harry  J El  Dorado,  Cal. 

Thomas,   Charles  S.,  Jr St.  Louis,   Mo. 

Went  WORTH,  Irving  H.,  245  Belden  Ave.,  Harlandale  Addition,  San  Antonio,  Texas. 

White,  R.  T Dzansoul,  Russia. 

Wraight,  Ernest  A London,  S.  W.,  Endand. 

Wright,  Percy  E Seattle,  Wash. 

Necrology 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
oflBice  during  the  period  Oct.  10  to  Nov.  10,  1914: 
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Kioi  Name  Date  of  Deoea«,. 

1905  *CoLLiNS,     J.     P January  21,  1914 

1889  tHBiNZB,  F.  Augustus November     4,  1914 

1911  *Mastbb,  Noel  M November    — ,  1913 

1887  *YoRK,    Jambs  E October    4,    1914 

""Member.  tAssociate. 

Biographical  Notices 

Albert  Grothewos  born  April  4, 1841,  inHagen,  Westphalia.  His  father, 
Dietrich  Grothe,  was  a  professor  at  the  Technical  School  (Gewerbschule) 
in  that  town,  until,  during  the  political  unheaval  of  1848,  his  revolu- 
tionary and  democratic  views  caused  his  exile  from  Germany.  He 
settled  in  the  Netherlands  as  Professor  of  Technology,  first  at  the  Univer- 
sity of  Utrecht  and  later  at  that  of  Delft. 

Albert,  Grothe  was  educated  in  the  public  school  and  University  of 
Utrecht,  and  at  an  early  age  entered  the  Dutch  Army,  and  went  out  to  the 
Dutch  East  Indies  with  his  regiment.  After  serving  a  couple  of  years,  he 
was  led  by  the  strong  natural  bent  of  his  mind  to  abandon  a  military 
career  and  to  become  connected  with  railroad  construction  in  the  island 
of  Java.  In  1869  he  returned  to  Europe,  and  entered  the  employ  of  De 
Bergue  &  Co.  of  London,  England,  a  firm  of  coAtracting  engineers,  by 
whom  he  was  sent  to  Russia  to  superintend  the  construction  of  a  series  of 
bridges  on  the  St.  Petersburg-Moscow  Railroad  during  the  winter  of  1870- 
71.  On  the  completion  of  this  work,'  the  same  firm  had  obtained  the 
contract  for  the  erection  of  the  first  Tay  Bridge,  and  Mr.  Grothe  was 
given  the  management  of  the  whole  work.  On  the  death  of  Mr.  De 
Bergue,  the  contract  was  taken  over  by  Hopkins  Gilkes  &  Co.  of  Middles- 
brough, who  retained  Mr.  Grothe's  services  until  the  completion  of  the 
undertaking.  At  the  investigation  of  the  terrible  disaster  which  took 
place  two  years  after  the  bridge  had  been  turned  over  to  the  North 
British  Railway  Co.,  Mr.  Grothe  was  one  of  the  principal  witnesses,  and 
it  was  largely  due  to  his  evidence  under  severe  cross-examination  that 
both  the  engineer,  Sir  Thomas  Bouch,  and  the  contractors  were  com- 
pletely exonerated  from  all  blame  in  the  matter. 

After  some  minor  harbor  construction  in  the  north  of  Scotland,  Mr. 
Grothe  was  offered  the  position  of  Manager  by  the  Tharsis  Copper  Co. 
in  the  south  of  Spain,  and  this  definitely  turned  him  from  construction- 
work  to  mining.  He  went  to  Spain  late  in  1879.  During  the  four  years 
he  remained  there,  he  worked  out  some  important  improvements  in  the 
hydro-metallurgy  of  copper,  particularly  in  the  remarkable  process  of 
leaching  in  terreros  with  subsequent  precipitation  by  metallic  iron,  which 
as  carried  out  in  southern  Spain  to-day  is  unique  for  the  gigantic  scale  of 
its  operations  and  the  efiiciency  of  its  results.  After  severing  his  con- 
nection with  the  Tharsis  Co.  his  attention  was  directed  to  Mexico,  and 
he  was  appointed  General  Manager  of  the  United  Mexican  Mining  Co.  of 
Guanajuato.  While  there,  it  is  said,  he  introduced  the  system  of  pan- 
amalgamation,  abandoning  the  old  patio  process  in  the  company's  reduc- 
tion works. 

In  1892,  Mr.  Grothe  became  interested  in  irrigation  work  in  Idaho  and 
prepared  to  make  his  home  there,  becoming  an  American  citizen;  but  it 
was  not  long  before  he  turned  to  mining  again,  which  inevitably  led  him 
back  to  Mexico  iii  the  year  1900.    Since  that  time  he  has  had  various 
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interests  in  that  country,  turning  his  mind  more  and  more  to  the  metallur- 
gical branch  of  the  profession.  In  1907  he  formed  a  partnership  with 
Herbert  Fuller  Carter,  an  English  engineer  and  a  member  of  the  Institute 
of  Mechanical  Engineers  of  London.  Under  the  firm  name  of  Grothe  & 
Carter,  they  were  prominent  as  consulting  engineers  and  introducers  into 
Mexico  of  the  most  modem  and  up-to-date  metallurgical  methods  and 
appliances,  among  which  may  be  mentioned  the  Grothe  air-agitating 
tank  (described  in  Trans.,  xl,  771,  918). 

The  last  four  years  of  storm  and  stress  in  Mexico,  and  the  consequent 
anxiety  and  nervous  strain,  undermined  his  naturally  strong  physique  so 
that  he  was  not  able  to  withstand  the  operation  which  at  the  end  became 
necessary,  and  he  passed  away  after  a  short  illness  on  the  19th  of  August 
last,  in  the  seventy-fourth  year  of  his  age. 

Mr.  Grothe  to  the  end  was  a  man  young  in  mind  and  spirit,  thoroughly 
abreast  of  the  times  in  his  profession,  and  keenly  interested  in  furthering 
scientific  research  and  correct  engineering  principles.  He  was  one  of  the 
founders  and  charter  members  of  the  Mexican  Institute  of  Mining  and 
Metallurgy,  and  was  its  first  President,  serving  two  terms  in  that  capac- 
ity and  one  year  as  Secretary.  He  was  also,  besides  being  a  member  of 
the  American  Institute  of  Mining  Engineers  (which  he  joined  in  1886),  a 
member  of  the  Institution  of  Civil  Engineers'  of  London,  England. 

John  Barnard  Swett  Pearse  was  bom  in  Philadelphia  on  Apr.  19,  1842. 
His  father,  Oliver  Peabody  Pearse,  a  sea  captain  in  the  China  trade,  was 
drowned  while  saving  a  bather  at  Cape  May,  June  29, 1848.  His  mother, 
whose  maiden  name  was  Adelia  Coflin  Swett,  afterward  married  Dr. 
Edward  Hartshome,  of  Philadelphia,  and  had  issue,  Joseph  Hartshorne, 
who  is  now  a  metallurgical  expert  at  Pottstown,  Pa.  Mr.  Pearse  received 
his  early  education  at  a  private  school  under  Charles  Short.  On  graduat- 
mg  from  Yale  College  in  1861,  he  entered  Booth  and  Garrett's  chemical 
laboratory  in  Philadelphia  as  a  student,  where  he  remained  until  June, 
1863,  at  which  time  he  took  charge  of  the  chemical  division  in  the  U.  S. 
army  laboratory  in  Philadelphia,  manufacturing  various  pharmaceutical 
products  for  the  hospital  service,  until  July,  1865.  He  then  spent  over 
two  years  in  practical  studies  of  mining  engineering  at  the  School  of  Mines 
at  Freiberg,  Saxony,  and  at  that  at  Loeben  in  Styria,  making  a  specialty 
of  metallurgy,  particularly  of  iron  and  steel,  visiting  and  working  at 
German  and  Austrian  works  and  mines.  Particularly  was  he  interested 
in  the  mechanical  devices  used,  as  well  as  the  methods  employed  in 
handling  different  ores  from  the  mine  to  the  finished  product. 

In  January,  1868,  he  entered  the  service  of  the  Pennsylvania  Steel  Co. 
at  Harrisburg  as  chemist,  and  in  1870  became  General  Manager  of  the 
company,  succeeding  A.  L.  HoUey.  Here  he  successfully  improved  the 
design  and  product  of  the  Bessemer  steel  plant,  bringing  the  production 
up  from  20  to  100  tons  a  day.  In  this  connection,  he  made  many  inven- 
tions, for  few  of  which,  however,  he  has  received  credit.  Among  these 
were  the  slag  hole  in  a  continuous  melting  cupola,  and  the  false  plate  on 
the  converter  bottom,  which  were  universally  adopted.  He  also  proposed 
the  use  of  traveling  cranes  in  steel  works,  and  designed  a  plant  on  this 
basis,  but  was  refused  money  by  his  directors  for  the  installation.  In 
the  design  of  plant  buildings,  he  drew  designs  for  riveted  steel  trusses, 
but  was  unable  to  induce  any  of  the  then  existing  bridge  companies  to 
build  such  designs. 

He  also  made  the  first  steel  for  rails,  hammered  blooms  being  at  first 
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rolled  at  the  Cambria  Iron  Works  and  later  in  rolling  mills  built  by  him 
at  Harrisburg.  He  was  probably  instrumental  in  first  making  BesBemer 
pig  iron  from  native  New  Jersey  and  Pennsylvania  ores.  The  steel 
rails  supplanted  the  wrought-iron  rails  then  in  use,  which  on  certain  cross- 
overs of  the  Pennsylvania  Railroad  at  that  time  required  daily  replacing. 
The  first  steel  rails  lasted  over  two  weeks  under  similar  conditions.  He 
left  the  Pennsylvania  Steel  Co.  in  the  early  part  of  1874. 


John  Barnabd  Swett  Pbabse. 

In  June,  1874,  he  was  appointed  a  Commissioner  and  Secretary  of  the 
Second  Geological  Survey  of  Pennsylvania,  and  was  largely  influential 
in  carrying  on  its  work  until  he  left  the  State.  During  the  Centennial 
Exposition  in  Philadelphia  in  1876,  he  was  on  a  committee  in  charge  of  the 
metallurgical  and  mining  exhibits.  In  1876  he  went  to  the  South  Boston 
Iron  Works  as  General  Manager  and  there  conducted  a  general  foundry 
and  machine  shop  business,  building  cast-iron  guns  and  converted  guns, 
as  well  as  projectiles,  for  the  government.  He  also  built  the  largest  lathe 
of  its  time  for  the  WatervUet  Arsenal  and  a  special  boring  machine,  as  well 
as  steam  pumps  from  the  designs  of  E.  D.  Leavitt  for  the  Calumet  4 
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Hecla  Works.  He  was  especially  interested  in  developing  the  strength  of 
cast  iron,  primarily  for  guns,  in  which  he  was  eminently  successful.  He 
foresaw,  however,  the  superiority  of  the  built-up  steel  gun  now  in  conmion 
use,  but  was  unable  to  interest  his  associates.  He  also  invented  a  breech- 
block mechanism  of  superior  type  for  large  guns. 

In  1883,  his  health  being  impaired  by  overwork,  he  resigned  from  the 
South  Boston  Iron  Works  and  went  with  his  family  to  England,  where  for 
several  years  he  studied  voice  production  under  Emil  Behnke,  and  the 
Tonic-Sol-Fa  syBtem,  taking  a  diploma  at  the  college  in  South  London, 
and  in  this  way  becoming  a  cultivated  musician,  with  a  good  knowledge 
of  harmony.  After  that  time  he  was  not  active  in  any  professional  min- 
ing or  metallurgical  work.  On  his  return  to  the  United  States  in  1888,  he 
settled  in  Roxbury,  Mass.  He  then  became  deeply  interested  in  the  vio- 
lin, and  up  to  the  date  of  his  death  spent  much  time  investigating  the 
theory  of  that  instrument  and  the  materials  and  the  methods  of  its  con- 
struction from  a  scientific  standpoint.  This  work  led  to  the  collection 
of  a  large  library  on  woods,  varnishes,  violins,  acoustics,  and  allied  sub- 
jects, and  to  the  translation  of  several  hundreds  of  foreign  references 
in  French,  German,  Dutch,  Danish,  Latin,  Italian,  Spanish,  and  Russian, 
all  of  which  were  written  out  in  long  hand,  with  comments  thereon.  His 
summers  were  passed  at  his  camp  ^  Canada  on  Lake  Memphremagog. 
In  order  to  understand  the  operation  of  motor  boats,  he  attended  the 
Franklin  Union,  in  Boston,  at  the  age  of  69,  being  the  oldest  pupil,  and 
took  a  regular  course  in  industrial  electricity,  covering  two  years,  and 
received  a  diploma  Mar.  31, 1913. 

At  all  times,  his  brain  was  active  and  interested  in  scientific  subjects. 
Interested  in  education,  he  often  commented  on  the  great  advantages  of 
the  present  day  student  in  scientific  training.  At  Yale,  in  his  day 
science  was  in  its  infancy.  The  teaching  of  physics  and  chemistry  was 
elementary  and  crude,  so  that  practicaUy  all  his  scientific  training  was 
derived  after  graduation.  His  opinions  were  pronounced.  Once  a  con- 
clusion was  reached,  his  will  never  swerved  in  carrying  out  his  purpose. 
In  his  business  relations  he  was  honest  and  just,  but  those  who  tried  to 
impose  on  him  usually  regretted  it. 

Although  a  man  of  high  scientific  attainments,  and  one  of  the  foremost 
metallurgical  experts  of  his  time,  he  published  but  little.  In  1869  he 
published  A  Treatiae  on  Roll  Turning  for  the  Manufacture  of  Iron,  trans- 
lated with  additions  from  the  German  of  P.  Tunner,  which  is  a  standard 
work  even  to-day.  He  also  published  in  1876  A  Concise  History  of  the 
Iron  Manufacture  of  the  American  Colonies  up  to  the  Revolution  and  of 
Pennsylvania  until  the  Present  Time,  and  wrote  the  article  on  steel  and 
iron  for  Johnson's  Cyclopsedia.  His  mind  ran  largely  to  the  working 
out  of  problems,  and  he  was  careless  whether  the  results  obtained  were 
imparted  to  others  or  not.  Although  frequently  asked  by  his  friends  to 
write  the  conclusions  of  his  studies  or  articles  for  publication,  he  preferred 
not  to  do  so,  and  consequently  much  of  his  knowledge  and  research,  both 
m  metjJlurgical  and  scientific  lines,  is  lost.  He  early  recognized  the  sig- 
nificance of  various  constituents  in  the  manufacture  of  steel  and  was 
years  ahead  of  his  time,  not  only  in  the  metallurgical  but  in  the  mechani- 
cal details  desirable  in  the  operation  of  steel  works.  Although  a  member 
of  the  American  Institute  of  Mining  Engineers  from  its  foundation  in 
1872,  and  at  one  time  Vice-President,  he  published  little  except  discus- 
sions.   In  January,  1876,  he  was  elected  a  member  of  the  American  Philo- 
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sophical  Society,  and  in  1871  became  a  member  of  the  Iron  and  Sted 
Institute. 

His  election  as  a  member  of  the  American  Institute  of  Mining  Engi- 
neers took  place  at  the  Philadelphia  meeting  of  Feb.,  1872;  and  amonc 
his  proposers  was  his  friend  (and  on  some  professional  questions  hii 
friendly  antagonist),  Alexander  L.  Holley,  who  had  join^  the  Institute 
at  the  Troy  meeting  in  Nov.,  1871.  At  the  Philadelphia  meeting  referred 
to,  Mr.  Pearse  read  a  very  able  and  important  paper  on  The  Manufacture 
of  Iron  and  Steel  Rails  {Trans.,  i,  162).  This  paper  led  to  a  lively  dis- 
cussion of  the  merits  of  hammering  vs.  rolling  in  the  manufacture  of 
rails,  in  which  Mr.  Pearse  advocated  the  former  and  Mr.  Holley  the 
latter.  Mechanical  and  commercial  conditions  have  since  settled  the 
practice  in  favor  of  rolls,  but  the  force  of  Mr.  Pearse's  arguments  must 
still  be  recognized,  if  the  questions  of  quality  and  structure  be  considered 
apart  from  those  of  rapid,  cheap  and  convenient  production. 

At  later  meetings  of  the  Institute  he  made  brilliant  contributions  t^« 
the  great  discussion  of  the  nature  and  nomenclature  of  iron  and  steel,  for 
which  his  chemical  knowledge  eminently  qualified  him.  These  discus- 
sions are  not  fully  reported  in  the  Transactions,  but  their  substance  is  in 
the  following  list: 

PcLDcrs 

Title  Vol.  Page  Year 

The  Manufacture  of  Iron  and  Steel  Rails i  162  1872 

Improved  Bessemer  Plant iv  149  1S75 

Iron   and   Carbon,    Mechanically   and   Chemically   Con- 
sidered, iv  157  1875 

Remarks 

Remarks  on  Iron  Chimneys iv  109  1875 

On  What  is  Steel iv  147  1875 

On  What  Steel  is iv  338  1876 

After  the  latest  of  these  contributions,  which  was  orally  made  at  the 
Washington  meeting  of  Feb.,  1876,  he  does  not  appear  to  have  taken  an 
active  partjin  the  proceedings  of  thejinstitute. 

He  was  married  on  Nov.  1,  1876,  to  Mary  Langdon  Williams  of 
Roxbury,  Mass.,  who  survives  him,  as  well  as  a  daughter,  Alice  William? 
Pearse,  and  a  son,  Langdon  Pearse,  Division  Engineer  with  the  Sanitary 
District  of  Chicago.  Mr.  Pearse  died  almost  instantaneously  at  his  camp 
at  Georgeville,  P.  Q.,  Canada,  Aug.  24,  1914,  from  heart  disease.  He 
had  not  anticipated  death,  as  his  work  was  planned  for  many  years. 

Of  a  retiring  disposition,  making  few  friends,  he  was  possessed  of  a 
very  keen  analytical  mind,  joined  with  a  strong  body^o  that  he  worked 
continuously  at  a  problem  when  interested.  His  t  tes  were  varied, 
covering  a  wide  range  of  subjects;  horticulture,  naturae  listory,  medicine, 
electricity,  music,  as  well  as  metallurgy  and  the  investigations  of  the  vio- 
Un  and  allied  branches.  While  living  in  London  he  made  a  fine  collection 
of  engravings,  particularly  of  the  time  of  Earlom.  His  mind  ran  to  the 
collecting  not  only  of  books  but  tools  of  various  kinds.  He  keenly  enjoyed 
discussing  his  interests  with  those  friends  qualified  to  do  so,  but  would 
waste  no  time  on  others.  He  not  only  possessed  the  gift  of  handling  men, 
but  was  an  individual  worker  of  great  perseverance  and  ability. 

Langdon  Psarss. 

William  Bleecker  Potter  was  born  Mar.  23, 1846,  at  Schenectady,  N.  Y. 
His  father  was  Rev.  Horatio  Potter,  afterward  the  Protestant  Episcopal 
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Bishop  of  New  York  City.  He  was  educated  at  Columbia  University, 
from  which  he  received  in  1868  the  degree  of  A.B.,  in  1868  that  of  A.M., 
and  in  1869,  upon  graduation  from  the  School  of  Mines,*  that  of  E.M. 
After  some  study  abroad,  he  became  assistant  in  the  geological  depart- 
ment of  his  alma  mater  from  1869  to  1871,  and  was  also  an  assistant  in  the 
Ohio  State  Geological  Survey.  In  1871,  when  the  chair  of  mining  and 
metallurgy  was  established  in  Washington  University,  St.  Louis,  he 
became  its  first  incumbent;  and  he  remained  at  the  head  of  that  depart- 
ment for  22  years.  Upon  his  resignation  in  1893,  it  was  discontinued. 
During  its  highly  creditable  history,  not  a  few  noted  mining  engineers 
and  metallurgists  were  trained  under  Professor  Potter. 

In  addition  to  the  arduous  duties  of  this  position,  he  served  from  1872 
to  1874  as  assistant  in  the  Geological  Survey  of  Missouri;  from  1874  to 
1878  as  Engineer  of  the  Pilot  Knob  Iron  Co. ;  from  1876  to  1878  as  consult- 
ing metallurgist  of  the  Vulcan  Iron  &  Steel  Works;  from  1882  to  1893  as 
Chief  Engineer  of  the  Iron  Mountain  Mining  Co. ;  and  from  1888  to  1893 
as  a  member  of  the  Board  of  the  Missouri  State  Geological  Survey,  in 
which  he  had  been  an  assistant  16  years  before. 

In  1899,  he  founded  the  well-known  St.  Louis  Sampling  &  Testing 
Works,  of  which  he  was  Manager  for  the  rest  of  his  life.  He  was  widely 
known  in  the  mining  districts,  especially  the  lead  and  zinc  districts  of 
Missouri,  as  a  practicing  and  consulting  engineer.  In  1887,  he  was  Presi- 
dent of  the  Engineers'  Club  of  St.  Louis,  and  be  became  also  a  member  of 
the  American  Society  of  Mechanical  Engineers,  and  the  Mining  and 
Metallurgical  Society  of  America,  and  corresponding  member  of  the  New 
York  Academy  of  Science,  the  Wisconsin  Academy  of  Science,  and  the 
National  Geographic  Society. 

Professor  Potter  was  one  of  the  earliest  members  of  the  American 
Institute  of  Mining  Engineers,  which  he  joined  in  1871,  the  first  yesir  of 
its  existence.  At  the  St.  Louis  meetings  of  May,  1874,  and  October,  1886, 
he  was  a  leading  spirit  in  the  reception  and  entertainment  of  visiting 
members,  and  the  organization  of  interesting  and  instructive  professional 
excursions,  as  the  reports  of  those  meetings  in  vols,  iii  and  xv  of  the 
Transactions  show.  From  1878  to  1880  he  was  a  member  of  the  Council, 
and  in  1888  he  was  unanimously  elected  President  of  the  Institute.  The 
following  is  a  list  of  his  contributions  to  the  Transactions: 

The  Character  and  Composition  of  the  Lignite  Coals  of  Colorado, 
vol.  V,  p.  365  (Philadelphia  meeting,  Oct.,  1876). 

A  Present  Need  in  the]  Engineering  Profession,  vol.  xvii,  p.  380 
(Presidential  ^ddress  at  the  Buffalo  meeting,  Oct.,  1888). 

Some  Tb  ghts  Relating  to  the  American  Institute  of  Mining  Engi- 
neers, vol.  x^i,  p.  485  (Presidential  Address  at  the  New  York  meeting, 
Feb.,  1889). 

Remarks  on  Coal  in  Arkansas,  vol.  iii,  p.  33  (St.  Louis  meeting,  May, 
1874). 

Remarks  on  Indicative  Plants,  vol.  xv,  p.  660  (St.  Louis  meeting, 
Oct.,  1886). 

He  died  at  his  residence  in  St.  Louis,  July  14,  1914,  after  only  a  week's 
illness,  leaving  a  widow,  two  sons  and  two  daughters.  Their  sorrow  is 
shared  by  a  multitude  of  personal  friends  and  a  greater  multitude  of 
professional  colleagues,  who  lament  the  loss  of  a  distinguished  and  fruit- 
ful life,  cut  short  in  its  prime.  For,  though  Professor  Potter  was  68 
years  old  when  he  died,  and  had  behind  him  a  long,  active  and  honorable 
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career,  his  departure  must  be  counted  premature,  since  it  deprived  his 
fellows  of  the  treasure  of  his  experience.  It  is  sad  to  see  young  buds 
killed  by  an  eaS-ly  frost,  but  the  loss  of  a  ripening  harvest  is  a  greater  loss. 

R.  W.  R. 

Charles  Arthur  Stewart  joined  the  Institute  in  1910,  and  in  the  four 
years  of  his  active  connection  became  not  only  a  contributor  to  its  publi- 
cations but  a  vigorous  worker  in  the  Spokane  Local  Section,  His  death, 
on  Aug.  29,  at  Westhampton,  Long  Island,  N.  Y.,  deprives  our  number  of 
one  who  could  ill  V®  spared.  Mr.  Stewart  was  bom  in  New  York  City, 
Dec.  1,  1885.  He  was  reared  in  Franklin,  Mass.,  but  when  in  1902  he 
was  prepared  to  enter  Columbia  College,  his  family  moved  to  New  York, 
which  for  six  years  became  his  home.  In  college  his  interest  was  aroused 
in  geology  and  even  before  graduation  he  decided  to  follow  this  branch  of 
science  as  a  teacher.  In  1907  he  was  appointed  assistant  in  mineralogy 
at  Columbia,  and  a  year  later,  on  taking  his  M.  A.,  instructor  in  geology 
at  Cornell,  where  he  remained  three  years,  profiting  greatly  by  luis  asso- 
ciation with  Professor  Ries.  In  1906  he  had  become  a  candidate  for  the 
Ph.  D.  degree  at  his  alma  maters  and  in  1910  finished  his  dissertation  after 
a  careful  study  of  the  Silver  Bell  mine,  a  very  interesting  contact  zone 
in  Arizona.  The  dissertation  was  published  in  the  Transactions,  vol. 
xliii,  240  (1912),  and  at  the  1912  Commencement  at  Columbia  the  Ph.D. 
degree  was  awarded.  In  1911  Mr.  Stewart  began  his  work  of  geological 
instruction  at  the  University  of  Idaho,  and  entered  devotedly  into  the 
life  of  the  institution.  He  passed  his  summers  in  the  field  and  had  accu- 
mulated observations  on  some  little-known  districts  of  northern  Idaho, 
on  which  he  was  at  work  when  his  fatal  illness  developed.  He  had  also 
agitated  the  plan  of  a  State  geological  survey  for  Idaho.  Dr.  Stewart 
wrote  well  and  frequently.  Geology  did  not  done  claim  his  pen.  Papers 
from  him  appear  in  the  Atlantic  Monthly  and  the  Educaiional  Review. 
His  life  was  one  of  great  promise  as  well  as  of  actual  accomplishment. 
Possessed  of  high  ideals  of  service  and  of  a  warmly  affectionate  and 
winning  disposition,  he  was  singularly  qualified  for  his  chosen  calling  of 
teacher  of  science.  In  1913  he  married  Miss  Gertrude  Douglas,  of  New 
York. 

J.  F.  K. 

Publications  of  Charles  Arthur  Stewart 

The  Magnetite  Belts  op  Putnam  Co.,  N.  Y.    School  of  Mines  Quarterly ,  vol.  xxix, 

pp.  283  to  294  (1908). 
Note  on  the  Occurrence  op  Graphite  Schists  in  Tuxedo  Park,  N.  Y.    Economic 

Geology,  vol.  iii,  pp.  536  to  638  (1908). 
The  Definition  op  Marl.    Economic  Geology,  vol.  iv,  pp.  485  to  489  (1909). 
Exploration  op  Contact  Metamorphic  ()re-Deposits.    Engineering  and  Mining 

Journal,  vol  xc,  pp.  613  to  515  (1910). 
Note  on  a  Conglomerate  Dike  in  Arizona.    Science,  N.  S.,  vol.  xxxiii,  pp.  434  to 

435  (1911). 
The  Teaching  op  Economic  Gbologt  to  Mining  Engineers.    Economic  Geology, 

vol.  vi,  pp.  703  to  706  (1912). 
The  Geology  and  Ore  Deposits  op  the  Silverbell  Mining  District,  Arizona. 

Transactions,  American  Instituie  of  Mining  Engineers,  vol.  xliii,  pp.  240  to  290 

(1912). 
The  Formation  op  the  Secondary  Silicate  Zone  in  Contact  Metamorphic 

Deposits.     Economic  Geology,  vol.  viii,  pp.  501  to  607  (1913). 
The  South  Belt  at  Rossland,  B.  C.    Mining  and  Scientific  Press,  vol.  cv,  p.  107 

(1912). 
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The  Extent  op  the  Cobdilleran  Ice-Sheet.    Journal  of  Geology,  vol.  xjd,  pp.  427 

to  430  0913). 
A  Study  in  Applied  Geology.     Mining  and  Scientific  Press,  vol.  cix,  pp.  330  to  332 

(1914). 
Geology  in  the  Examination  op  Prospects.    Mining  and  Scientific  Press,  vol.  civ, 

pp.  622  to  623  (1912). 
The  Microscope  in  Mining  Geology.    Northwestern  Mining  News,  vol.  viii,  pp. 

38  to  40  (1913). 
M AGNATIC  Differentiation  at  Silver  Bell,  Arizona.    Science,  N.  S.,  vol.  xxxvii, 

pp.  338  to  340  (1913). 
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EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 
New  York 

L.  W.  FRANCIS.  Chairman,  WILLARD  S.  MORSE,  y%e»-Chaiirman. 

THOMAS  T.  READ,  S«or«tary,  Woolworth  Bide,  New  York,  N.  Y. 
P.  A.  MOSMAN,  TrMtwwr. 
LOUIS  D.  HUNTOON.  WILLIAM  A.  POMEROY. 

BotAcn 

HENRY  L.  SMYTH,  Chairnum,  ALFRED  C.  LANE.  Vio^haimuu^ 

AUGUSTUS  H.  EUSTIS,  atcrwUKryTnawinr,  181  State  St.,  Boston,  Maaa. 
ROBERT  H.  RICHARDS,  ALBERT  8AX7VEUR. 

Columbia 

F.  A.  THOMSON,  CAoJniuin.  GEORGE  W.  RODDEWIG,  Ftca-OAoihmm. 

LYNDON  K.  ARMSTRONG,  aterttanfTrwuuTtr,  F.  O.  Drawer  2154,  Spokane.  Waab. 
R.  S.  McCAFFERY.  S.  H.  RICHARDSON. 

Puget  Sound 

JOSEPH  DANIELS,  Chairman,  J.  N.  POTT,  YUa-Chmrman, 

I.  F.  LAUCKS,  5«erttorv-3V«<Miir«r,  06  Yealer  Way,  Seattle,  Wash. 
A.  F.  BLAIR.  CHESTER  F.  LEE. 

Southern  Calif  omia 

THEODORE  B.  COMSTOCE,  Chairman.  SEELEY  W.  MUDD.  Vie^^hairman, 

FREDERICK  J.  H.  MERRILL,  jS«cr«tar|h3*r«a«vr«-.  800  Germain  Bide.  Los  Ancdes.  Cal. 
A.  B.  CARPENTER,  C.  COLCOCK  JONES. 

Colorado 

FRANK  BULKLEY.  Chairman, 
C.  LORIMER  COLBURN.  8«er€tarv-Tr0antnr,  614  Ideal  Bide.,  Denver,  Colo. 
S.  A.  lONIDES,  JAMES  M.  McCLAVE,  DAVID  G.  MILLER. 

Montana 

E.  p.  MATHEWSON,  Chairmmt.  FRANK  M.  SMITH,  Vie0^hairman. 

D.  C.  BARP,  5Mr«tarVt  Montana  State  School  of  Mines,  Butte.  Mont. 
JAMES  L.  BRUCE,  OSCAR  ROHN. 

San  Francisco 

&  B.  CHRISTY,  Chmrman.  H.  C.  HOOVER,  Viee^hairman. 

ABBOT  A.  HANKS,  atcrstaryTrtatwrm;  680  Sacramento  St.,  San  Frandseo,  Cal. 

F.  W.  BRADLEY,  C.  W.  MERRILL. 

Pennsylvania  Anthracite  Section 

R.  V.  NORRIS,  Chairman. 
CHARLES  F.  HUBER,  Vice-Chairman,  W.  J.  RICHARDS,  Vics-OAotrmon, 

EDWIN  LUDLOW,  VicB-Chairman,  ARTHUR  H.  STORRS,  Viee^hairman. 

CHARLES  ENZIAN.  SteretanfTrtaaurtr,  U.  S.  Bareau  of  Mines,  Wilkee-Barre,  Pa. 
DOUGLAS  BUNTING,     FRANK  A.  HILL,  ALBERT  B.  JESSUP, 

RUFUS  J.  FOSTER,        JOHN  M.  HUMPHREY.      ROBERT  A.  QUIN. 

St.  Louis 

HERBERT  A.  WHEELER,  Chairman.  FIRMIN  V.  DESLOGE,  Vit»-Chairman. 

WALTER  E.  MoCOURT,  SwretanfTreasurtr,  Washington  Univ.,  St.  Louis,  Mo. 
W.  MALCOLMSON,  R.  A.  BULL.  PHILIP  N.  MOORE. 

Chicago 
ROBERT  W.  HUNT,  Chairman.  J.  A.  EDE,  Vtee-CAotnmm. 

H.  W.  NICHOLS,  8€crUary'Tr9a9ur€r,  Field  Museum  of  Natural  History,  Chieaco,  m. 
F.  K.  COPELAND,  G.  M.  DAVIDSON. 

Utah  Committee 

ROBERT  C.  GEMMELL,  Chairman. 
GEORGE  D.  BLOOD,       LAFAYETTE  HANCHETT,  GEORGE  W.  RITER. 

ERNEST  GAYFORD.        DUNCAN  MaoVICHIB. 
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STANDING  CX)MMITTEES 

benjamin  B.  THAYER.  Chwrman. 
JAMES  F.  KEMP.  CHARLES  F.  RAND. 

ALBERT  R.  LEDOUX.  JOSEPH  W.  RICHARDS. 

Mmbership 
KARL  EILERS.  CAaA^man. 
W.  R.  INQALLS.  JOHN  H.  JANEWAY,  Jb., 

JOHN  D.  IRVING.  SIDNEY  J.  JENNINGS. 

Finance 

CHARLES  F.  RAND,  Chmrmon. 
KARL  EILERS.  W.  L.  SAUNDERS. 

lAhrary 

B.  GYBBON  SPILSBURY.  Chaiifman.^ 
C.  R.  CORNING.«  ALEX,  C.  HUMPHREYS,* 

JOHN  HAYS  HAMMOND.*  BRADLEY  8TOUQHTON. 

Papers  and  PvhlicaHont 
BRADLEY  STOUGHTON,  Chairmam. 


JAMES  F.  KEMP, 
THOMAS  T.  READ, 
LEONARD  S.  AUSTIN, 
JOHN  BIRKINBINE, 
DAVID  W.  BRUNTON, 
QELASIO  CAETANI, 
WILLIAM  CAMPBELL, 
ALBERT  E.  CARLTON, 
ALLAN  JAY  CLARK, 
NATHANIEL  H.  EMMONS, 
JOHN  W.  FINCH. 
CHARLES  H.  FULTON, 
JAMES  QAYLEY. 
CHARLES  W.  QOODALE, 
C.  WILLARD  HAYES, 
HEINRICH  O.  HOFMAN, 
HENRY  M.  HOWE. 


LOUIS  D.  HUNTOON, 
L.  O.  KELLOGG, 
WILLIAM  KELLY. 
JAMES  F.  KEMP, 
CHARLES  KIRCHHOFF. 
CHARLES  K.  LEITH, 
ANTHONY  F.  LUCAS, 
RICHARD  MOLDENKE, 
SEELEY  W.  MUDD. 
HENRY  S.  MUNROE, 
R.  V.  NORRIS, 
EDWARD  W.  PARKER, 
EDWARD  D.  PETERS, 
R08SITER  W.  RAYMOND, 
JOSEPH  W.  RICHARDS, 


JOSEPH  W.  RICHARDS, 

GEORGE  C.  STONE. 

ROBERT  H.  RICHARDS. 
HEINRICH  RIES. 
E.  F.  ROEBER, 
RENO  H.  SALES, 
ALBERT  8AUVEUR 
CHARLES  H.  SHAMEL, 
HENRY  L.  SMYTH, 
GEORGE  C.  STONE, 
RALPH  H.  8WEETSER. 
FELIX  A.  VOGEL, 
ARTHUR  L.  WALKER, 
ROLLA  B.  WATSON, 
HORACE  V.  WINCHELL. 


COMMITTEE    ON    JUNIOR    MEMBERS    AND    AFFILIATED    STUDENT 

SOCIETIES 
HARRY  H.  STOEK,  Chairman. 

Vice-Chaiirmen 
CHARLES  H.  FULTON,  WILLIAM  B.  PHILLIPS. 

FREDERICK  W.  SPERR.  REGIS  CHAUVENET. 

GEORGE  J.  YOUNG, 
WALTER  R.  CRANE,  SscrUary,  Penmylvania  State  College,  State  College,  Pa. 


LUTHER  W.  BAHNEY, 
DARSIE  C.  BARD. 
ROBERT  H.  BRADFORD, 
SAMUEL  W.  BEYER, 
GUY  H.  COX, 
JOSEPH  DANIELS, 
NOAH  F.  DRAKE. 


FRANK  W.  DURKEE, 
HOWARD  ECKFELDT, 
DAVID  M.  FOLSOM. 
R.  R.  GOODRICH, 
CHARLES  E.  LOCKE, 
HENRY  B.  MELLER, 
WALTER  S.  MORLEY. 

COMMITTEE  ON  ARRANGEMENTS,  NEW  YORK  MEETING, 
FEBRUARY,  1916 


CHARLES  J.  NORWOOD, 
GEORGE  S.  RAYMER, 
HEINRICH  RIES. 
HENRY  L.  SMYTH, 
FRANCIS  A.  THOMSON, 
CLINTON  M.  YOUNG. 


L.  D.  HUNTOON, 
J.  H.  JANEWAY. 
WILLARD  S.  MORSE. 


L.  W.  FRANCIS,  ChairmcM. 

BRADLEY  STOUGHTON,  Vie^-Chairman. 


P.  A.  MOSMAN, 
CHARLES  F.  rXnD, 
W.  L.  SAUNDERS, 


E.  M.  8HIPP. 
GEORGE  C.  STONE, 


COMMITTEE  ON  ARRANGEMENTS,  SAN  FRANCISCO  MEETING,  1915 


E.  H.  BENJAMIN, 

F.  W.  BRADLEY, 


C.  W.  MERRILL,  Chairman, 
PROF.  8.  B.  CHRISTY. 
ABBOT  A.  HANKS. 


H.  C.  HOOVER. 
W.  C.  RALSTON. 


1  Until  Feb.,  1916.        >  Until  Feb.,  1916.        *  UntU  Feb.,  1917. 


«  Until  Feb.,  1918. 
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COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 
ADOLPHB  B.  BOBIE,  ChaSmum, 


Vice-Chairmen 
QEORQE  D.  BARRON, 
EDWARD  H.  BENJAMIN, 
FRED  H.  BOSTWICK, 
ELI  T.  CONNER. 
C.  R.  CORNING. 
WALTER  DOUGLAS. 

THOMAS  T.  READ.  Seeretar^,  Woolworth  Bldg..  New  Yoric.  N.  Y. 


PHILIP  N.  MOORE, 
ROBERT  H.  RICHARDS. 
MILNOR  ROBERTS. 
CARL  SCHOLZ, 
WILLIAM  WRAITH, 


JOHN  H.  ALLEN.  R.  C.  OEMMELL. 

RICHARD  M.ATWATER,Jb..  EDWIN  C.  HOLDEN. 


D.  C.  BARD, 
W.  DB  L.  BENEDICT. 
S.  W.  BEYER. 
A,  C.  BOYLE.  Jr., 
FREDERICK  BRADSHAW, 
JOHN  C.  BRANNER, 
J.  E.  BUTLER. 
PALMER  CARTER. 
ALLAN  JAY  CLARK. 
GEO.  M.  COLVOCORE8SE8, 
F.  CRABTRBE, 
GEORGE  C.  CRAWFORD. 
0.  C.  DAVIDSON. 
JAMES  S.  DOUGLAS, 
N.  P.  DRAKE. 
DAMON  D.  DUNKIN, 
HOWARD  N.  EAVENSON. 
HOWARD  ECKPELDT. 


WILLIAM  L.  HONNOLD. 
WALTER  E.  HOPPER, 
REGINALD  E.  HORE. 
TADASHIRO  INOUYE. 
ROYAL  P.  JARVI8. 
C.  COLCOCK  JONES. 
EUGENE  P.  KENNEDY, 
G.  E.  LADD. 
H.  N.  LAWRIE. 
CHESTER  F.  LEE. 
RICHARD  S.  McCAFFERY. 
S.  W.  McCALLIE. 

JAMES  F.  McClelland. 

MILTON  H.  McLBAN. 
C.  G.  MEMMINGER, 
T.  H.  O'BRIEN. 
JAMES  J.  ORMSBEE. 


ROBERT  PEELE, 
CHARLES  P.  PERIN, 
JOHN  B.  PORTER, 
JOS.  HYDE  PRATT, 
FRANK  A.  RAY. 
R.  M.  RAYMOND. 
CHARLES  RHODES.       . 
LbROY  SALSICH. 
HENRY  LLOYD  SMYTH. 
R.  B.  STANFORD. 
STEPHEN  TABER, 
KNOX  TAYLOR, 
JOSEPH  A.  VAN  MATER, 
ARTHUR  L.  WALKER, 
ELTON  W.  WALKER, 
CHO  YANG, 
C.  M.  YOUNG, 
MORRISON  B.  YUNG. 


EDWARD  W.  PARKER, 

COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  MINES 
Electricity  in  Mining  Mine  Explosions  Mine  Subsidence 

WILLIAM  KELLY.  H.  M.  CHANCE,  JAMES  F.  KEMP, 

THOMAS  H.  LEGGETT,  FRANK  HAAS.  R-  V.  N0RRI8. 

SAMUEL  A.  TAYLOR,  CHARLES  K.  LEITH. 


JAMES  F.  KEMP,> 


INSTITUTE  REPRESENTATIVES 
United  Engineering  Society  Trustees 

JOSEPH  STRUTHERS.*  CHARLES  F.  RAND.s 


lAbrcary  Board,  United  Engineering  Society 
C.  R.  CORNING.*  ALEX.  C.  HUMPHREYS."  BRADLEY  8T0UGHT0N. 

JOHN  HAYS  HAMMOND.*        E.  GYBBON  SPILSBURY.i 

John  Fritz  Medal  Board  of  Award 
JAMES  F.  KEMP.t  ALBERT  SAUVEUR." 

CHARLES  KIRCHHOFF.t  E.  GYBBON  SPILSBURY.* 

General  Conference  Committee  of  Engineering  Societies 
BENJAMIN  B.  LAWRENCE,  J.  PARKE  CHANNING. 

Committee  of  Management,  International  Engineering  Congress,  1916 
H.  FOSTER  BAIN.  ROBERT  E.  CRANSTON,  [BENJAMIN  B.  THAYER. 

NEWTON  CLEAVELAND.  WILLIAM  S.  NOYES.  BRADLEY  STOUGHTON. 

Reception  Committee,  Intemationdl  Engineering  Congress,  1015. 
E.  E.  OLCOTT.  GEORGE  P.  KUNZ. 

American  Association  for  the  Advancement  of  Science 
HEINRICH  O.  HOFMAN.  JOHN  D.  IRVING. 

Advisory  Board  of  the  National  Conservation  Congress 
HENRY  S.  DRINKER. 

Joint  Committee  on  Standardization  of  Oraphical  Methods 
JUDD  STEWART. 


>  UatU  Feb..  1916.       *  Uatil  Feb..  1916.       *  Until  Feb..  1917. 


«  UntU  Feb..  1918. 
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TECHNICAL  COMMITTEES 

Iron  and  SUd 

ALBERT  SAUVEUR,  CKoirnum. 

A.  A.  STEVENSON,  V%e&<!hairman. 

HERBERT  M.  B0YL8T0N,  a^arMary.  Abbot  Bide.,  Hanrard  Sq.,  Cambridce.   Mm. 

Sub  Committbbb 

IRON  ORB 
DWIGHT  B.  WOODBRIDGE,  Chairfnan, 


JOHN  BIRKINBINE, 
WILLIAM  KELLY, 


WILLIAM  H.  BLAUVELT, 
AMBROSE  N.  DIEHL, 


GUILLIAEM  AERTSEN, 
FRANK  D.  CARNEY, 


CHARLES  F.  RAND. 
B.  W.  VALLAT, 


FELIX  A.  VOOEL, 
ERNEST  F.  BURCHARD. 


RICHARD  y.  McKAY. 
RICHARD  MOLDENKE. 


BLAST  FURNACES 
H.  A.  BRASSERT,  Chairman. 
JAMES  GAYLBY, 
J.  E.  JOHNSON,  Jb., 

8TEBL  WORKS 
A.  A.  STEVENSON,  Chairman, 
HENRY  D.  HIBBARD,  J.  S.  UNGER. 

C.  F.  W.  RYS,  WILLIAM  R.  WALKER. 


ROLLING  MILLS 
FREDERICK  W.  WOOD,  Chairman. 
CHARLES  A.  BUCK.  ROBERT  W.  HUNT, 

CHEinSTRT,  PHYSICS,  AND  MBTALLOaRAPHY. 
HENRY  M.  HOWE,  E.  GYBBON  SPILSBURY,  WILLIAM  R.  WEBSTER. 

JOSEPH  W.  RICHARDS,  LEONARD  WALDO, 

PrecUnu  and  Ba$e  Metals 

CHARLES  W.  GOODALB,  Chairman. 

L.  D.  RICKETTS,  Vie^^hairman.  ROBERT  C.  GEMMELL,  Vic^^hairman, 

DARSIB  C.  BARD,  Seeretarp,  Montana  State  Sohool  of  Minaa,  Butte,  Mont. 

SUB-CoiiMITTBES 

COPPBB 

E.  P.  MATHEWSON,  Chairman, 


W.  H.  ALDRIDGE, 
W.  LAWRENCE  AUSTIN, 
FREDERICK  I.  CAIRNS, 
DAVID  COLE, 
FRED  W.  DENTON, 


JOHN  C.  GREENWAY, 
LAFAYETTE  HANCHETT, 
WILLIAM  H.  HOWARD, 
FREDERICK  LAIST, 
C.  B.  LAKENAN, 


L.  D.  RICKETTS, 
FOREST  RUTHERFORD, 
ARCHER  E.  WHEELER, 
A.  E.  WIGGIN. 


W.  H.  BLACKBURN 
P.  L.  BOSQUI, 
PHILIP  R.  BRADLEY, 
CHARLES  BUTTERS. 
Q.  H.  CLEVENGER. 


LEONARD  S.  AUSTIN, 
O.  M.  BILHARZ, 
JOHN  S.  CARNAHAN, 
ARTHUR  S.  DWIGHT. 


S.  B.  BRETHERTON. 
GELASIO  CABTANI, 


DAVID  H.  BROWNE, 
SIEGFRIED  FISCHER. 
FRANK  L.  HESS. 


GOLD  AND  SILVER 
F.  LYNWOOD  GARRISON,  Chairman, 


HARRY  S.  DENNY, 
JOHN  V.  N.  DORR, 
FRANKLIN  GUITERMAN, 
JAMES  W.  MALCOLMSON, 
CHARLES  W.  MERRILL, 

LEAD 
H.  O.  HOFMAN,  Chairman, 
KARL  EILERS, 
H.  A.  GUESS, 
SIDNEY  J.  JENNINGS, 
FRANK  M.  SMITH, 

SINC 
GEORGE  C.  STONE,  Chairman, 
W.  MoA.  JOHNSON,  A.  L.  QUENEAU, 

D0R8EY  A.  LYON.  C.  E.  8IEBENTHAL, 

H.  A.  WHEELER. 

MISCELLANEOUS  METALS 
CHARLES  H.  FULTON.  Chairman, 
ROBERT  M.  KEENEY.  JOSEPH  STRUTHERS. 

GEORGE  A.  PACKARD,  WILLIS  R.  WHITNEY. 

WALTER  M.  STEIN, 


WnXBT  G.  MILLER, 
CHARLES  H.  MUNRO, 
HENRY  C.  PERKINS, 
R.  M.  RAYMOND, 
WHITMAN  SYMMES. 


ARTHUR  THACHER, 
BULKLEY  WELLS, 
RUSH  J.  WHITE, 
WILLIAM  WRAITH. 
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Mining  Otology 

JAMES  F.  KEMP,  ChaArmon, 

JOHN  W.  FINCH,  yic»-Chaiwman,  R.  A.  F.  PENROSE,  Js.,  Vio^kairmm. 

L.  C.  GRATON,  8«etMary,  Harvard  Geolosioal  Muaoum,  Cambridge,  Maaa. 


RALPH  ARNOLD, 
H.  FOSTER  BAIN. 
JOHN  M.  BOUTWELL, 
H.  A.  BUEHLER, 
WILLIAM  H.  EMMONS, 
F.  LYNWOOD  GARRISON, 
HENRY  LANDES, 


ALFRED  C.  LANE, 
CHARLES  K.  LEITH, 
R.  V.  NORRIS, 
EZEQUIEL  ORDONEZ, 
WILLIAM  B.  PHILLIPS, 
JOSEPH  H.  PRATT, 
HEINRICH  RIES, 


RENO  H.  SALES, 
WILLIAM  G.  SHARP, 
CHARLES  H.  SMYTH,  Ja., 
HENRY  L.  SMYTH. 
JOSIAH  E.  SPURR. 
M.  E.  WADSWORTH. 


Mining  and  MiUing  Metkoda 

DAVID  W.  BRUNTON,  Chairman, 
C.  HOOVER,  Vie^-Chairman.  F.  W.  DENTON,  Vic&<!kmrmmn, 

SUB-COBfMITTBSS 


ICUnNG 

ROBERT  M.  CATLIN,  Chairman 
J.  F.  McClelland,  Sseretary,  Drawer  C,  Yale  Station,  New  Haven,  Conn. 


TRUMAN  H.  ALDRICH,  Jb. 
R.  B.  BRINSMADE, 
DOUGLAS  BUNTING, 
LOUIS  S.  GATES, 
CHARLES  CATLETT, 
J.  PARKE  CHANNING. 
F.  W.  DENTON, 
STANLEY  A.  EASTON. 
JAMES  R.  FINLAY, 
R.  C.  GEMMELL, 


JOHN  GILLIE, 
JOSEPH  A.  HOLMES, 
WILLIAM  L.  HONNOLD, 
JAMES  E.  JOPLINQ, 
ROBERT  A.  KINZIE. 
THOMAS  H.  LEGGBTT, 
HENRY  LOUIS, 
JAMES  MaoNAUGHTON. 
SEELEY  W.  MUDD, 
W.  J.  OLCOTT, 


JAMES  B.  RISQUE. 

MILNOR  ROBERTS, 

OSCAR  ROHN, 

W.  L.  SAUNDERS. 

H.  L.  SMYTH, 

B.  W.  VALLAT. 

SAMUEL  D.;  WARRINER. 

GEORGE  WEIR, 

DWIGHT  E.  WOODBRIDQE. 


MILLING 

ROBERT  H.  RICHARDS,  Chairman, 
CHARLES  E.  LOCKE,  8^er«Uary,  Maat.  Inatituto  of  Teohnolocy,  Boston.  Meat. 


E.  S.  BARDWELL, 
H.  K.  BURCH, 
CHARLES  BUTTERS, 
GELASIO  CAETANI, 
W.  A.  CALDECOTT, 
J.  M.  CALLOW, 
CHARLES  A.  CHASE, 
DAVID  COLE, 
S.  B.  CHRISTY, 
J.  V.  N.  DORR, 
A.  S.  DWIGHT, 


H.  A.  GUESS, 
H.  C.  HOOVER, 
HENRY  KRUMB. 
FREDERICK  LAIST, 
C.  B.  LAKENAN, 
W.  P.  LASS. 
C.  W.  MERRILL, 
H.  S.  MUNROE, 
E.  H.  NUTTER, 
C.  Q.  PAYNE, 


JOHN  B.  PORTER, 
M.  K.  RODGERS, 
L.  G.  ROWAND. 
E.  A.  C.  SMITH, 
T.  B.  STEARNS, 
W.  G.  SWART,  ^ 
ARTHUR  THACHER, 
G.  D.  VAN  ARSDALE. 
BULKLEY  WELLS. 
A.  E.  WIGGIN. 
G.  H.  WITMAN,  Ja. 


Non-MeUUlic  Minerals 

HEINRICH  RIES,  Chairman. 
GEORGE  F.  KUNZ,  Vic^Chairman,  EDWARD  W.  PARKER,  ViM-CAmrwum. 

J.  C.  BRANNER,  Vice-Chairman.  H.  J.  SEAMAN,  FtM-CAoMrman. 

CHARLES  P.  BERKEY,  84cr€tarv,  Columbia  University.  New  York.  N.  Y. 


S.  W.  BEYER, 
H.  A.  BUEHLER, 
PRANK  W.  DaWOLF, 
R.  D.  GEORGE, 
F.  L.  HESS, 
F.  R.  HEWITT, 


F.  C.  HOOPER, 
C.  COLCOCK  JONES, 
J.  K.  McLANAHAN,  Jb.. 
C.  0.  MEMMINGER. 
BENJAMIN  L.  MILLER, 
WILLET  G.  MILLER, 


J.  D.  PENNOCK. 
W.  C.  PHALEN. 
W.  B.  PHILLIPS. 
J.  H.  PRATT. 
KENNETH  SBAVER. 
T.  L.  WATSON 
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Coal  and  Coke 

H.  M.  CHANCE,  Chairman. 
SAMUEL  D.  WARRINER.  FiM-CAatrman,  SAMUEL  A.  TAYLOR*  FiM-CA«<rman. 

FREDERICK  W.  C.  WHTTE.  Viea-Chainnan, 
ELI  T.  CONNER,  S^artUury,  1316  Btaphen  Ginrd  Bide,  PbfladelpUa,  Pa. 


FRANBUN  BACHE, 
SAMUEL  W.  BEYER, 
WILLIAM  H.  BLAUYELT, 
FRED  M.  CHASE. 
THOMAS  H.  CLAGETT. 


GEORQB  W.  EVANS, 
HENRY  S.  FLEMING, 
FRANK  HAAS, 
FRANK  A.  HILL. 
CHARLES  F.  HUBER, 


CLARENCE  R.  CLAGHORN,  ALBERT  B.  JES8UP, 


EDWARD  H.  COXE. 
JAMES  S.  CUNNINGHAM, 
FRANK  W.  DbWOLF, 
A.  W.  DICKINSON, 
HOWARD  N.  EAVENSON, 
CHARLES  ENZLA.N, 


CHARLES  E.  KREBS, 
W.  W.  KEEPER, 
EDWIN  LUDLOW, 
EVERETT  B.  MOORE, 
MARSHALL  G.  MOORE, 
ROBERT  H.  MORRIS, 

Mining  Law 


R.  V.  NORRIS, 
THOMAS  H.  O'BRIEN, 
WILLIAM  N.  PAGE, 
FLOYD  W.  PARSONS, 
EDWARD  W.  PARKER. 
EDGAR  P.  PETTEBONE, 
ERK8INE  RAMSAY, 
GEORGE  S.  RICE, 
W.  J.  RICHARDS, 
CARL  8CHOLZ. 
HARRY  H.  STOEK, 
MORRIS  WILLIAMS. 


CORNELIUS  F.  KELLEY, 
JOHN  W. 
ALBERT  BURCH, 
J.  MURRAY  CLARK, 
WILL  L.  CLARK, 
C.  LORIMER  COLBURN, 
COURTENAY  DbKALB. 
CHARLES  W.  GOODALE, 


HORACE  V.  WINCHELL,  Chairman, 

Vie^-Chairman.  CURTIS  H.  LINDLEY,  Vie^Chairman. 

FINCH,  Sterttary,  730  Symes  Bldg.,  Denrer,  Colo. 

FREDERICK  T.  GREENE,        WILLIAM  SCALLON, 
JOSEPH  A.  HOLMES,  C.  H.  8HAMEL. 

EDWIN  O.  HOLTER,  FRANK  L.  8IZER, 

EDMUND  B.  KIRBY,  JOEL  F.  VAILE, 

MARK  L.  REQUA.  WALTER  H.  WILEY. 

GEORGE  W.  RITER, 

Petrcieum  and  Oa$ 


ANTHONY  F.  LUCAS,  Chairman. 
WILLIAM  N.  BEST.  Vie0'Chairman.  DAVID  T.  DAY,  Vic^-Chairman. 

WILLIAM  B.  PHILLIPS.  FtM-CAotrmam  MARK  L.  REQUA.  Vice-Chairman, 

LEONARD  WALDO,  Sserttary,  49  WaU  St.,  New  York,  N.  Y. 


RALPH  ARNOLD. 
FREDERICK  G.  CLAPP, 
EUGENE  COSTE, 
EDWIN  T.  DUMBLE, 
JOHN  R.  EDWARDS, 


FRANCIS  O.  BLACKWELL, 
CHARLES  W.  GOODALE, 
MAX  HEBGEN. 


C.  WILLARD  HAYES, 
PHILIP    W.  HENRY, 
HANS  VON  HOEFER. 
ISAAC  N.  KNAPP, 
EZEQUIEL  ORDONEZ. 


FRANCIS  C.  PHILLIPS, 
WALTER  O.  SNELLING, 
WILLIAM  L.  WATTS. 
H.  A.  WHEELER, 
WILLIAM  A.  WILLIAMS. 


.  The  Use  of  EUdricUy  in  Mines 

WILLIAM  KELLY,  Chairman, 
JOHN  LANGTON,  STEPHEN  H.  PITKIN, 

THOMAS  H.  LEGGETT,  DAVID  B.  RUSHMORE. 

FREDERICK  W.  O'NEIL,         SAMUEL  A.  TAYLOR. 
GEORGE  R.  WOOD. 


Safety  and  Sanilaiion 

ARTHUR  WILLIAMS,  Chairman, 
MALTBY  SHIPP,  Secrttary,  2  Rector  St.,  New  York.  N.  Y. 


W.  H.  ALDRIDGB, 
GEORGE  D.  BARRON, 
WILLIAM  L.  BELL, 
JAMES  L.  BRUCE, 
C.  F.  CHANDLER. 
WILLIAM  L.  CLARK. 
GEORGE  C.  CRAWFORD. 
R.  W.  DEACON, 
WALTER  DOUGLAS. 
THEODORE  DWIGHT. 
HOWARD  N.  EAVENSON. 


CHARLES  F.  FAIRBAIRN. 
EDGAR  C.  FELTON, 
C.  W.  GOODALE, 
JOSEPH  A.  HOLMES. 
SIDNEY  J.  JENNINGS, 
ROBERT  A.  KINZIE. 
JOHN  LANGTON. 
SOLOMON  LEFBVRE. 
JAMES  MacNAUGHTON. 
W.  W.  MEIN, 
DWIGHT  E.  WOODBRIDGE. 


C.  P.  NEILL, 
R.  V.  NORRIS, 
WILLIAM  J.  OLCOTT, 
J.  B.  RISQUE, 
WILLIAM  D.  SARGENT, 
FRANCIS  P.  SINN, 
WILLIAM  D,  THORNTON, 
W.  R.  WALKER, 
C.  W.  WHITLY, 
H.  A.  J.  WILKEN8, 
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OFFICERS  AND  DIRECTORS 
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BENJAMIN  B.  THAYER,* New  York,  N.  Y. 

Past  Pbesidbnts 

JAMES  F.  KEMP,! Nbw  York,  N.  Y. 

CHARLES  F.  RAND,« Nbw  York,  N.  Y. 

First  Vice-President 
SIDNEY  J.  JENNINGS,* New  York,  N.  Y. 

TRBABTmSR 

GEORGE  C.  STONE,* New  York,  N.  Y. 

Secretary  EiiERrrns 
R088ITER  W.  RAYMOND,     New  York,  N.  Y. 

Secretary 
BRADLEY  STOUGHTON, New  York,  N.  Y. 

Vice-Presidents 

KARL  EILERS,* District  0 New  York,  N.  Y, 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
New  York  meeting.  February,  1916,  when  an  abstraot  of  the  paper  will  be  read.  If  this  is  impossible, 
then  disousdon  in  writinf  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Streetj  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1916.  Any  discussion 
offered  tnereafter  should  preferably  be  in  the  form  of  a  new  paper. 


An  Improved  Form  of  Cam  for  Stamp  Mills 

BT  ARTHUR  B.  FOOTE,  GRASS  Y ALLEY,  CAL. 
(New  York  Meeting,  February,  1916) 

The  cams  at  present  universally  used  in  stamp  mills  lift  the  tap- 
pets with  an  involute  form  of  curve,  to  which  the  surface  of  the  tappet 
is  always  tangent;  moreover,  the  line  of  contact  between  tappet  and  cam, 
if  produced,  would  pass  through  the  center  of  the  stem.  This  is  no 
doubt  a  desirable  feature,  but  the  writer  has  long  believed  that  it  would 
be  much  more  desirable  if  the  cam  were  to  pick  up  the  stamp  without 
shock,  and  gradually  increase  the  upward  velocity  of  the  stamp  through- 
out its  upward  movement.  The  involute  form  of  cam  attempts  to  impart 
instantly  a  considerable  upward  velocity  to  the  stamp,  starting  it  from  a 
state  of  rest,  and  the  result  is  a  destructive  blow,  a  great  deal  of  noise,  and 
much  wear  and  vibration. 

The  writer  has  developed  a  form  of  cam  which  will  lift  the  stamp 
with  a  motion  similar  to  that  of  the  piston  of  an  engine  between  the  end 
and  middle  of  its  stroke;  in  other  words,  harmonic  motion,  from  the 
point  of  zero  to  maximum  velocity.  The  curve  will  give  this  ideal 
motion  only  when  the  stamp  is  set  for  the  exact  drop  for  which  the  cam 
was  designed,  but  the  improved  cam  will  not  be  as  bad  as  the  involute 
cam  until  the  drop  is  reduced  one-half.  In  other  words,  if  a  cam  is 
designed  for  a  6-in.  drop,  it  will  be  some  improvement  over  the  usual 
form  of  cam  until  the  drop  is  only  3  in. 

Any  cam,  whatever  its  form,  must  of  course  lift  the  stamp  in  the 
same  number  of  degrees  of  revolution;  therefore,  with  this  new  form, 
since  the  stamp  starts  more  slowly  on  its  upward  course,  it  must  end  up 
by  going  faster,  the  average  speed  being  the  same  as  with  the  invo- 
lute cam.  The  stamp,  after  it  is  no  longer  in  contact  with  the  cam,  keeps 
on  going  up  a  certain  distance,  which  is  easily  calculated.  It  is  there- 
fore possible  to  hang  up  a  stamp  without  a  cam  stick,  if  the  fingers  are 
not  more  than  J  in.  longer  than  necessary  to  hold  the  tappet  above 
the  cam. 

With  this  design  of  cam  the  surface  of  the  tappet  is  not  tangent  to 
the  surface  of  the  cam  throughout  the  lift.  The  possible  consequences 
of  this  were  studied  with  a  full-size  model,  and  did  not  seem  serious,  as 
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the  engagement  between  the  surfaces  was  an  easy  sliding  motion,  in- 
stead of  a  blow.  If  the  drop  is  shortened,  the  blow  becomes  more  and 
more  pronounced,  but  the  surfaces  also  become  more  and  more  nearly 
tangent. 

Five  cams  of  this  new  design  have  been  running  in  one  of  the  mills  of 
the  North  Star  Mines  Co.  now  for  over  a  month,  fulfilling  every  expecta- 
tion of^the  writer.  Holding  the  hand  on  the  tappet  it  is  impossible  to 
feel  the  cam  strike  the  tappet,  although  the  mill  is  running  107  drops 
per  minute. 


FiQ.  1. — Improved  Form  of  Cam  fob  Stamp  Mii/LS. 

Fig.  1  shows  the  method  of  laying  oflF  the  curve  of  the  cam  which 
will^give  approximately  harmonic  motion  to  the  stamp.  Spaces  s  ai, 
ai  6i,  6i  ci,''etc.,  represent  the  distances  traversed  by  the  stem  in  equal 
intervals  of  time. 

The  writer  wishes  to  acknowledge  valuable  assistance  rendered  by 
Charles  W.  Taylor,  President  of  the  Taylor  Foundry  &  Engineering 
Co.,  of  Grass  Valley. 
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A  Study  of  the  Chloridizing  Roast  and  Its  Application  to  the  Separation 

of  Copper  from  Nickel 

BY  BOYD  DUDIiBY,  JR.,*  STATE  COLLBQB,  PA. 
(New  York  Meeting,  February,  1916) 

The  material  presented  in  this  paper  is  an  abstract  of  a  thesis  sub- 
mitted by  the  writer  to  the  faculty  of  the  Massachusetts  Institute  of 
Technology,  as  part  requirement  for  the  degree  of  Master  of  Science. 
The  investigation  was  undertaken  at  the  suggestion  of  Prof.  H.  O. 
Hofman,  and  it  was  conducted,  under  his  direction,  in  the  laboratories 
of  the  Mining  Department  of  the  Institute. 

The  purpose  of  the  work  was,  first,  to  study  some  of  the  reactions 
that  have  been  considered  as  a  part  of  the  mechanism  of  the  chloridiz- 
ing roast,  and  second,  to  study  the  conditions  under  which  nickel  oxide 
and  copper  oxide  may  be  chloridized.  While  the  production  of  chlorine 
gas  by  various  reactions  during  the  chloridizing  roast  may  not  be  pri- 
marily useful  in  the  chloridation  of  metal  oxides  and  compounds,  it 
nevertheless  serves  a  useful  purpose  in  preventing  the  dissociation  and 
decomposition  of  chlorides  once  they  have  been  formed;  for  example, 
the  dissociation  of  cupric  chloride  into  cuprous  chloride  and  chlorine. 
Therefore  it  was  thought  that  a  study  of  some  chlorine-producing  re- 
actions would  prove  of  interest,  and  the  first  series  of  experiments  dealt 
with  this  phase  of  the  subject.  The  object  of  the  latter  part  of  the 
work  was  to  show  the  possibility  of  treating  heavy  sulphide  ores,  such  as 
those  of  Sudbury,  Ontario,  containing  much  iron  and  small  amounts  of 
copper  and  nickel,  by  chloridizing  and  removing  the  copper,  leaving  an 
iron-nickel  oxide  product  suitable  for  smelting  in  the  blast  furnace  for 
nickel-bearing  pig  iron.  The  chloridizing  of  the  copper  would,  of  course, 
be  preceded  by  a  roast  for  the  removal  of  sulphur,  the  sulphur  oxides  be- 
ing available  for  the  manufacture  of  sulphuric  acid,  if  under  the  local 
conditions  this  product  would  be  of  commercial  value. 

Reactions  of  the  Chloridizing  Roast 

Reaction  of  Sodium  Chloride,  Sulphur  Trioxide,  and  Oxygen. — The 
first  reaction  studied  was  that  involving  the  production  of  chlorine 

*Non -member.  ^  x 
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from  sodium  chloride  by  the  action  upon  it  of  sulphur  trioxide  and  at- 
mospheric oxygen.  This  reaction  may  be  expressed  by  the  equation, 
4  NaCl  +  2  SOs  +  0»  =  2  NajSO*  +  2  Clj.  In  the  roasting  furnace 
the  sulphur  trioxide  is  derived  from  the  decomposition  of  sulphates  that 
have  been  formed  in  the  roasting  ore,  and  the  oxygen  is  supplied  by  the 
air  in  contact  with  the  roast. 

The  action  of  sulphur  trioxide  alone  upon  sodium  chloride  has  been 
studied  by  E.  Kothny,^  who  concludes  as  foUows:  By  treating  sodium 


UOvoltB 


Swltoh 


L.. 


Lampbank(^    0    0    Q    Q    Q    Q  /swltoh 


Bbeoetat 


1.  Cylindrical  shell  of  galvanized  iroD. 

2.  End  of  shell  of  galvanized  iron. 

3.  Asbestos  board  1/4  in.  thick. 

4.  Magnesia. 

5.  Porcelain  tube  about  which  resistance  tape  is  wound.    Internal  diameter  1  iq. 

6.  Resistance  winding  of  '^Excello"  alloy  tape,  5.3  mm.  wide  by  0.4  mm.  thick. 

7.  Asbestos  board. 

8.  Binding  posts. 

9.  Wood  board. 

10.  Glazed  porcelain  combustion  tube.    Internal  diameter  0.6  in. 

11.  Asbestos  packing. 

12.  Glass  T  through  which  pyrometer  tube  and  air  enter  10. 

13.  Silica  pyrometer  tube. 

14.  Boat  containing  material  to  be  heated. 

Fig.  1. — Crobs-Sbction  of  Electric  Rbbibtancb  Furnacb. 


chloride  with  sulphur  trioxide  there  probably  results  NaClSOs,  which 
at  ordinary  temperatures  is  stable  only  in  an  atmosphere  of  sulphur  tri- 
oxide, and  decomposes  at  150**  C.  with  the  evolution  of  sulphur  dioxide 
and  chlorine.  When  the  sulphur  trioxide  is  diluted  with  air  or  carbon 
monoxide  the  salt  decomposes  at  ordinary  temperatures.  At  a  red  heat 
sulphur  trioxide  and  sodium  choride  react  and  give  sodium  sulphate, 
sulphur  dioxide,  chlorine,  and  probably  sodium  pyroHSulphate. 


^  Berg  und  HtUtenmdnniachea  Jahrbuch,  vol.  Iviii,  p.  350  (1910). 
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As  was  stated  above,  the  experiments  herein  described  involved 
the  action  of  a  mixture  of  sulphur  trioxide  and  air  upon  sodium  chloride; 
they  therefore  differ  from  those  of  Kothny,  and  more  nearly  approxi- 
mate the  conditions  obtaining  on  the  hearth  of  a  roasting  furnace. 
In  these  experiments  it  was  not  proved  that  the  atmospheric  oxygen 
actually  enters  into  the  reaction,  nor  was  any  attempt  made  to  deter- 
mine the  equilibrium  conditions'^of  the'^reaction.  It  was  considered 
sufficient  to  show  that  dry  sulphur  trioxide  mixed  with  air  reacts  with 


16    )  Alr-H     1 

|rOoimected  to  suction  pump 

1.  Wash  bottle  oontaining  potassium  pennanganate  solution. 

2.  Wash  bottle  contaming  potassiiim  n^droxide  solution. 

3.  Wash  bottle  containing  sulphuric  acid. 

4.  Drying  tower  oontaining  phosphorus  pentoxide. 

5.  XJ-tube  oontaining  sulphur  trioxide  and  phosphorus  pentoxide. 

6.  7.  8.  Glass  stopcocks. 

0.  Plug  of  litharge-gly^cerine  cement. 

10.  Porcelain  oonibustion  tube. 

11.  Porcelain  boat  containing  sodium  chloride. 

12.  Silica  pyrometer  tube. 

13.  Rubber  stopper. 

14.  Glass  T  through  which  pyrometer  tube  and  gases  pass. 
15  and  16.  Glass  railroad  tuoes  for  absorbing  chlorine. 

Fig.  2. — ^Apparatus   fob   Sbcurinq    Dry   Mdctxtre   and  Introducing  It  into 

Furnace. 

sodium  chloride  to  produce  chlorine,  and  to  show  the  effect  of  temper- 
ature upon  the  rate  of  reaction. 

Method  of  Conducting  the  Experiments. — In  the  first  experiments 
sodium  chloride  contained  in  a  porcelain  boat  was  heated  in  an  electric 
tube  furnace,  through  which  was  passed  the  mixture  of  sulphur  trioxide 
and  air.  The  rates  at  which  the  chlorine  was  evolved  at  different  tem- 
peratures were  determined  by  passing  the  gases  through  a  solution  of 
silver  nitrate,  and  weighing  the  silver  chloride  precipitated  in  a  known 
time. 

Before  placing  the  salt  in  the  furnace  it  was  heated  to  a  temperature 
slightly  below  its  melting  point,  after  which  the  lumps  fopaed  diuing 
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the  ignition  were  broken  in  an  agate  mortar.  In  this  way  decrepita- 
tion in  the  furnace,  with  the  consequent  loss  of  material  from  the  boat, 
was  avoided.  The  salt  was  not  pulverized,  but  was  left  coarse  in  order 
to  expose  as  great  a  surface  to  the  action  of  the  gases  as  possible. 

The  details  of  the  construction  of  the  furnace  and  its  electrical 
connections  are  shown  in  Fig.  1. 

It  was  important  to  secure  a  mixture  of  sulphur  trioxide  and  air 
free  from  water,  because,  as  a  result  of  the  presence  of  water  vapor, 
hydrochloric  acid  would  be  produced,  and  this  would  mask  the  tests 
for  chlorine  that  could  be  readily  made  under  the  conditions  of  the  ex- 
periments. The  method  of  securing  the  dry  mixture  and  of  introduc- 
ing it  into  the  furnace  is  shown  in  Fig.  2.     The  train  of  apparatus  was 


Air+SOa 


Glass  wool- 


2^y^'^ 


Pho6phorua__^ 
pentoxide 


trioxide 


Fig.  3. — Sulphur  Trioxide  Container,  6  op  Fig,  2. 

assembled  as  shown,  the  air  being  drawn  through  a  series  of  wash  bottles 
containing  potassium  permanganate  solution,  potassium  hydroxide  solu- 
tion, and  concentrated  sulphuric  acid,  then  through  a  10-in.  glass 
absorption  tower  containing  phosphorus  pentoxide,  in  the  order  men- 
tioned. From  the  drying  tower  the  air  could  be  admitted  directly  into 
the  furnace  tube  through  the  stopcock  (8) ;  in  this  manner  the  tube  and 
its  contents  could  be  thoroughly  dried.  By  closing  (8)  and  opening  (6) 
and  (7)  the  air  could  be  drawn  through  the  sulphur  trioxide  container, 
which  was  a  U-tube  containing  solid  sulphur  trioxide,  phosphorus  pent- 
oxide, and  glass  wool  arranged  as  shown  in  Fig.  3.  All  of  the  connec- 
tions between  the  sulphur  trioxide  container  and  the  furnace  were  made 
by  blowing  glass  tubes  together,  thus  avoiding  the  use  of  rubber  or  other 
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connectors  that  might  be  attacked  by  the  gas.  The  stopcocks  were 
lubricated  with  syrupy  phosphoric  acid.  No  attempt  was  made  to 
regulate  closely  the  composition  of  the  gas  mixture  entering  the  furnace. 
The  air  passing  through  the  U-tube,  mixed  with  the  sulphur  trioxide  vapor 
and  carried  it  away,  the  concentration  of  the  mixture  depending  upon 
the  vapor  tension  of  the  sulphur  trioxide  and  the  rate  of  flow  of  the  air. 
Since  the  room  temperature,  which  governs  the  vapor  tension  of  the 
sulphur  trioxide,  and  the  rate  of  flow  of  the  air  were  both  practically 
constant  in  all  cases,  it  is  safe  to  assume  that  the  composition  of  the  gas 
mixture  was  practically  the  same  in  all  of  the  experiments. 

Upon  leaving  the  furnace  tube  the  gases  passed  through  two  rail- 
road tubes  containing  a  solution  of  silver  nitrate,  made  by  dissolv- 
ing 3.5  g.  of  the  salt  in  250  cc.  of  nitric  acid  and  diluting  to  500  cc. 
with  distilled  water.  It  was  found  that  this  solution  would  absorb 
chlorine,  forming  a  precipitate  of  silver  chloride,  without  allowing  the 
sulphur  trioxide  and  dioxide  present  in  the  furnace  gases  to  interfere 
by  precipitating  the  silver  as  sulphate  and  sulphite,  respectively. 

Preliminary  experiments  with  this  apparatus,  conducted  by  in- 
troducing the  boat  of  salt  into  the  cold  furnace  and  then  slowly  rais- 
ing the  temperature  while  the  gas  mixture  was  being  passed  through 
the  tube  and  into  the  absorption  tubes,  showed  that  the  evolution  of 
chlorine  began  with  sufficient  rapidity  to  be  detected  by  the  indicator 
at  about  500®  C.  When  the  temperature  was  less  than  this  the  in- 
dicator showed  no  cloudiness. 

In  order  to  determine  the  effect  of  temperature  on  the  rate  of  the 
reaction,  a  number  of  tests  were  made  in  which  the  temperature  was 
the  only  variable.  A  porcelain  boat  containing  1  g.  of  sodium  chloride 
that  had  been  previously  ignited  was  inserted  into  the  hot  furnace 
and  allowed  to  come  to  furnace  temperature,  a  current  of  dry  air  be- 
'  ing  meanwhile  passed  through  the  tube.  At  the  end  of  about  10  min. 
the  mixture  of  sulphur  trioxide  and  air  was  admitted  to  the  tube  and  was 
allowed  to  pass  for  15  min.,  at  the  end  of  which  time  dry*air  was  again 
passed  for  10  min.  The  absorption  tubes  were  then  disconnected  from 
the  furnace  tube  and  the  boat  was  removed.  The  silver  chloride  that 
had  been  precipitated  in  the  absorption  tubes  was  removed,  filtered 
from  the  solution,  washed,  ignited,  and  weighed.  The  salt  was  re- 
moved from  the  boat,  and  dissolved  in  water  acidified  with  hydrochloric 
acid.  After  heating  the  solution  to  boiling  an  excess  of  barium  chloride 
solution  was  added,  and,  after  standing,  the  resulting  barium  sulphate 
was  filtered  from  the  solution  and  weighed  The  results  of  this  series  of 
experiments  are  shown  in  the  following  table: 
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Temperature, 
iC 


AgCl, 
Gram 


BaS04, 
Gram 


533     . 

trace 

trace 

597 

0.0020 

0.0048 

700 

0.0136 

0.0107 

710 

0.0083 

0.0087 

758 

0.0256 

0.0234 

769 

0.0488 

0.0554 

4 

5 

6 

SO,, 
Gram 

CI, 
Gram 

CI  (calc), 
Gram 

0.0016 
0.0037 
0.0030 
0.0080 
0.0190 

0.0005 
0.0034 
0.0020 
0.0063 
0.0137 

0.0014 
0.0032 
0.0026 
0.0070 
0.0120 

In  the  table  above  column  No.  1  shows  the  temperature  to  which  the 
salt  was  heated.  No.  2  shows  the  amounts  of  silver  chloride  found  in  the 
absorption  tube  at  the  end  of  16  min.  No.  3  shows  the  amounts  of 
barium  sulphate  obtained  by  the  addition  of  barium  chloride  to  the 
contents  of  the  boat.  No.  4  shows  the  amounts  of  sulphur  trioside  con- 
tained in  the  barium  sulphate  precipitates.  No.  5  shows  the  amoimts  of 
chlorine  contained  in  the  silver  chloride  precipitates.  No.  6  shows 
the  amounts  of  chlorine  that  correspond  with  the  amounts  of  sulphur  tri- 
oxide  found  combined  with  the  salt,  if  one  molecule  of  chlorine  is  lib- 
erated by  the  combination  of  one  molecule  of  sulphur  trioxide  with  the 
salt. 

From  the  results  of  these  experiments  it  appears  that  the  rate  of 
the  reaction  becomes  appreciable  at  about  500^  C.  and  increases  rapidly 
with  increasing  temperature.  The  agreement  between  the  amounts 
of  chlorine  found  and  those,  calculated  from  the  amounts  of  sulphate 
found,  while  not  close,  is  reasonably  good  considering  the  difSculties 
of  manipulation  and  the  small  amounts  of  material  worked  with.  The 
fact  that  there  is  no  consistent  variation  between  these  quantities  tends 
to  indicate  that  each  molecule  of  sulphur  trioxide  that  combines  with 
the  salt  liberates  one  molecule  of  chlorine.  However,  a  more  detailed 
study  of  the  reaction  would  be  necessary  in  order  to  fully  establish  this 
fact.  From  these  results  it  also  appears  that  the  reaction  is  a  com- 
paratively slow  one  even  at  temperatures  near  the  melting  point  of  the 
salt;  but  since  this  apparent  slowness  could  be  attributed  to  a  failure 
of  the  gases  to  come  into  intimate  contact  with  the  salt,  it  was  decided 
to  determine  the  effect  of  a  more  thorough  contact  upon  the  rate  of 
chlorine  evolution.  In  the  series  of  experiments  just  described  the  high- 
est temperature  attained  was  769°  C;  the  effect  of  higher  temperature 
was  not  investigated,  because  it  was  not  desired  to  melt  the  salt.  At 
temperatures  below  500°  C.  the  indicators  always  remained  clear,  and 
no  tests  for  sulphate  could  be  obtained  from  the  salt  in  the  boat  after  the 
heating. 
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1.  Shell  of  furnace  consisting  of  quart  tin  can. 

2.  Fire  clay  cylinder  with  spiral  thread  cut  on  outside. 

3.  Resistance  wire,  German  silver,  wound  in  spiral  on  2. 

4.  Block  of  asbestos  board  to  support  heating  cylinder. 

5.  6.  Asbestos  board. 

7.  Magnesia  packing. 

8.  Asbestos  board  base. 

9.  Binding  post  for  electrical  connection. 

10.  Clay  pipe-stem  insulator  for  resistance  wire. 

11.  Silica  tube  sealed  at  lower  end. 

12.  Silica  tube  for  delivering  gases  to  bottom  of  11. 

13.  Pyrometer  tube  of  silica. 

14.  Glass  tube  for  delivering  gases  from  11  to  absorption  tube. 

15.  Plug  of  glass  wool  in  14  to  prevent  salt  from  being  carried  mechanically  into 
absorption  tube. 

16.  Position  of  sodium  chloride  in  silica  tube  11. 

Fig.  4. — Smaller  Electbic  Furnacb. 
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The  effect  of  a  more  intimate  contact  between  the  sulphur  trioxide- 
air  mixture  and  the  salt  was  studied  by  constructing  a  small  fur- 
nace and^substituting  it  in  the  place  of  the  larger  tube  furnace  in  the  train 
of  apparatus  shown  in  Fig.  2.  In  the  small  furnace  the  salt  was  contained 
in  the  closed  end  of  a  silica  tube,  and  through  the  column  of  salt  passed 
the  silica  pryometer  tube  and  a  silica  tube  for  the  delivery  of  the  gas 
mixture.  The  details  of  the  arrangement  are  shown  in  Fig.  4.  It  is 
apparent  that  in  this  furnace  the  gas  mixture  was  brought  into  much 
more  thorough  contact  with  the  salt  than  in  the  one  previously  used. 
With  5  g.  of  finely  pulverized  sodium  chloride  in  the  tube  the  sulphur 
trioxide  and  air  mixture  was  passed  for  15  min.,  while  the  furnace  tem- 
perature was  held  at  593°  C.  During  this  time  0.1248  g.  of  silver  chloride 
was  precipitated  in  the  absorption  tube,  corresponding  to  0.0308  g.  of 
chlorine.  A  comparison  of  the  amount  of  chlorine  obtained  in  this 
experiment  with  the  amount  obtained  from  the  tube  furnace  in  the 
same  time  and  at  practically  the  same  temperature  (see  the  preceding 
table)  shows,  as  might  be  expected,  that  better  contact  between  the 
reacting  substances  greatly  increases  the  rate  of  chlorine  evolution. 

Since  the  rate  of  chlorine  production  in  the  small  furnace  was  con- 
siderably greater  than  in  the  tube  furnace,  further  tests  were  made  to 
determine  the  minimum  temperature  at  which  chlorine  will  be  pro- 
duced by  the  action  of  sulphur  trioxide  and  air  upon  sodium  chloride. 
About  5  g.  of  the  pulverized  salt  was  placed  in  the  furnace  tube,  and, 
with  the  gas  mixture  passing,  the  temperature  of  the  furnace  was  grad- 
ually raised.  The  indicator  became  turbid  at  a  furnace  temperature  of 
505°  C.  The  furnace  was  then  allowed  to  cool,  fresh  indicator  was 
provided,  and  the  heating^  was  repeated.  In  three  successive  tests 
of  this  kind  the  first  turbidity  was  noticed  in  the  indicator  when  the 
furnace  temperature  was  between  500°  and  505°.  It  is  therefore  con- 
cluded that  chlorine  is  first  evolved  at  a  sufficient  rate  to  be  detected 
by  the  methods  employed  at  a  temperature  of  500°  C.  It  seems  quite 
possible  that  by  mixing  the  salt  with  other  materials,  as  it  is  mixed  in 
the  roasting  furnace,  catalytic  effects  might  be  produced,  which  would 
increase  the  velocity  over  that  which  was  observed  with  the  pure 
material.     This  point  was  not  studied. 

Reaction  of  Sodium  Chloride,  Silica,  and  Oxygen, — ^The  second  re- 
action studied  was  that  involving  the  combination  of  sodium  chloride, 
silica,  and  oxygen  to  form  sodium  silicate  and  chlorine  according  to  the 
equation,  4  NaCl  +  2  Si02  +  O2  =  2  NajSiOa  +  2  CU.  It  has  been 
supposed  that  this  reaction  takes  place  in  the  chloridizing  roast,  but 
experiments  performed  as  described  below  failed  to  show  any  such 
reaction  even  up  to  the  temperature  at  which  the  salt  melts.  The 
tests  were  made  with  a  mixture  of  pure  sodium  chloride  and  pure  silica 
in  the  proportion  of  1.71  g.  of  the  former  to  1  g.  of  the  latter.     These 
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proportions  would  yield  a  silicate  of  the  formula  NaiSiOs.  The  thor- 
oughly ground  mixture  was  placed  in  the  silica  tube  of  the  small  furnace, 
and  the  pyrometer  tube  and  the  tube  for  the  delivery  of  air  were  ar- 
ranged as  shown  in  Fig.  4.  Starting  with  the  furnace  cold  and  heating 
it  slowly,  air  from  the  drying  train  was  drawn  through  the  salt  and  silica 
mixture  and  then  through  the  absorption  bulb.  Up  to  the  temperature 
at  which  the  salt  melted,  800**  C,  the  indicator  remained  perfectly  cleai-. 
Thinking  that  the  presence  of  water  vapor  would  aid  in  the  decomposi- 
tion of  the  salt  with  the  formation  of  hydrochloric  acid,  a  second  similar 
test  was  made  in  which  the  air  was  passed  through  a  wash  bottle  con- 
taining distilled  water,  before  it  was  admitted  to  the  furnace.  The 
result  was  the  same  as  before;  up  to  the  temperature  at  which  the  salt 
melted  no  chlorine  or  hydrochloric  acid  was  detected  in  the  indicator. 
Therefore  it  is  concluded  that  at  temperatures  below  its  melting  point 
salt  is  not  decomposed  to  an  appreciable  degree  by  the  combined  action 
of  silica  and  atmospheric  oxygen,  either  in  the  absence  of  water  vapor  or  in 
its  presence. 

The  Chloridation  op  Copper  Oxide  and  Nickel  Oxide 

The  study  of  the  chloridation  of  the  oxides  of  nickel  and  copper  was 
undertaken  in  order  to  determine  the  conditions  most  favorable  for  the 
chloridation  of  each,  and  thus  to  demonstrate  whether  or  not  a  separa- 
tion of  these  metals  can  be  effected  by  the  use  of  the  chloridizing  roast. 
In  particular  would  such  a  process  be  useful  in  treating  heavy  pyritic 
ores  containing  copper  and  nickel.  Such  ores  occur  at  Sudbury,  On- 
tario, and  are  there  treated  by  heap  roasting  followed  by  partial  pyritic 
smelting  for  copper-nickel  matte.  The  matte  thus  produced  is  con- 
centrated in  a  basic  converter  to  a  matte  containing  80  per  cent,  of  com- 
bined nickel  and  copper  with  less  than  1  per  cent,  of  iron.  The  converter 
slag  is  resmelted  in  reverberatory  furnaces.  By  this  method  of  treat- 
ment all  of  the  iron  of  the  ore  enters  the  waste  slags  of  the  furnaces  and 
is  therefore  lost.  If  the  copper  can  be  removed  from  such  ores  and  the 
iron  and  nickel  left  in  a  residue  of  such  character  as  to  be  suited  to  blast- 
furnace smelting  for  nickel-bearing  iron,  the  iron  would  be  saved  and 
the  value  of  the  ore  would  be  correspondingly  increased.  In  addi- 
tion to  saving  the  iron,  there  is  of  course  the  possibiUty  of  utilizing  the 
sulphur  for  the  manufacture  of  sulphuric  acid,  where  such  utilization  is 
warranted  by  local  conditions  and  markets. 

The  chemical  reactions  involved  in  the  chloridation'^of  copper  in 
burnt  pyrite  have  been  investigated  by  E.  Kothny,"  who  concludes 
that  reactions  represented  by  the  following  series  of  equations  are  largely 
responsible  for  the  chloridation  of  the  copper. 

*  Berg  und  HHUenmdnnUches  Jahrhuch,  vol.  Iviii,  p.  97  (1910).  MetaUitrgief  vol. 
viii,  No.  13,  p.  389  (July  8,  1911). 
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2  FeS,  +  7  O,  =  Fe,(SOi)s  +  SO,. 
Fe^CSOOs  +  6  Naa  =  3  Na^SO*  +  2  FeQ,. 
3  CuO  +  2  FeCl,  =  3  CuCl,  +  Fe,0,. 

Further  points  shown  by  Kothny  are,  that  the  reaction  4  FeCl»  +  30,= 
2  Fe,Oi  +  6  Cli  proceeds  rapidly  from  left  to  right  when  a  current  of  dry 
air  is  passed  over  the  heated  ferric  chloride,  while  the  similar  reaction 
between  cupric  chloride  and  oxygen,  2  CuCl,  +  0,  =  2  CuO  +  2  CI,, 
is  comparatively  slow  under  the  same  conditions;  also  that  the  dissocia- 
tion of  cupric  chloride  into  cuprous  chloride  and  chlorine,  2  CuCU  = 
CufCli  +  Clf,  does  not  occur  at  temperatures  of  340*^  to  650**  C.  when 
the  cupric  chloride  is  contained  in  a  mixture  in  which  an  excess  of  sodium 
chloride  is  present.  It  is  important  that  the  two  latter  reactions  be 
prevented  from  progressing  in  the  left  to  right  direction,  because  by  so  do- 
ing they  tend  to  defeat  the  object  of  the  roast.  Since  both  are  doubtless 
reversible,  the  presence  of  chlorine  in  the  furnace  gas  and  in  the  inter- 
stices of  the  roasting  ore  will  tend  to  send  these  reactions  in  the  right  to 
left  direction.  Therefore  it  seems  advisable  to  maintain  as  high  a  con- 
centration of  chlorine  in  the  furnace  gas  as  is  possible  without  an  undue 
consumption  of  salt. 

In  the  experiments  performed  by  the  writer  mixtures  of  copper 
oxide  and  nickel  oxide  with  ferric  oxide,  silica,  ferric  sulphate,  and  sodium 
chloride  were  subjected  to  heatings  at  various  temperatures  and  for 
different  times  in  an  electric  tube  furnace,  a  current  of  dry  air  being 
passed  over  the  mixture  during  the  heating.  The  compositions  of  the 
mixtures  are  shown  in  the  following  table: 


,    CJonstituents 

Mixture  No.  1 

Mixture  No.  2 

Mixture  No.  3 

Grams 

Per  Cent. 

Grams 

Percent. 

Grams    Per  Cent. 

ChiDrio  oxide. 

0.2503 

6.00  Cu 

0.2503  i  5  OOCu 

N^ickel  oxide 

0.2661 

i.eso 

0.400 
0.910 
0.796 

6.00  Ni 
41.0 
10.0 
22.8 
19.9 

0.2661      5.00Ni 

Ferric  oxide 

1.778 
0.400 
0.838 
0.734 

44.6 
10.0 
21.0 
18.3 

1.523     38.1 

Silica 

0.400     10.0 

Ferric  sulDhftte 

0.838     21.0 

flnHiiim  r.hloride 

0.734     18.4 

Total  weights 

4.0003 

4.0001 

4.0004 

1 

In  composition  these  mixtures  are  intended  to  represent  dead- 
roasted  sulphide  ores  containing  copper  or  nickel  or  both,  to  which 
have  been  added  ferric  sulphate  and  sodium  chloride.    The  percentages 
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of  copper  and  nickel  in  the  mixtures  are  somewhat  higher  than  in  the  ores 
that  these  mixtures  are  intended  to  represent.  However^  the  quantity 
of  mixture  that  could  be  used  in  an  experiment  was  limited  by  the  size 
of  the  boat  and  of  the  furnace  to  4  g.  Since  it  was  not  considered  ad- 
visable to  work  with  less  than  0.2  g.  of  copper  or  nickel,  the  mixtures 
were  made  to  contain  5  per  cent.,  as  is  shown  in  the  table.  In  order 
that  no  uncertainty  should  arise  in  regard  to  the  amoimt  of  copper 
or  nickel  present  in  each  experiment,  the  exact  amounts  of  the  ingre- 
dients of  the  different  mixtures  were  weighed  out  and  material  for  each 
experiment  was  mixed  separately  in  an  agate  mortar.  In  practical 
applications  of  the  chloridizing  roast  it  is  customary  to  produce  the 
ferric  sulphate,  necessary  for  the  decomposition  of  the  salt,  in  the  fur- 
nace by  the  oxidation  of  pyrite.  In  laboratory  work  with  the  small 
amounts  of  material  used  in  these  experiments  it  is  more  convenient 
to  add  prepared  ferric  sulphate,  and  by  its  use  to  avoid  any  irregularities 
that  may  arise  from  the  roasting  of  the  pyrite. 

Mixture  No.  1  contains  double  the  amounts  of  ferric  sulphale  and 
sodium  chloride  necessary  to  convert  all  of  the  copper  into  cupric  chlor- 
ide. Mixture  No.  2  contains  double  the  amounts  of  these  ingredients 
necessary  to  convert  all  of  the  nickel  into  nickel  chloride.  Mixture 
No.  3  contains  enough  ferric  sulphate  and  sodium  chloride  to  chloridize 
both  the  nickel  and  the  copper. 

Preparation  of  the  Materials. — Of  the  materials  used  in  the  mixtures 
the  ferric  oxide,  silica,  and  sodium  chloride  required  no  special  prep- 
aration. The  ferric  oxide  was  that  prepared  by  Kahlbaum,  and  showed 
no  traces  of  copper  or  nickel  when  tested  qualitatively.  The  silica  was 
prepared  by  grinding  clear  white  quartz  in  a  porcelain  jar  mill.  The 
sodium  chloride  was  Merck's  C.  P.,  and  was  prepared  by  heating  to  about 
600**  C.  and  then  pulverizing  in  an  agate  mortar. 

The  nickel  and  copper  oxides  were  prepared  by  calcining  their  respec- 
tive nitrates.  Both  nitrates  were  dehydrated  over  a  gas  flame  and  then 
heated  in  a  muffle  until  decomposition  was  complete.  The  oxides  thus 
produced  were  boiled  with  water  to  remove  soluble  material,  and,  after 
filtering  and  washing,  the  oxides  were  again  heated  in  the  muffle.  The 
averages  of  three  electrolytic  determinations  on  each  of  the  materials  are 
given  below  and  compared  with  the  theoretical  composition  of  the  pure 
compounds.  p^^  ^^^ 

Copper  oxide  prepared 79.88  Cu  * 

CuO  pure 79.89  Cu 

Nickel  oxide  prepared 78 .  41  Ni 

NiO  pure 78.58  Ni 

Pure  anhydrous  ferric  sulphate  was  prepared  from  the  C.  P.  salt 
of  Baker  &  Adamson.  The  raw  material  contained,  as  undesirable 
impurities,  sulphuric  acid,  nitric  acid,  and  water.    A  part  of->the  vol- 
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atile  impurities  was  removed  by  heating  over  a  gas  flame.  Then  in 
order  to  free  the  salt  from  acid  and  water  it  was  heated  to  600**  C.  for  a 
few  minutes.  The  heating  was  done  in  a  closed  tube  of  hard  ^ass, 
the  closed  end  of  the  tube  containing  the  salt  being  heated  in  the  small 
furnace  shown  in  Fig.  4,  while  the  upper  and  open  end  of  the  tube  was 
heated  with  a  gas  flame  to  prevent  the  condensation  of  the  impurities. 
About  20  g.  of  the  anhydrous  ferric  sulphate  was  prepared  in  this  manner; 
it  was  in  the  form  of  a  fine  cream-colored  powder.     The  analysis  is  shown 


Air  from  pressure  pump 


1.  Wash  bottle  oontaining  potassium  permanganate. 

2.  Wash  bottle  containing  potassium  hydroxide. 

3.  Wash  bottle  containing  sulphuric  acid. 

4.  Dicing  tower  oontaining  phosphorous  pentoxide. 

5.  Sihca  tube  containing  pjrrometer  wires. 

6.  Glass  T  through  which  pyrometer  tube  and  air  pass  into  the  furnace  tube. 

7.  Porcelain  boat  oontaining  mixture  to  be  roasted. 

8.  Point  in  the  tube  where  most  of  the  volatilized  material  condensed. 

9.  Plug  of  glass  wool  to  provide  condensation  surface  for  volatilized  material. 
10.  Ri^koad  tube  containmg^water. 

The  furnace  and  porcelain  tube  are  the  same  as  those  shown  in  Fig.  1. 
Fia.  5. — Diagram  of  Apparatus  Used  in  Roastino  Mixtxtrks. 

below  compared  with  the  theoretical  composition  of  the  pure  com- 
pound; the  average  of  two  analyses  is  given. 

Prepared  ferric  sulphate:    Fe208  =  40.32,  SOa  =  59.68  per  cent. 
Fe2(S04)3  pure:  Fe208  =  39.93,  SOs  =  60.07  per  cent. 

From  the  comparison  it  is  evident  that  only  an  inconsiderable  amount 
of  the  sulphate  was  decomposed  during  the  process  of  drying. 

Method  of  Conducting  the  Experiments, — The  furnace  shown  in 
Fig.  1  was  connected  with  other  apparatus  as  shown  in  Fig.  5.  The  fur- 
nace was  heated  to  the  desired  temperature  with  the  current  of  dry 
air  passing  through  it,  then  the  boat  with  its  contents  was  placed  In 
the  position  shown.     A  plug  of  glass  wool  was  inserted  into  the  end  of 
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the  tube  for  the  purpose  of  providing  a  large  surface  upon  which  vola- 
tilized copper  chloride  might  condense.  The  gases  from  the  tube  were 
passed  through  a  railroad  tube  containing  water  in  order  to  catch  any 
copper  salt  that  did  not  condense  in  the  tube  or  on  the  glass  wool. 

During  the  first  10  min.  of  heating,  chlorine  and  sulphur  trioxide 
were  evolved  freely.  After  this  length  of  time  the  rate  of  evolution  of 
these  gases  usually  diminished  perceptibly,  and  continued  to  diminish 
until  at  the  end  of  4  hr.  the  air  coming  from  the  tube  contained  only 
small  amounts  of  them.  The  time  of  heating  was  in  most  cases  4  hr. ;  in  a 
few  it  was  only  2  hr . 

The  products  from  an  experiment  performed  as  described  were  the 
volatilized  material  that  had  been  carried  by  the  air  current  to.the  cooler 
part  of  the  furnace  tube,  where  it  condensed,  and  the  residue  remaining 
in  the  boat.  The  latter  was  in  the  form  of  a  dark-brown  porous  cake, 
which  could  be  removed  from  the  boat  in  a  single  piece,  but  which 
was  soft  and  could  be  easily  pulverized.  Most  of  the  material  volatil- 
ized from  the  boat  condensed  in  a  somewhat  hard  ring  at  the  point  (8) 
shown  in  Fig.  5;  a  small  amount  of  it  condensed  on  the  glass-wool  plug;  in 
no  case  was  a  trace  of  copper  or  nickel  found  in  the  railroad  tube.  The 
removal  of  the  ring  of  condensed  material  from  the  wall  of  the  tube  was 
at  times  quite  diflBcult,  and  particularly  so  during  the  last  series  of 
experiments  with  mixture  No.  3.  In  all  cases  it  was  necessary  to  place 
a  rubber  stopper  in  one  end  of  the  tube,  then  to  introduce  about  25  cc. 
of  glass  beads  together  with  the  solvent,  and  then,  after  inserting  a  stopper 
in  the  other  end,  to  shake  the  tube  and  contents  vigorously.  The 
beads  aided  in  removing  the  deposit  from  the  wall  of  the  tube  and  thus 
made  the  action  of  the  solvent  more  rapid.  One  or  two  such  treatments 
with  ammonia  followed  by  one  with  nitric  acid  were  generally  used. 
Even  this  treatment  failed  to  remove  all  of  the  material  after  the  glaze  on 
the  inner  surface  of  the  tube  had  been  partly  destroyed  by  the  combined 
actions  of  the  deposit  and  of  the  beads,  so  that  in  the  later  experiments 
all  of  the  copper  in  the  volatilized  product  was  not  recovered.  An  in- 
teresting point  in  regard  to  the  volatilized  material  is  that  in  no  case 
was  any  appreciable  amount  of  iron  found  in  it.  This  fact  indicates 
that  if  the  volatile  ferric  chloride  is  formed  during  the  roast,  it  is  de- 
composed before  it  can  pass  from  the  roasting  material  into  the  gases. 

The  products  from  each  experiment  were  treated  as  follows:  In  the 
volatilized  material  copper  or  nickel  or  both  were  determined  electro- 
lytically.  The  material  in  the  boat  was  boiled  with  water,  filtered,  and 
washed,  in  order  to  remove  water-soluble  copper  or  nickel.  Since  this 
treatment  would  not  remove  cuprous  chloride  if  present,  the  residue  was 
further  treated  by  boiling  with  saturated  sodium  chloride  solution, 
after  which  it  was  again  filtered  and  washed.  The  brine  solution  in 
all  cases  contained  only  small  amounts  of  copper,  and  accordingly  was 
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not  analyzed  separately;  but  was  added  to  the  solation  obtained  from 
the  water  treatment.  The  copper  in  the  combined  solutions  was  deter- 
mined electrolytically,  after  evaporating  with  sulphuric  acid  to  white 
fumes,  adding  3  cc.  of  nitric  acid,  and  diluting  to  about  200  cc^with 
water.  When  nickel  was  present  it  was  also  determined  electrolytically. 
In  the  case  of  the  experiments  with  mixture  No.  2,  which  contained 
no  copper,  the  brine  treatment  was  omitted.  The  residue  from  these 
operations,  together  with  the  incinerated  filters  that  had  been  used, 
was  boiled  with  three  successive  portions  of  concentrated  nitric  add. 
This  treatment  served  to  remove  the  copper  oxide  without  dissolving 
enough  of  the  iron  oxide  to  interfere  with  the  subsequent  electrolytic 
determination  of  the  copper.  No  attempt  was  made  to  determine 
nickel  in  the  residues.  In  treating  the  residues  with  water  and  with 
brine  it  was  observed  that  not  more  than  traces  of  iron  were  dissolved 
in  any  case. 

Reaidts  of  the  Experiments. — The  results  of  a  number  of  experiments 
with  the  three  mixtures  are  given  in  the  following  table: " 


Mixture 
No. 

Temper- 
ature, 
Degrees 
C. 

Time, 
Hours 

Percent. 
VolatiUaed 

Per  Cent. 

Soluble  in 

H,0  and  Brine 

Per  Cent. 

in  Residue, 

Cu 

Per  Cent. 
Accounted 

Cu 

Ni 

Cu 

Ni 

for, 
Cu 

Cu  only. . 

600 
600 
600 
700 
700 

4 
2 
4 
2 
4 

24.9 
29.9 
68.1 
71.6 
92.6 

36.2 
29.6 

7.5 
15.4 

0.9 

1 

29.0  i       90.1 

33.1  92.5 

17.2  92.8 
9.0             96.0 
1.9             95.3 

2] 

Ni  only. . 

500 
650 
600 
650 
700 

4 
4 
4 
4 
4 

trace* 
trace 
trace 
trace 
trace 

6.2 
17.7 

2 

2 

13.0 
1.6 
0.8 

2 
2 



1 

3 
3 
8 

CuandNi 

600 
660 
700 

4 
4 
4 
4 
4 

47.7 
71.4 
lost 
67.6 
68.1 

trace 
2.9 
0.8 
1.6 
2.7 

21.5 
2.7 
4.5 
8.5 
1.3 

2.3 
0.4 
1.0 

12.9 
6.6 
4.1 

82.1 
80.6 

3 
3 

700 
700 

1.2 
trace 

3.4 
5.1 

79.5 
74.5 

•  The  amounts  of  nickel  volatilized  in  the  experiments  with  mixture  No.  2  were  too 
small  to  be  estimated  quantitatively.  The  volatilized  portion  was  accordingly  added 
to  the  solution  containing  the  water-soluble  nickel,  and  the  combined  solutions  were 
analyzed  for  nickel.  In  the  experiments  with  mixture  No.  2  the  brine  treatment  was 
omitted. 
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In  the  first  series  of  experiments  the  amounts  bi  copper  accoimted 
for  vary  from  90.1  to  96.0  per  cent.,  while  in  the  third  series  still  less  of 
the  copper  was  accounted  for.  This  is  due  to  the  increasing  diflSculty 
that  was  encountered  in  removing  without  loss  the  volatile  products 
from  the  tube;  this  point  has  been  mentioned  in  a  preceding  paragraph. 

In  reviewing  the  results  of  the  experiments  it  is  necessary  to  bear 
in  mind  the  facts  that  only  small  amounts  of  material  were  used,  that 
the  time  of  treatment  in  each  case  was  comparatively  short,  and  that 
the  results  cannot  be  directly  compared  with  those  secured  when  a 
chloridizing  roast  is  performed  on  a  large  scale  because  of  the  differences 
in  the  conditions:  It  was  the  intention  to  study  the  behavior  of  copper 
oxide  and  nickel  oxide  when  mixed  with  iron  oxide  and  subjected  tc 
heating  imder  the  conditions  that  favor  the  chloridation  of  the  metals. 
It  is  necessary  to  consider  as  chloridized  that  part  of  the  copper  and 
nickel  which  was  volatilized,  because  neither  the  sulphates  nor  the  oxides 
of  these  metals  are  volatile  under  the  conditions  existing  in  the  experiments. 

The  experiments  with  mixture  No.  1  show  that  the  completeness 
of  chloridation  of  the  copper  increases  with  increasing  temperature  and 
with  increasing  time.  An  interesting  point  is  the  fact  that  in  the  last 
experiment  with  this  mixture  92.6  per  cent,  of  the  copper  was  recovered 
from  the  volatile  product. ,  Experiments  with  mixture  No.  2  containing 
nickel  oxide  show  the  behavior  of  the  nickel  under  conditions  similar  to 
those  to  which  the  copper  oxide  was  subjected.  Only  traces  of  nickel 
were  found  in  the  volatile  products,  as  is  stated  in  the  footnote  to  the 
table.  The  maximum  production  of  water-soluble  nickel  resulted  at 
550**  C,  the  nickel  thus  extracted  amounting  to  17.7  per  cent.  The 
experiments  at  higher  temperatures  showed  decreasing  amounts  of  water- 
soluble  nickel.  Roasting  for  4  hr.  at  700**  C.  produced  only  0.8  per  cent, 
of  water-soluble  nickel.  Whether  or  not  the  nickel  extracted  in  these 
experiments  was  in  the  form  of  chloride  or  sulphate  was  not  determined; 
the  conditions  were  favorable  for  the  production  of  either  compound. 

Considering  the  results  of  these  two  series  of  experiments,  it  ap- 
pears that  nickel  is  not  rendered  water  soluble  nor  is  it  volatilized  to 
any  considerable  extent  when  the  temperature  of  the  roast  is  above 
650**  C,  while  such  temperatures  are  quite  favorable  to  the  chlorida- 
tion of  copper.  In  confirmation  of  this  conclusion  we  have  the  results 
of  the  third  series  of  experiments,  which  show  a  maximum  of  3.3  per 
cent,  of  the  nickel  converted  into  water-soluble  and  volatile  compounds 
at  660**  C.  The  increased  tendency  toward  volatilization  exhibited  by 
the  nickel  in  the  presence  of  copper  is  probably  due  to  the  more  or  less 
mechanical  influence  exerted  on  the  nickel  chloride  by  the  volatilization 
of  the  copper  chloride. 

These  laboratory  experiments  of  course  do  not  prove  that  roasted 
pyritic  ores  containing  copper  and  nickel  can  be  treated  commercially 
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by  chloridizing  the  copper  and  leaching  it  from  the  iron  and  nickd  ox- 
ideS;  leaving  a  product  suitable  to  be  smelted  to  nickel-bearing  pig  iron. 
That  could  only  be  demonstrated  by  carefully  conducted  experiments  on 
large  quantities  of  the  ore  in  question.  However,  the  experiments  do 
prove  the  possibility  of  effecting  such  a  separation  and  indicate  the  tem- 
peratures at  which  the  roast  should  be  conducted  in  order  to  secure  the 
desired  results. 
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[subject  to  bbvisionI 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  Bhould  preferably  be  presented  in  perion  at  the 
New  York  meeting,  February,  1915,  when  an  abetraot  of  the  paper  will  be  read.  If  this  is  impossible, 
then  diiouarion  in  writins  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1915.  Any  discussion 
o£fered  t thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Use  of  Mud-Ladened  Water  in  Drilling  Wells 

BY  I'.  N.  KNAPP,  ARDMORB,  PA. 
(New  York  Meeting,  February,  1915} 

Introduction. — The  special  object  of  these  notes  is  to  describe  the 
mixing,  testing,  and  use  of  mud-ladened  water  for  rotary  drilling  in  such 
a  way  as  to  make  them  helpful  to  the  driller,  the  operator,  or  the  engineer 
in  solving  his  own  special  drilling  problems. 

The  structures,  apparatus  and  tools  used  are  indicated  in  a  general 
way.  No  attempt  is  made  to  describe  the  art  of  rotary  drilling;  only 
such  descriptions  as  are  necessary  to  make  plain  the  use  of  mud  are  given. 

The  information  is  the  result  of  actual  experience  in  drilling  in 
Coastal  Plain  formations.  The  materials  encountered  in  the  wells  drilled 
were  unconsolidated  sands,  gravels,  and  clays,  in  which  thin  layers  of 
sandstones,  shell  conglomerates,  and  shales  began  to  appear  at  about 
1,200  ft.  in  depth,  although  one  well  was  drilled  to  3,018  ft.  without 
encountering  any  cemented  or  indurated  materials. 

Unusual  Conditions, — The  general  surface  of  the  ground  where  the 
drilling  was  done  being  hardly  a  foot  above  mean  tide,  and  the  daily  tidal 
variation  being  about  15  in.,  it  was  found  necessary  to  plank  over  the  sod 
surface  with  3-in.  plank  to  work  from.  A  30  by  30  ft.  planked  area  was 
sufficient  to  carry  the  derrick  with  equipment  and  2,500  ft.  of  4-in.  drill 
pipe  stacked  in  it.  The  derrick  was  set  up  3  ft.  on  cribbed  blocking 
arranged  to  spread  the  load  over  the  planking.  The  engine,  boilers,  and 
pipe  yard  were  also  carried  on  3-in.  planking. 

Drilling  Outfit.— ThiB  consisted  of  a  derrick,  20  by  20  ft.  and  84  ft. 
high,  two  35  h.p.,  "oil  country"  boilers,  one  double  8  J  by  10  in. 
reversible  engine,  two  10  by  6  by  12  in.  duplex  mud  pumps,  one  15-in. 
rotary,  "hoisting  works"  with  chain  drive,  hoisting  block  with  line, 
crown  block  with  pulleys,  rotary  jetting  swivels,  hose,  complement  of 
tools,  pipes  and  connections,  and  a  mud  mixer,  with  engine. 

Hydraulic  Rotary  Drilling^ Method. — This  method  of  drilling  is  an 
adaptation  of  Fauvelle's^  invention  made  in  France  in  1833  for  drilling 


1  See  Journal  of  the  Franklin  Institute,  3d  ser.,  vol.  xii.  pp.  "369  to  372  (1846),  for 
abridged  translation  of  Fauvelle's  own  account  On  a  New  Method  of  Boring  for 
Artesian  Springs. 
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artesian  wells,  and  was  the  progenitor  of  the  water-flush  method  now 
employed  in  Europe  and  the  hydraulic  rotary  method  of  America.  It 
is  absolutely  necessary  to  use  this  method  to  complete  a  well  to  depths  of 
200  ft.  and  over  in  the  Coastal  Plain  formation.  Its  success  dex>ends  cm  the 
proper  use  of  mud-ladened  water.  Rotary  drilling  is  an  art  that  Mces- 
sarily  requires  skillful  work,  and  the  best  results  in  any  district  can  only 
be  had  after  numerous  test  wells  have  been  drilled,  the  water  sands  and 
productive  oil  or  gas  horizons  located,  and  proper  drilling  and  casing 
setting  methods  worked  out. 

Initial  Ground  Pressure. — This  in  any  oij  or  gas  field  is  in  general  less 
than  the  hydraulic  head  of  43  lb.  per  100  ft.  of  depth. 

Mud-Ladened  Water. — Water  can  easily  be  ladened  with  any  clayey 
material  that  will  remain  in  suspension  for  a  considerable  period  of  time. 
Such  mixture  may  weigh  33  per  cent,  more  than  the  same  volume  of 
clear  water,  or  give  a  head  of  57  lb.  per  100  ft.,  or  a  margin  of  safety  of 
14  lb.  on  each  100  ft.  of  depth.  Heavier  or  lighter  mixtures  can  be  used, 
but  that  mentioned  was  found  to  give  good  average  results. 

The  time  of  settling  of  clayey  material  in  still  water  varies  greatly. 
One  mixture  will  settle  clear  in  a  week,  another  in  six  months. 

Laboratory  experiments  show  that  matter  in  suspension  imparts  a 
certain  viscosity  to  fluids  and  the  rate  of  settling  is  by  no  means  depend- 
ent solely  upon  the  difference  in  specific  gravities,  or  upon  the  fineness 
of  subdivision  of  the  solid.* 

Requirements. — It  is  fundamental  in  the  hydraulic  rotary  method  of 
drilling  that  a  circulation  of  mud-ladened  water,  such  as  described,  be 
maintained  from  the  surface  down  through  a  vertical  rotary  drill  pipe 
and  bit  and  up  between  the  drill  pipe  and  the  wall  of  the  well  back  to 
the  surface.  Moreover,  at  all  times,  the  mud  pressure  at  any  point  in 
the  well  must  exceed  the  pressure  in  the  strata  penetrated  at  'that  point, 
thus  excluding  all  gas,  oil,  and  water  as  they  are  encoimtered.  The 
proper  use  of  mud-ladened  water  gives  a  means*"  of  drilling  wells  and 
keeping  them  in  a  state  of  equilibrium  until  screens  can  be  set  in  pro- 
ductive horizons  and  casing  set  and  cemented  in.  Thus  complete  con- 
trol is  given  in  bringing  them  to  producing.  As  a  practical  matter,  in  a 
drill  hole  1,500  ft.  deep  a  good  mud  will  not  settle  in  a  week  sufficiently 
to  prevent  a  drill  pipe  from  being  run  freely  to  bottom,  and  the  mud 
pump  from  starting  circulation,  so  rotating  and  drilling  may  be  re- 
sumed. Also,  such  mud  will  not  stick  or  freeze  in  a  drill  pipe  if  left 
in  24  hr. 

It  was  necessary  to  use  a  power-driven  mixer  to  supply,  and  a  mud  pit 

•  American  Chemical  Journal^  vol.  xlvi,  p.  278  (1011)  on  The  '^acoeiiy  and  Fluidity 
of  Suspensions  of  Finely  Divided  Solids  in  liquids.  Also,  U.  S.  Geological  Survey 
Professional  Paper  No.  86,  Transportation  of  D^ris  by  Running  Water,  p.  228  (1914). 
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to  store,  sufficient  mud  properly  to  control  a  well  drilled  in  the  formations 
named.  Such  a  storage  pit  is  formed  on  the  surface  by  building  a  dike 
about  3  ft.  high  around  an  area  20  by  30  ft.  from  which  the  sod  has  been 
takei;;^  It  must  be  so  located  that  the  thick  mud  maintained  in  it  can  be 
quickly  drawn  out  into  the  pump  pit  (hereafter  described)  in  quantity  as 
desired  to  thicken  the  circulating  mixture.  Mud  mixers  of  suitable 
design  can  be  purchased  of  the  weUnsupply  houses. 

Mvd  Tests. — It  is  very  difficult  to  judge  whether  any  particular  clayey 
material  will  make  a  suitable  mud.  The  only  sure  way  to  know  is  to  mix 
a  sample  of  available  material  and  try  it. 

Mud  can  be  best  tested  by  weighing.  I  used  a  common  market  beam 
scale  (without  pan)  having  a  capacity  to  weigh  50  lb.  by  ounces,  and  a 
common  galvanized  iron  bucket  in  which  to  weigh  the  mud.  Four 
equally  spaced  i-in.  holes  were  punched  und  erthe  top  rim  to  furnish 
level  marks  to  fill  to. 

The  bucket  is  first  hooked  on  under  the  beam,  the  poise  brought  to 
zero,  and  the  whole  balanced  by  counter-weighting.  The  bucket  is  then 
filled  to  the  level  holes  with  clear  water  and  its  weight  taken  and  noted. 
It  may  be,  for  instance,  18  lb.  The  poise  is  again  placed  at  zero  and  more 
counter-weight  added  to  balance  the  clear  water.  This  water  is  then 
thrown  out  and  the  bucket  filled  with  mud,  and  the  poise,  when  balanced 
on  the  beam,  will  indicate  the  additional  weight  of  the  clayey  material  in 
suspension  over  that  of  the  same  volume  of  clear  water.  The  bucket 
may  be  filled  with  mud  as  many  times  as  desired  and  weighed  without 
further  adjustment.  If  the  additional  weight  found  at  any  time  should 
be  6  lb.  it  would  indicate  the  mixture  weighed  about  33  per  cent,  more 
than  the  same  volume  of  clear  water.  If  a  good  working  mixture  is 
found  to  be  5  lb.  of  additional  weight  per  bucket  of  mud,  and  in  drilling  it 
increases  to  show  6  lb.,  clear  water  may  be  slowly  added  until  the  weight 
drops  to  5  lb.  or  a  little  less.  This  weighing  is  simple  and  practical  and  is 
no  fad.  It  is  just  as  necessary  for  the  driller  to  have  a  scale  and  know  the 
weight  of  the  mud  he  is  using  as  to  have  a  gauge  to  show  the  mud  pump 
pressure.  A  well  can  be  drilled  without  a  pump  gauge,  or  scales  to  weigh 
the  mud,  but  it  can  be  drilled  safer  and  in  better  time  if  both  measure- 
ments are  intelligently  used. 

Other  Tests., — A  water  circulation  carrying  a  considerable  percentage  of 
sand  in  suspension  is  not  a  proper  mud  for  rotary  drilling,  although  it  may 
meet  the  weight  test. 

If  for  any  reason  a  circulation  of  this  kind  is  stopped,  the  drill  pipe 
is  likely  to  "freeze  in"  in  a  short  time,  depending  on  the  rapidity  with 
which  the  sand  may  settle.  The  amount  of  sand  in  suspension  may  be 
approximately  estimated  by  taking  one-third  of  .a  bucket  of  such  mud 
mixture  and  adding  one-half  of  a  bucket  of  clear  water,  stirring  thor- 
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oughly,  and  letting  stand  half  an  hour.  If  less  than  an  inch  of  clear  sand 
then  shows  in  the  bottom  of  the  bucket  the  circulation  is  reasonably  safe 
to  use.  If  it  is  much  more  it  may  not  be  safe.  This  is  a  matter  that  only 
experience  and  good  judgment  can  determine. 

The  percentage  of  sand  in  any  mixture  can  be  accurately  determined 
with  a  hand  centrifuge  with  two-arm  sedimentation  attachment  and 
graduated  glass  tubes.  A  proper  mud  shows  no  sign  of  separation — 
except  perhaps  1  or  2  per  cent,  of  sand — ^if  put  into  such  a  machine  and 


FiQ.  1. — Plan  of  Weli/-Drillinq  Plant  showing  Circulation  of  Mttd. 


run  at  1,200  rev.  per  minute  for  5  min.  This  shows  that  the  precipita- 
tion of  suspended  clayey  matter  in  water  is  extremely  slow  and  that  sand 
settles  very  much  quicker.  By  mixing  mud  half  and  half  with  saturated 
brine  a  quick  separation  takes  place.  Turning  the  machine  for  2  or  3  min. 
at  the  speed  mentioned  produces  a  complete  separation  of  all  suspended 
matter.  The  precipitation  shows  itself  in  layers  in  the  graduated  glass 
tube,  the  sand  coming  down  first. 

Pump  Pit. — This  pit  is  located  on  the  pump  side  of  the  derrick,  with  is 
longest  center  line  parallel  to  and  about  20  ft.  from  the  derrick  base. 
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(See  Figs.  1  and  2.)  A  convenient  size  is  8  by  16  ft.  (inside  timbers) 
by  6  ft.  deep,  and  lagged  with  2-in.  plank  7  ft.  long,  placed  vertically  oa 
the  outside  of  a  square  set  of  8  by  10  in.  timbers. 

The  2  ft.  of  lagging  above  the  ground  is  backed  with  sod  to  prevent 
surface  water  from  running  into  the  pit.  A  sod  dike  about  6  ft.  in 
diameter,  with  the  well  location  as  a  center,  and  20  in.  high,  is  built  on 
the  3-in.  plank.    This  is  connected  directly  to  the  pump  pit  by  a  ditch 
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Fig.  2. — Elevation  of  Well-Drilling  Plant  showing  Circulation  of  Mud. 

banked  up  20  in.  by  2  ft.  wide.     The  dike  protection  was  absolutely 
necessary,  as  the  tide  rose  at  times  as  much  as  a  foot  over  the  surface. 

Pump  Strainer. — The  large  amount  of  roots  and  trash  in  the  clay  avail- 
able for  mud  mixing,  and  also  the  fact  that  wood  and  swamp  materials 
were  drilled  through  at  various  depths,  made  it  necessary  to  arrange  for 
frequent  cleaning  of  the  pump  strainer.  The  best  arrangement  found  for 
conveniently  raising  and  lowering  the  pump  suction  pipe  for  this  purpose 
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was  a  1-ton  chain  hoist  hung  over  the  pit  from  a  gallows  frame,  as 
indicated  in  Fig.  2.  With  it  one  man  could  handle  a  pump  suction  with 
ease  while  removing  floating  trash  from  the  strainer  with  his  hands. 

Preparations  far  Drilling. — The  drilling  apparatus  being  all  ready,  a 
mud  pump  is  started  and  the  thin  water  pumped  out  of  the  pump  pit. 
The  latter  is  then  filled  with  mud  to  above  the  ground  or  tidewater  level, 
so  there  can  be  no  chance  of  the  inflow  of  clear  water  thinning  the  mud. 
A  circulation  is  then  established,  by  operating  a  mud  pump,  from  the  mud 
pit  through  the  drill  pipe  and  bit,  back  to  the  pit,  and  continued  until  the 
whole  content  of  the  pit  is  properly  tempered. 

DriUing. — ^The  rotary  is  started  and  the  drill  begins  at  the  surface  to 
make  hole.  To  a  depth  of  15  ft.  I  used  an  18-in.  fishtail  bit  with  &-in. 
shank  and  6  by  10  in.  drill  collar  (12  in.  0.  D.)  on  one  joint  of  l(X-in.  pipe, 
followed  by  a  string  of  6-in.  drill  pipe.  Near  the  top  of  the  hole  slabs  of 
mud  as  large  as  a  man's  two  hands  were  cut  up  by  the  drill  and  floated  out, 
and  had  to  be  shoveled  away.  Also  mud  was  lost  to  crawfish  holes  for  a 
time  before  they  became  mudded  off. 

A  16-ft.  length  of  galvanized,  corrugated,  culvert  pipe  was  used  for  the 
conductor  pipe  and  driven  into  place.  (See  Fig.  2.)  The  top  was 
belled  out  and  spiked  to  the  3-in.  surface  planking. 

The  18-in.  fishtail  bit  being  replaced  by  a  15-in.  bit,  the  drilling  is 
continued  through  the  conductor  pipe  and  the  mud  kept  close  to  some 
standard  weight.  The  large  drill  collar  (12  in.  0.  D.)  on  a  10-in.  joint  of 
pipe  in  a  15-in.  hole  retards  to  some  extent  the  rate  of  drilling  in  un- 
consolidated material.  On  the  other  hand,  its  use  compels  the  drilling  of 
a  round  straight  hole  that  requires  no  reaming  before  setting  a  string  of 
casing;  also,  its  use  seems  more  effectively  to  plaster  the  drill  cuttings 
and  mud  into  the  walls  of  the  well  in  puddling  off  the  porous  strata  as 
encountered,  and  so  preventing  loss  of  mud.  In  pulling  out,  there  is  no 
dragging  or  turning  of  the  drill  pipe,  and  in  running  in,  the  bit  goes  plumb 
to  bottom. 

As  a  matter  of  experience,  it  had  been  found  that  a  well  drilling  in  soft 
sandy  material  with  a  15-in.  fishtail  bit,  followed  by  a  6-in.  (about  7  i 
in.  0.  D.)  drill  collar  and  6-in.  pipe,  was  easily  deflected  by  concretions  or 
pieces  of  wood,  resulting  in  crooks  or  humps  in  the  hole.  In  extreme  in- 
stances, after  pulling  out  and  starting  in  with  a  sharp' bit  such  crooks  or 
humps  would  form  enough  obstruction  so  that  the  bit  would  not  spud  past 
them,  and  upon  rotating  a  new  hole  would  form,  side-tracking  a  con- 
siderable depth  ah-eady  drilled,  which  was  consequently  lost.  Further- 
more, it  was  often  necessary  in  nmning  back  into  crooked  holes  to  start 
pumping  and  rotating  before  getting  to  bottom,  because  materials  which 
were  scraped  off  the  walls  of  the  well  and  carried  down  made  a  bridge  or 
stoppage.    In  any  case  a  crooked,  humped  or  deflected  hole  requires  the 
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use  of  a  rotary  shoe  or  reamer  to  size  the  hole  down  before  a  string  of 
casing  can  be  run  in  and  set. 

Just  before  pulling  out  the  drill  pipe,  the  mud  in  the  pump  pit  and  the 
surface  circulation  should  be  stirred  up,  so  as  to  weight  the  descending  mud 
in  order  that  the  drill  string  will  uncouple  dry.  In  pulling  out,  mud  must 
be  frequently  pumped  into  the  well  so  that  the  "head**  of  mud,  or  pres- 
sure from  within  the  well,  will  meet  the  fundamental  requirement  before 
stated.  After  nmning  a  drill  pipe  to  bottom  or  to  a  bridge  in  the  hole,  no 
attempt  to  start  a  circulation  for  drilling  should  be  made  until  the  surface 
mud  is  first  circulated  and  brought  to  a  proper  temper. 

In  case  of  a  heavy  rain  it  is  best  to  stop  drilling  and  pumping,  and  pull 
up  oflf  bottom  before  the  circulation  thins  out.  With  a  good  mud  there  is 
no  danger  of  ''freezing  in''  even  if  the  drill  pipe  is  left  in  over  night.  A 
circulation  should  be  maintained  only  when  rotating.  Pump  pits  and 
mud  circulation  must  always  be  protected  against  surface  drainage  and 
rise  of  tide. 

Action  of  Water  and  Mvd. — Clear  or  turbid  water  flowing  on  the 
surface  will  erode  unconsolidated  materials,  the  rate  depending  upon  the 
velocity  or  grade  and  upon  the  volume.  It  has  also  a  solvent  or  slacking 
action  on  earthy  matter.  If  such  flow  was,  for  instance,  through  a 
shallow  ditch  it  might  perhaps  cause  the  banks  to  cave  sufficient  to  make 
a  meander  outside  of  the  dug  channel.  If,  however,  clayey  matter  is 
added  to  the  flowing  water  the  erosive  action  weakens  until  a  point  is 
reached  where  erosion  practically  ceases  and  the  suspended  matter  will 
b^n  to  build  up  and  protect  the  loose  material.  The  solvent  action  also 
will  be  very  much  weakened  and  in  such  a  case  a  shallow  ditch  in  loose 
material  will  tend  to  keep  its  shape  as  dug.  Clear  water  will  continue  to 
sink  in  sand  or  porous  material  in  quantity  for  an  indefinite  time. 
Turbid  water  wiU  gradually  render  sand  or  porous  material  impervious, 
but  the  suspended  matter  will  be  carried  in  and  deposited  in  the  sand 
to  a  considerable  depth.  A  good  mud  (or  mud-ladened  water)  will 
render  sand  or  porous  materials  impervious  almost  instantly  and  the 
penetration  of  the  mud  is  small.  These  are  all  matters  of  commop 
observation. 

If  clear  or  turbid  water  is  circulated  in  rotary  drilling  such  water  will 
erode  the  walls  of  the  well,  particularly  in  loose  sands  and  sandy  materials, 
and  cause  them  to  cave  and  to  lose  their  cylindrical  form. 

Sticky  clays  and  such  unconsolidated  strata  as  can  resist  the  erosion 
of  circulating  clear  water  will  drill  much  faster  with  it  than  with  mud,  on 
account  of  its  solvent  action.  It  is  a  matter  of  necessity,  however,  to 
start  with  and  keep  a  mud  circulation  of  a  standard  that  will  resist 
erosioQ  of  the  weakest  sand  strata,  if  the  well  is  to  be  kept  in  proper 
cyliadrical  condition  for  successful  cementation  and  completion.  If  the 
walls  of  a  well  in  sand  or  other  material  cave,  a  large  amount  of  such 
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material  will  come  out  with  the  overflow.    This  caving  increases  6Dor* 
mously  the  area  to  be  mudded  off. 

Gain  or  Loss  in  Mud. — In  rotary  drilling  there  is  always  a  slow  increase 
in  the  weight  of  the  circulating  mud.  When  the  mud  gets  too  heavy  a 
part  of  it  may  be  pumped  back  into  the  storage  pit  and  clear  water  slowly 
added  to  the  circulation  until  the  original  volume  and  standard  weight  are 
restored. 

In  drilling  a  15-in.  hole  through  sand  beds  the  amount  of  mud  lost 
should  be  observed.  For  instance,  in  my  drilling  through  60  ft.  of  coarse 
reddish  water  sand  the  pump  pit  would  have  mud  from  storage  drawn 
into  it  several  times,  equal  in  all  to  about  4  ft.  in  depth  by  9J  by  17  J 
ft.  area,  or  673  cu.  ft.  If  this  mud  is  one-third  to  one-half  material  in 
suspension,  there  would  be  226  to  337  cu.  ft.  of  material  to  lodge  in  the  pore 
space  in  the  sand.  The  porosity  of  sand  ranges  in  general  from  26  to  47 
per  cent.,  so  it  is  fair  to  assume  38  per  cent,  as  an  average.  If  we  assume 
that  the  mud  may  penetrate  the  walls  of  the  15-in.  well  2  ft.,  we  have  a 
column  of  sand  5  ft.  3  in.  in  diameter,  less  the  15-in.  core,  and  60  ft.  long, 
or  1,225  cu.  ft.,  having  a  porodty  of  456  cu.  ft.  to  hold  suspended  material. 
When  the  mud  was  properly  mixed  and  skillfully  used,  the  loss  to  the 
porous  strata  was  found  to  be  surprisingly  small,  and,  on  the  other  hand, 
the  amount  of  cuttings  brought  out  was  also  small  and  did  not  appear  to 
exceed  the  cubical  contents  of  the  hole  which  had  been  made. 

In  my  first  attempts  at  drilling  in  this  formation  too  much  clear  water 
was  sometimes  used,  resulting  in  caving  from  several  sandy  horizons  at 
the  same  time.  At  such  times  as  many  as  four  men  were  busy  shoveling 
away  the  sand  that  was  being  brought  out  in  the  overflow,  and  in  such 
cases  it  required  the  use  of  much  mud  to  stop  the  caving.  At  these  times 
there  was  also  danger  of  "freezing  in"  the  drill  pipe. 

The  Sampling  of  Drill  Cuttings, — It  is  extremely  difficult  in  rotary 
drilling  to  get  reliable  samples  of  the  material  passed  through.  If  clear 
or  turbid  water  is  used,  the  cuttings  tend  to  dissolve  or  separate  by  the 
jip^ging  action  of  the  ascending  circulation,  and  the  heavy  particles  lodge 
in  the  caves  and  erosions  in  the  walls  of  the  well  and  mix  with  the  caved 
materials.  It  is  very  difficult  in  such  cases  to  fiaid  any  material  in  the 
overflow  from  which  to  judge  the  strata  through  which  the  drill  has  just 
passed.  With  a  heavy  mud  there  is  much  less  dissolving,  mixing  and 
separating  of  the  drill  cuttings,  and,  on  washing  out  a  sample  of  mud, 
particles  may  be  found  which  fairly  indicate  the  material  just  drilled 
through.  I  found  that  a  No.  18  mesh  bronze  wire  mosquito  screen  set 
in  a  wood  frame  about  16  by  20  in.  made  a  good  screen  on  which  to 
separate  the  shells  and  coarse  particles  from  the  mud  by  washing.  Gas 
sands  can  be  recognized  by  their  porosity,  as  revealed  by  examination 
under  a  magnifying  glass  of  20  diameters.  Oil  sands  have  the  Bame  kind 
of  porosity  and  in  addition  can  be  recognized  by  their  taste. 
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After  setting  and  cementing*  in  a  casing  and  using  a  regular  mud,  in 
drilling  out  a  cementing  plug  it  was  observed  that  wood  cuttings  appeared 
in  about  25  min.  and  brass,  from  a  back-pressure  valve,  in  about  40  min., 
when  the  calculated  flow  would  have  taken  30  min.,  showing  the  accelera- 
tion by  floating  of  the  wood  and  retardation  by  sinking  of  the  brass. 

Open  Hole. — With  a  good  mud  and  skillful  working  there  was  no 
difficulty  in  drilling  700  ft.  of  15-in.  open  hole  before  setting  the  first  string 
of  casing  (llf  in.).  The  drill  passed  through  several  layers  of  fine 
water  sand,  having  a  total  thickness  of  perhaps  200  ft.;  through  100  ft. 
of  sandy  materials  and  shells,  and  400  ft.  of  clajrs  and  sticky  mud.  The 
short  ditch,  about  25  ft.  long  and  the  pump  pit,  previously  described, 
were  of  sufficient  settling  capacity,  because  the  proper  use  of  mud  did  not 
permit  the  sands  to  run.  Starting  with  the  storage  pit  full  of  thick  mud, 
it  was  not  found  necessary  to  mix  any  additional  mud  to  reach  a  depth  of 
700  ft.,  under  the  conditions  named.  As  a  matter  of  experience,  I 
driUedl,880ft.in  depth  of  8 J-in.  hole  with  the  rotary,  using  mud,  going 
through  three  well-known  water-bearing  loose  sands  with  strata  of  clays, 
shales,  shell  beds  and  some  sheets  of  rock,  and  then  set  a  string  of  6f -in. 
casing,  60  ft.  of  14-in.  0.  D.  drive  pipe  being  all  the  other  pipe  in  the  hole. 
There  was  no  caving  and  but  little  loss  of  mud.  The  work  was  done  in 
day  time  only  and  the  drill  pipe  was  many  times  left  in  over  night  with  no 
sign  of  sticking  or  freezing. 

First  String  of  Casing. — This  should  set  so  that  the  top  coupling  will 
come  just  above  the  3-in.  surface  plank,  and  so  that  a  drilling  nipple  can 
be  screwed  into  it.  This  nipple  should  have  a  6-in.  hole  cut  in  its  side,  so 
as  to  bring  the  overflow  from  the  well  as  high  up  as  possible  under  the 
derrick  floor.  A  wood  block  is  fitted  to  match  over  the  side  hole  and  a 
6-in.  pipe  flange  bolted  to  the  latter  and  the  whole  clamped  to  the  nipple. 
A  6-in.  pipe  is  connected  (with  nipples  and  two  elbows  to  make  a  swing)  to 
the  flange  to  carry  the  mud  circulation  of  the  derrick  to  an- overflow 
just  back  of  the  place  where  the  driller  stands  at  the  hoisting-drum  brake. 
The  advantages  in  bringing  the  overflow  up  to  this  point  are  that  it  can 
easily  be  seen  by  the  driller  and  that  there  is  a  better  chance  for  getting 
samples  of  cuttings  than  from  a  ditch.  Flash  boards  may  be  placed  across 
the  trough  to  act  as  riffles  to  catch  the  sand.  A  convenient  size  for  the 
trough  is  8  by  20  in.  inside  and  48  ft.  long.  This  is  blocked  up  as  high  as 
possible  and  still  permit  it  to  carry  the  mud  from  the  pipe  overflow  into 
the  end  of  a  sand  settling  pit  about  45  ft.  from  the  derrick.  This  pit  is 
made  by  banking  sod  30  in.  high  around  a  plot  about  10  by  30  ft.  From 
its  opposite  end  an  8  by  10  in.  trough  (made  of  2  by  10  by  16  plank)  carries 


»I.  N.  Knapp:  Cementing  Oil  and  Gas  Wells,  BuUeiin  No.  87,  pp.  471  to  4  88 
(Mar.,  1914). 


Digitized  by 


Google 


2792         THE  USE  OF  BHTD-LADENED  WATBB  m  DRILLIKG  WELLS 

the  mud  back  to  the  pump  pit.  This  8  by  10  in.  trough  is  sunk  into  the 
ground  toward  its  discharge  end  and  so  cuts  through  the  dike  around  the 
pump  pit  and  therefore  requires  a  dike  protection.  This  arrangement 
prevents  surface,  tide  or  ground  water  from  getting  into  and  thinning 
the  mud  and  was  absolutely  necessary  under  the  conditions  in  which  the 
work  was  done.  The  wear  and  tear  on  the  mud  pumps  is  much  re- 
duced by  thoroughly  separating  the  sand  from  the  mud. 

An  11-in.  fishtail  bit  with  6-in.  shank  and  drill  collar  (about  8  in. 
O.  D.)  on  one  joint  of  6-in.  pipe  and  a  string  of  4-in.  drill  pipe  were  used 
to  drill  through  the  II  f-in.  casing.  The  same  condition  of  tempering 
the  mud  in  the  surface  circulation  and  in  the  pump  pit  before  starting  to 
drill  should  be  observed. 

Experiences  in  Drilling. — After  the  casing  was  set  in  one  hole  at  about 
700  ft.  in  clay,  drilling  was  resumed  with  clear  water.  The  casing  shoe 
did  not  hold  against  the  difference  of  pressure  between  the  clear  water 
inside  and  the  thick  mud  outside  of  the  casing.  The  heavy  mud  outade 
slid  down,  followed  by  heaving  sand.  This  made  it  necessary  to  pull  out 
the  drill  pipe  to  prevent  freezing  and  thereafter  to  use  mud.  On  running 
in  again,  sand  was  found  bridging  the  hole  and  it  was  necessary  to  rotate 
and  wash  out  the  lower  200  ft.  of  casing,  using  a  proper  mud.  The  lower 
end  of  the  casing  was  thrown  out  of  line  so  much  by  caving  that  the  drill- 
pipe  couplings  would  sometimes  catch  under  the  casing  shoe.  Such 
experience  shows  the  need  of  cementing  in  each  string  of  casing  set  in 
unconsolidated  formations  and  the  necessity  of  keeping  up  at  all  times  a 
mud  of  proper  temper  which  is  suitable  for  the  work  in  hand.  I  found  no 
difficulty  in  keeping  1,200  ft.  of  hole  open  below  the  first  string  of  casing, 
with  mud,  and  controlling  all  water  and  gas  pressure  where  there  was  a 
proven  gas  pressure  of  660  lb.  at  about  1,600  ft.  in  depth.  I  do  not  know 
the  limit  in  depth  of  open  hole  that  can  safely  be  maintained  in  uncon- 
solidated material  when  mud  is  skillfully  used.  On  the  other  hand,  as  I 
have  shown,  one  can  get  in  serious  trouble  by  caving,  in  drilling  only  a  short 
distance  (less  than  100  ft.)  below  a  string  of  casing  when  clear  water  is 
circulated.  It  has  also  been  my  experience  that  the  circulation  of  clear 
water  in  a  well  drilled  with  cable  tools  in  hard  ground  may  bring  about 
serious  trouble  through  erosion  and  caving.  In  unconsolidated  material 
the  circulation  of  clear  water  would  mean  the  probable  loss  of  the  well. 

I  must,  therefore,  take  issue  with  geolo^sts  and  petroleum  engpineers, 
who  recommend  washing  out  wells  with  clear  water  before  cementing — not 
only  on  account  of  erosion  and  caving,  but  on  accoxmt  of  the  danger  of  gas 
blow-outs,  and  the  entrance  of  oil  and  ground  waters  having  a  deleterious 
action  on  the  setting  of  the  cement. 

I  have  drilled  to  2,007  ft.  with  the  mud  circulation  showing  a  tempera- 
ture of  72^  F.  The  well  on  being  bailed  established  a  flow  of  450  ^.  of 
water  per  minute  with  a  head  of  80  ft.  and  a  temperature  of  99  i^  F. 

Digitized  by  VjOOQ  IC 


THE  USB  OF  inTD-LADENlID  WATER  IN  DRILLIKG  WELLS  2793 

This  shows  that  by  circulating  mud,  hot  water  under  34  lb.  surface  pressure 
can  be  kept  back,  giving  ample  time  to  cement  in  a  casing  at  ordinary 
temperature. 

Invention  of  the  Use  of  Mud. — ^The  mixing  of  clay  with  circulating 
water  for  sealing  porous  strata  in  drilling  wells  is  mentioned  on  p.  167 
of  Bulletin  No.  212, 17.  S.  Geological  Survey  (issued  in  1903).  This  is  the 
earliest  written  mention  I  find  of  the  use  of  mud  in  any  kind  of  drilling. 

It  was  no  doubt  noted  early  in  drilling  by  the  hydraulic  rotary  method 
that  after  going  through  a  sand  or  porous  stratum  and  then  entering  into 
clay,  such  porous  material  was  rendered  impervious  by  the  clay  cuttings; 
also  that  caves  in  sand  were  built  up  and  plastered  over  by  such  cuttings. 

The  use  of  mixed  mud  appears  to  have  had  a  gradual  introduction 
during  the  past  20  years  and  is  not  the  invention  of  any  one  in  particular. 
The  testing  of  mud  by  weighing  as  set  forth  in  this  paper  is,  I  believe,  new. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  bbvibion] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  praeented  in  penon  at  a 
meeting  of  the  Institute.  If  this  is  impoeaible,  then  discuarion  in  writing  may  be  sent  to  the  Editor, 
American  Institute  of  Mining  En^eera,  29  West  39th  Street,  New  York,  N.  Y.,  for  preoentation  by 
the  Secretary  or  other  representatiTe  of  its  author.  Unless  special  arrangement  is  made,  the  discussion 
of  this  paper  will  close  Dec  1, 1914^  Any  discussion  offered  thereafter  should  preferably  be  in  the  form 
of  a  new  paper. 


Steep  Pitch  Mining  of  Thick  Coal  Veins 

BT  W.    O.  WHILDIN,    LANSFOBD,  PA. 
(Pittsburg  Meeting,  October,  1914) 

This  paper  will  be  confined  to  a  discussion  of  the  methods  in  use  in 
the  property  of  the  Lehigh  Coal  &  Navigation  Co.  in  the  Panther  Creek 
valley.  Only  the  methods  used  in  mining  the  Mammoth  vein  will  be 
considered/ as  the  methods  in  use  in  the  smaller  veins  are  adaptations 
of  the  same. 

Typical  crossnsections  of  the  coal  basin  are  shown  in  Figs.  1,  2,  and  3. 

The  Mammoth  vein  varies  in  thickness.  It  is  21  ft.  at  one  colliery, 
50  to  125  ft.  at  another,  and  over  200  ft.  at  still  another.  Its  normal 
thickness  is  35  to  40  ft. 

At  some  points  in  the  Panther  Creek  basin  the  Mammoth  vein  is  made 
up  of  three  splits — the  Bottom,  Middle,  and  Top,  while  in  other  portions 
the  dividing  strata  between  the  benches  amount  to  only  1§  to  2i 
ft.,  and  the  vein  is  practically  in  one.  The  section  of  the  Mammoth  vein 
shown  in  Fig.  4  was  taken  at  the  Greenwood  colliery,  and  shows  a  thick- 
ness of  60  ft.  The  miners  know  it  by  benches,  as  follows:  The  Three- 
Foot,  the  Four-Foot,  the  Eighteen-Inch  Slate,  the  Bony,  the  Grey  Slate, 
the  Grain  Clear,  the  Five-Foot,  the  Seven-Foot,  the  Slaty  or  Dirty 
benches,  the  Blue  Slate,  and  the  Top  bench. 

The  present-day  methods  of  mining  are  an  outgrowth  of  the  experiences 
of  the  last  100  years  in  this  territory.  The  first  attempt  at  mining,  ac- 
cording to  the  company's  maps,  was  made  at  Summit  Hill  in  1792,  when 
open  cuts  and  pits  were  made.  Later  the  pillar-and-breast  method  was 
introduced.    This  and  other  methods  will  be  discussed  hereinafter. 

Drifts,  slopes,  and  shafts,  according  to  the  requirements  and  physical 
conditions,  are  the  main  openings,  from  which  the  gangways  are  driven. 
The  gangways  (haulageways)  and  airways  are  driven  along  the  strike 
of  the  vein;  the  gangways  in  the  various  veins  on  the  same  level  being 
connected  by  tunnels  thrbugh  the  intervening  rock.  The  gangways  and 
airways  in  thick  veins  are  heavily  timbered  throughout.  The  sets  of 
timber,  consisting  of  a  collar  and  two  legs,  are  spaced  5  ft.  apart,  and 
later,  after  the  ground  has  settled,  additional  sets,  called  "liners"  or 
"relief  sets,"  are  placed  between,  to  relieve  the  strain  on  the  original 
timbers,  so  that  the  result  is  a  set  of  timber  every  2i  ft. 
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Fig.  4. — Sections  of  thb  Coal  Beds  in  the  Pantheb  Cbeek  Valley. 
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The  sizes  of  the  ordinary  timbers,  when  of  wood,  are:  Collar,  8  ft.  6  in. 
long  and  15  in.  diameter;  legs,  each  9  ft.  long  and  14  in.  diameter,  set  on 
a  batter  of  3  in.  to  the  foot.  A  section  of  the  gangwa3rs  in  the  clear, 
therefore,  is  7  ft.  6  in.  in  width  at  the  top  and  11  ft.  9  in.  in  width  at 
the  bottom  at  the  height  of  the  track,  and  7  ft.  6  in.  high  above  the 
track. 

The  size  of  the  timber  in  the  airways  is  10  to  12  in.  diameter  when  of 
wood,  and  the  size  of  the  opening  in  the  clear  is  5  ft.  in  width  at  the  top 
and  8  ft.  in  width  at  the  bottom,  and  6  ft.  in  height.  A  considerable 
amoimt  of  steel  timber  is  used,  the  sizes  being  for  gangways  a  10-in. 
I  beam,  26  lb.  per  foot,  for  collar,  and  8-in.  H  columns,  34  lb.  per  foot, 
for  legs;  for  airways,  a  9-in.  I  beam,  21  lb.  per  foot,  for  collar,  and  6-in. 
H  columns,  23.8  lb.  per  foot,  for  legs.  Some  6-in.  H  beams,  23.8  lb.  per 
foot,  are  being  tried  out  for  collars  instead  of  the  I  beams,  and  so  far  are 
giving  better  results.  Where  wood  is  subject  to  dry  rot  the  use  of 
steel  timber  has  been  very  successful,  but  where  there  is  a  constant 
squeezing  or  heaving  it  has  been  found  inadvisable  to  substitute  it  for 
wood.  A  very  considerable  saving  in  timbering  maintenance  has  been 
made  up  to  tUs  time  by  the  use  of  steel,  and  its  use  is  being  extended. 

AU  turnouts  and  permanent  openings,  where  timbering  is  necessary, 
are  being  timbered  with  steel,  and  sections  of  various  sizes  up  to  70  lb. 
per  foot  are  used,  according  to  the  requirements.  I  cannot  state 
at  this  time  what  the  average  life  of  a  set  of  steel  timber  in  a  gang- 
way will  be,  but  it  will  probably  be  at  least  10  years.  The  average 
life  of  wooden  timber  in  a  gangway  is  three  years.  In  many  instances 
wooden  timber  has  lasted  15  years,  and  in  many  others  it  has  lasted  less 
than  one  year,  depending  entirely  upon  the  physical  conditions.  There 
are  also  many  instances  where  it  was  almost  physically  impossible  to  hold 
open  certain  stretches  of  gangways  and  airways  until  after  steel  timber 
had  been  installed. 

Figuring  the  average  life  of  wooden  timber  as  three  years,  and  of  steel 
timber  as  10  years,  the  saving  made  by  using  steel  will  be  fully  100  per 
cent. 

A  notable  instance  of  the  saving  of  steel  timber  as  against  wood  was 
in  the  case  of  a  turnout  which  had  to  be  retimbered  every  nine  months 
at  a  cost  of  $20  per  set  for  labor  and  material.  The  steel  timber  cost 
$40  per  set  for  labor  and  material.  Steel  timbering  was  installed  four 
years  ago,  and  will  last  many  years  more.  It  will  be  seen  that  the  saving 
amounts  to  more  than  $60  per  set  to  the  present  time. 

We  use  practically  all  peeled  timber,  although  at  times  we  are  unable 
to  procure  it.  We  have  not  used  treated  timber  in  the  mines,  although 
some  of  the  other  anthracite  companies  have  experimented  rather  ex- 
tensively with  it  for  a  number  of  years  at  one  or  two  of  their  collieries. 
We  are  experimenting  with  steel  timbering  instead  of  wood  in  a  few  of  our 
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main  chutes,  those  which  will  have  to  be  held  open  for  five  or  six  yeare» 
and  believe  it  will  result  in  a  saving. 

The  proper  position  of  gangways  and  airways  with  reference  to  the  top 
and  bottom  rocks  is  sometimes  a  question.  In  veins  pitching  from  6(f 
to  vertical  the  gangways  and  airways  are  driven  along  the  top  rock,  for 
the  reason  that  the  loading  chutes,  on  about  30®  pitch,  can  be  driven 
back  from  the  top  rock  to  the  bottom  rock,  providing  a  safe  working  place 
for  loaders,  and  also  so  that  the  loose  coal  can  be  controlled.  In  veins 
with  lesser  pitches  the  gangways  are  driven  on  the  bottom  rock  and  the 
airway  along  the  top  rock. 


Fig.  6. — Method  of  Working  the  Mammoth  Vein,  Loweb  Level,  No.  8 

colliebt. 


The  distance  between  a  gangway  and  its  airway,  when  both  are  driven 
along  the  same  rock,  varies  according  to  conditions.  Years  ago  the  dis- 
tance varied  from  20  to  30  ft.,  while  during  the  last  few  years  it  has 
been  found  advantageous  in  some  cases  to  increase  this  distance  to  50 
ft.  in  the  sections  where  the  chutes  were  driven  on  60-ft.  centers,  resulting 
in  a  lower  maintenance  cost  of  the  gangways. 

The  method  of  opening  a  breast  is  as  follows  (see  Figs.  6  and  6): 
Chutes,  6  by  6  ft.,  partitioned  ofif  to  make  a  traveling  way  and  a  loading 
chute,  are  driven  from  the  gangway  on  a  pitch  of  22®  until  the  bottom  rock 
is  met,  and  then  up  the  pitch  of  the  bottom  rock,  to  the  height  at  which  it 
has  been  decided  to  have  the  stump  heading  or  bottom  breast  cross-cut. 
At  this  point  a  juggler  battery  is  put  in  tod  a  4  by  6  ft.  cross-cut  is  driven 
connecting  the  top  of  the  chute  with  the  top  of  the  next  chute.     This 
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cross-cut  is  used  for  ventilating  and  travel,  and  is  locally  known  as  the 
"bottom-breast  cross-cut." 

In  forming  a  breast,  the  "front"  manway  or  dog  hole  is  driven  on 
one  side  20  ft.  up  the  pitch  and  a  back  manway  carried  on  the  other 
side;  both  these  are  opened  oflF  the  bottom-breast  cross-cut.  The  open- 
ing between  the  back  manway  and  the  battery  collar  is  10  ft.  wide  and 
8  ft.  high,  and  this  opening  is  carried  up  the  pitch  and  gradually  widened 
until  it  reaches  the  top  of  the  dog  hole,  where  a  connection  is  made,  form- 
ing what  is  called  a  ''stump"  above  the  battery.  The  breast  is  now 
18  ft.  wide  between  the  manways.  A  length  of  manway  is  put  in  on 
top  of  the  dog  hole  and  the  first  cut-back  is  made  in  the  following  manner: 
The  top  of  the  dog  hole  forms  the  bottom  of  the  cut-back;  manways 
are  carried  on  both  sides  and  the  coal  is  blasted  18  ft.  wide  between  the 
manways  and  10  ft.  high  all  the  way  back  to  the  top  rock  of  the  vein. 
After  the  first  cut-back  has  been  completed  the  breast  is  driven  30  ft. 
farther  up  the  pitch,  where  the  second  cut-back  is  made.  The  second 
and  additional  cut-backs  are  similar  ^o  the  first.  Where  the  pitch  of  the 
vein  is  45**,  for  instance,  the  loose  coal  does  not  fill  the  whole  space  made. 
In  this  case  the  miners  carry  a  "path"  along  each  rib  of  the  cut-back. 
Two  miners  blast  the  coal,  each  traveling  his  own  path,  until  the  top 
rock  is  reached  and  all  the  coal  is  taken  out  between  the  first  and  second 
cut-backs.  The  breast  is  again  driven  up  the  pitch  15  ft.,  where  the 
third  cut-back  is  made  in  the  same  way  as  the  second.  If  the  breast 
does  not  run  away,  or  the  top  coal  does  not  fall,  a  cut  back  is  made  every 
15  ft.  up  to  the  old  level.  In  steep  pitching  veins  no  paths  are  neces- 
sary, the  miners  standing  on  the  loose  coal  to  make  the  cut-backs. 

It  frequently  happens  that  the  breast  runs  away  after  the  second 
or  third  cut-back  is  made,  in  which  case  a  chute  is  driven  along  the 
back  manway  of  the  breast  to  a  point  about  30  or  40  ft.  above  the  face, 
a  battery  is  put  in,  and  another  breast  is  driven  similar  to  the  one  just 
described.  If  this  breast  runs  away,  the  chute  is  carried  farther  up  the 
pitch  past  the  face  of  the  runaway  breast  and  another  breast  opened, 
probably  reaching  the  old  level. 

At  one  colliery  where  the  vein  is  practically  vertical  and  the  breasts 
are  driven  along  the  bottom  rock,  the  manways  are  driven  along  the 
top  rock,  and  this  has  been  found  of  great  assistance,  because  the  man- 
ways  are  not  so  liable  to  become  blocked  by  falls,  thus  interfering  with  the 
ventilation  of  the  breast. 

The  driving  of  breasts  as  I  have  just  described  is  the  common  practice. 

Where  the  vein  is  divided  into  its  various  splits,  a  diflferent  method 
is  used.  At  the  Tamaqua  colliery  there  are  a  bottom  and  a  middle 
split,  the  parting  slate  being  from  12  to  18  ft.  thick.  The  bottom 
split  is  7  ft.  thick  and  the  middle  split  4^  ft.  thick.  The  gangway  is 
driven  in  the  bottom  split,  as  is  also  the  airway,  40  ft.  above.    Rock 
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holeS;  50-ft.  centers,  are  driven  from  the  bottomnsplit  airway  to  the  middle 
split.  The  middle  split  is  mined  by  breasts  8  yd.  wide,  and  robbed 
by  skipping  the  pillars,  beginning  at  the  top.  After  the  completion  of 
the  robbing,  the  bottom  split  is  mined  in  the  same  way  directly  under- 
neath the  middle-split  breasts.  The  cost  of  coal  mined  by  this  method 
is  high  because  two  breasts  have  to  be  driven  for  12  ft.  thickness  of  coal. 

It  was  originally  planned  to  use  the  breast  method  in  the  middle 
split  and  the  chute  method  in  the  bottom  spUt;  the  chutes  being  driven 
while  the  breast  was  being  worked.  Care  was  taken,  however,  that  the 
robbing  at  the  top  of  the  chutes  in  the  bottom  split  was  not  commenced 
until  the  robbing  had  been  completed  at  the  top  of  the  breast  in  the 
middle  split.  It  was  found  that  as  soon  as  the  pillars  were  cut  in  the 
middle  split  there  was  so  much  squeezing  and  heaving  in  the  chutes  in 
the  bottom  split  that  it  was  almost  impossible  to  hold  them  open,  and  the 
plan  had  to  be  abandoned.  At  the  present  time,  breasts  are  being  driven 
in  both  ^splits  satisfactorily,  except  as  to  high  cost. 

Many  years  ago  breasts  were  driven  10,  12,  and  20  yd.  wide,  and 
in  the  old  Rhume  Run  tunnel  of  Nesquehoning  colliery  some  were  driven 
30  yd.  wide.  At  the  present  time  breasts  are  driven  8  yd.  wide,  and 
where  the  vein  is  free  not  more  than  6  yd.  wide.  I  should  say  about  40 
per  cent,  of  them  are  6  yd.  wide. 

As  the  width  of  breasts  has  decreased,  the  width  of  the  pillars  be- 
tween breasts  has  increased.  For  instance,  where  12-yd.  breasts  were 
driven  on  50-ft.  centers,  the  pillars  were  14  ft.  wide.  At  the  present 
time  6-yd.  breasts  driven  on  50-ft.  centers  give  a  width  of  pillar  of  32  ft. 

In  thick  veins  breast  work  is  preferable  to  chute  work,  especially 
where  there  is  a  good  supply  of  air.  The  amount  of  blasting  necessary 
is  very  much  less,  and  consequently  the  yield  of  prepared  sizes  is  larger. 
This  is  due  to  the  fact  that  aiter  the  first  cut-back  has  been  made  there 
is  a  loose  end.  Very  often  a  breast  will  run  away  after  the  second  or 
third  cut-back  has  been  made,  or  sooner  if  the  vein  is  soft,  and  2,000 
or  more  cars  will  be  loaded  out  before  the  breast  has  run  through  to  the 
old  lift  above.  However,  when  a  breast  runs  it  alwajrs  fills  with  gas, 
and  remains  so  until  it  has  run  through  to  the  old  workings,  and  this  con- 
dition requires  great  care  to  avoid  explosions. 

In  chute  mining  in  new  ground  the  chutes  are  driven  almost  to  the 
old  lift  above,  and  as  soon  as  the  upper  section  pf  the  vein  has  been 
worked  and  breaks  through  to  the  old  workings  there  is  not  much  further 
trouble  with  gas. 

The  coal  is  mined  by  driving  chutes  back  toward  the  top  rock,  where 
breasts  are  driven  first  along  the  top  rock,  and  later  up  the  pitch.  Re- 
treat is  made  down  the  main  chute  for  30  to  50  ft.  and  another  chute 
driven  to  the  top  rock,  and  the  operation  repeated.  This  method  is 
carried  on  until  the  chute  has  been  robbed  down. 
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All  the  coal  has  to  be  blasted,  as  heavy  falls  cannot  be  expected 
on  account  of  the  shortness  of  the  sections,  and  also  because  there  are 
no  loose  ends.  The  maintenance  cost  of  the  chutes  is  very  high.  The 
result  of  a  test  made  at  one  colliery  from  1907  to  1909  showed  that 
the  breast  method  cost  only  60  per  cent,  as  much  as  the  chute  method. 
However,  the  recovery  by  the  breast  method  was  only  92  per  cent,  as  much 
as  by  the  chute  method. 

The  most  important  question  in  mining,  especially  in  so  far  as  the 
ultimate  yield  of  the  vein  is  concerned,  is  the  robbing  of  the  pillars. 

In  the  early  mining,  the  practice  was  to  cut  the  pillars  at  the  bottom 
of  the  breast  by  stripping  a  slice  off  the  pillar  at  the  top  of  the  dog  hole 
and  bearing  into  and  cutting  it  through  if  possible.  It  was  followed  up 
the  pitch  until  it  became  dangerous  to  follow  any  farther,  or  until  the 
gob  from  the  old  breasts  rushed  in.  By  this  method  a  large  percentage 
of  the  pillar  was  left  standing,  as  the  heavy  rock  from  the  breast  would 
soon  rush  in  and  the  place  would  be  abandoned. 

A  later  method  was,  to  drive  a  chute  in  the  center  of  the  pillar  some 
distance  up  the  pitch,  where  the  pillar  was  cut  through  from  the  rib  of 
one  breast  to  the  rib  of  the  other.  A  larger  percentage  of  coal  was  ob- 
tained by  this  method,  but  it  was  soon  found  that  the  maintenance  cost 
was  very  high,  due  to  the  squeezing  of  the  pillars,  although  it  was  more 
successful  on  the  slighter  pitches  than  on  the  heavy  pitches.  On  the 
heavy  pitch,  the  coal  and  rock  coming  down  the  chute  knocked  the  timber 
out,  causing  heavy  maintenance  charges. 

Another  former  method  was  to  couple  up  the  old  manways  of  the 
breasts  on  each  side  of  the  pillar  and  put  in  a  battery  (the  old  breasts 
being  left  full  of  coal).  The  bottom  benches  were  taken  out  between 
the  manways  and  were  cut  back  in  the  middle  of  the  pillar  toward  the 
top  rock,  care  being  taken  to  leave  a  small  pillar  on  each  side  above  the 
old  manways  which  had  been  coupled,  in  order  not  to  break  them. 
After  these  pillar  breasts  had  been  driven  up  to  the  same  height  as  the 
face  of  the  old  breasts,  loading  was  commenced  from  the  three  batteries, 
trusting  that  the  small  pillars  over  the  manways  would  crush,  and  all 
of  the  coal  would  be  won.  This  method  was  found  objectionable,  as 
the  pillars  squeezed  so  much  that  it  became  too  dangerous  for  men  to 
continue  to  work,  and  they  were  seldom  able  to  drive  the  pillar  breast 
as  far  as  the  face  of  the  old  breast. 

The  chute  method  of  robbing  pillars  was  then  tried  out.  These  chutes 
were  driven  about  25  ft.  apart  and  to  within  30  ft.  of  the  old  level  above, 
and  robbing  commenced  at  the  top.  It  was  first  thought  that  by  this 
method  it  would  be  easier  to  reach  the  coal  between  the  chutes;  however, 
it  was  soon  noticed  that  so  many  openings  caused  such  a  general  squeez- 
ing in  the  chutes  that  it  was  almost  impossible  to  keep  them  open,  and 
in  fact  many  of  them  were  lost.    This  distance  between  centers  was  then 
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increased  to  50  ft.,  and  later  to  60  ft.  The  main  chutes  were  connected 
up  by  slant  chutes,  which  were  used  for  ventilation  and  later  for  robbing 
the  various  blocks  of  coal  in  the  pillar.  This  method  is  the  present 
practice. 


Slope  Level  Ele.  635.0 


Original  Drlrlnff 

Xl/VWUReopenlinr  and  Out  Backs 


FiQ.  7. — Method  of  Working  Breasts  and  Pillars,  East  Mammoth  Shatt 

Leybl,  Collibrt  No.  10. 

At  the  Greenwood  colliery  a  record  was  kept  of  every  step  in  the 
driving  of  two  adjoining  breasts  and  the  robbing  of  the  pillar  between 
(see  Figs.  7  to  9),  in  order  to  determine  what  recovery  of  the  vein  was 
being  made  by  the  method  in  general  use.  At  this  point  the  vein  was 
59  ft.  thick.    The  section  was  190  ft.  long.    The  total  contents  of  this 
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section  were  590,000  cu.  ft.  of  solid  coal,  or  8,260  mine  cars  of  125  cu.  ft. 
each.  There  were  loaded  out  5  442  mine  cars,  a  65.9  per  cent,  recovery. 
This  work  was  done  in  1909,  1910,  1911,  and  1912. 

The  method  of  robbing  the  pillar  was  as  follows:    Chutes  were 


FiQ.  8. — Method  of  Workinq  Breasts  and  Pillabs,  East  Mammoth  Shaft 

Level,  Colliery  No.  10. 


first  driven  along  the  man  ways;  slant  chutes  were  driven  across  the 
pil-ars,  and  a  chute  driven  back  almost  to  the  top  rock.  Then  a  breast 
was  driven  up  the  pitch  and  the  coal  mined.  Chutes  along  the  small 
pillars  between  this  breast  and  the  old  breasts  recovered  that  part  of  the 
vein.    After  all  of  the  coal  had  been  mined  near  the  top  rock,  another 
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breast  was  opened  off  the  main  chute  (driven  back  through  the  piUar), 
and  later  chutes  were  driven  to  mine  the  small  pillars  between  the  breast 
and  the  old  breasts.  When  all  of  the  coal  possible  had  been  mined  m 
this  way  toward  the  top  rock,  a  breast  was  opened  up  the  pitch  along  the 
bottom  rock.  Again  chutes  were  driven  to  mine  the  small  pillars  between 
this  breast  and  the  old  breasts.  After  all  of  this  had  been  done  the  upper 
part  of  the  pillar  was  supposed  to  have  been  robbed  completely;  then 
retreat  was  made  down  the  chute  about  30  ft.  and  a  main  chute  driven 
back  through  the  pillar,  and  the  whole  operation  repeated. 

The  drawings  show  a  network  of  chutes  and  breasts.    It  has  been 


Shaft  Level 

Fig.  9a. — Section  throxtgh  C-D  op  Fig.  9. 

found  by  experience  that,  in  order  to  recover  a  good  percentage  of  the 
coal,  where  the  vein  is  so  thick,  chutes  must  be  driven  in  any  and  all 
small  pillars  that  have  been  left  between  any  of  the  breasts  or  chutes. 

Notes  to.Fig,  10.     (See  opposite  page.) 

A,  Rock  Chutes,  Skidmore  to  Bottom  Split  of  Mammoth.    About  30  ft.  long  on 
35*,  6  by  8  ft.  Chute,  120-ft.  centers. 

B,  Slant  Chutes  on  Bottom  Rock  of  Bottom  Split  of  Mammoth.    About  70  or 
80  ft.  long  on  36^  6  by  6  ft.  Chutes. 

C,  Straight  Chutes  up  the  Bottom  Rock  of  Bottom  Split  of  Mammoth.    About 
20  ft.  long  on  70^  5  by  6  ft.  Chute. 

D,  Breasts  on  Bottom  Rock  of  Bottom  Split  of  Mammoth.    About  160  ft.  long 
to  surface  on  70®,  8-yd.  breast,  50-ft.  centers. 

E,  Tapping  Chutes  from  Bottom  Split  to  Middle  Split  of  Mammoth.    Used  as 
batteries  for  running  coal. 
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In  every  case,  however,  the  pUlar  being  robbed  must  be  controlled;  it 
cannot  be  allowed  to  run  away. 

The  reworking  of  old  territory  is  always  an  interesting  problem 
Years  ago  it  was  the  practice  to  reopen  an  old  gangway  in  the  vein,  and  as 
a  rule  the  cost  was  heavy,  especially  if  the  ground  had  not  been  standing 
long  enough  to  settle  thoroughly.  In  some  instances  ground  has  settled 
in  six  or  seven  years,  while  other  ground  has  not  settled,  in  15  years. 
The  most  satisfactory  way  to  rework  the  old  Mammoth  territory  has  been 
by  driving  the  gangways  in  the  Skidmore  vein  and  driving  rock  chutes  to 
the  Mammoth  vein.  At  first  these  rock  chutes  were  driven  about 
100  ft.  apart.  This  distance  has  now  been  extended  to  120  ft.,  140  ft., 
and  even  150  ft.  at  one  colliery.  The  rock  chutes  are  connected  at  the 
top  with  slant  chutes;  then,  about  10  ft.  o£f  the  rib  of  the  rock  chute,  main 
chutes  are  driven  straight  up  the  pitch,  and  these  main  chutes  connected 
by  slant  chutes  across  the  pitch.  These  slant  chutes  provide  ventilation 
and  also  determine  the  location  of  any  pillars  which  had  not  been  worked. 
At  several  collieries  where  the  pitch  is  almost  vertical,  a  straight  or  box 
chute  about  40  ft.  in  length  is  driven  up  the  pitch  from  the  apex  or 
meeting  point  of  the  two  slant  chutes  (Fig.  10).  At  the  top  of  the  box 
chute  two  other  slant  chutes  are  driven,  and  again  at  their  meeting 
points  a  box  chute  is  put  in.  This  is  continued  and  we  are  able  to  reach 
up  the  pitch  any  distance  desired.  In  many  cases  we  have  driven  up  the 
pitch  over  400  ft.  This  method  has  proved  its  value  and  at  all  times 
the  miners  are  held  safe. 

As  a  rule  this  system  of  chutes  is  made  in  the  bottom  bench  of  the 
vein,  which  in  most  cases  has  been  found  solid;  the  reason  being 
that  the  coal  was  extremely  hard  and  could  not  be  mined  at  a  profit  many 
years  ago.  At  intervals,  holes  are  driven  through  the  18-in.  slate  into 
the  middle  and  top  benches  of  the  vein,  and  the  gob  from  the  old  breasts 
is  drawn  out.  Where  the  gob  is  of  such  a  nature  that  it  can  be  driven 
through,  chutes  are  driven  on  a  pitch  of  30**  to  35®  through  the  vein  into 
the  top  rock.  A  pitch  of  35**  is  not  too  heavy  through  gob,  as  more  rock 
has  to  be  handled,  and  the  gob  itself  is  sticky  or  gummy.  Where  the 
bottom  bench  has  been  worked,  it  is  necessary  to  do  all  of  the  opening 
work  for  robbing  purposes  in  the  gob.  On  the  steep  pitches  we  prefer  to 
make  the  chutes  on  a  pitch  of  from  30**  to  35**  and  drive  across  the  vein 
(along  the  strike)  or  else  directly  through  it  (at  right  angles  to  the  vein), 
for  the  reason  that  in  the  gob  it  is  necessary  to  protect  the  roof  of  the 
chute  by  driving  poles,  6  to  10  ft.  in  length  and  4  to  6  in.  in  thickness, 
ahead  of  the  actual  working  face,  to  give  full  protection  for  the  placing  of 
the  next  set  of  timber. 

It  is  readily  seen  that  in  loose  ground,  if  the  chutes  were  driven 
directly  up  the  pitch  on  say  70**,  the  poling  process  would  be  of  no 
benefit,  and  miners  would  be  in  danger  from  falls  of  material. 
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In  driving  rock  chutes  from  the  Skidmore  to  the  Mammoth  vem,  the 
question  often  arises  as  to  the  economical  spacing  of  the  rock  chutes, 
due  to  the  varying  thickness  of  the  rock  between  the  two  veins.  Our 
experience  has  been  that  where  the  rock  is  30  ft.  thick  the  chutes  can 
be  driven  100  ft.  apart;  40  ft.  thick,  120  ft.  apart;  and  90  ft.  thick,  150 
ft.  apart. 

About  1891,  when  the  fourth  and  fifth  levels  at  the  Coal  Dale  colliery 
were  opened,  the  gangways  were  made  in  the  Skidmore  vein  and  rock 
chutes  driven  every  50  ft.  to  the  Mammoth  vein.  These  chutes  were 
about  30  ft.  in  length  and  on  a  pitch  of  35**.  The  mining  in  the  Mammoth 
vein  was  done  according  to  the  usual  methods  which  I  have  described. 
These  Skidmore  gangways  required  a  great  deal  of  repair,  due  to  the 
very  poor  top  rock  of  the  Skidmore  vein  at  this  colliery,  and  also  to  the 
small  distance  between  the  chutes. 

At  one  colliery,  where  the  pitch  varies  between  80*^  and  90^  a  some- 
what different  system  of  slant  chutes  was  adopted.  The  slant  chutes 
were  driven  across  the  pitch  at  about  30^  and  along  the  bottom  rock. 
At  the  junction  point  of  the  slant  chutes  a  chute  was  driven  through  the 
vein  to  the  top  rock,  then  turned  back  again  to  the  bottom  rock  and 
slant  chutes  again  driven.  There  are  a  number  of  instances  where  more 
than  1,000  ft.  of  such  chutes  have  been  driven  from  the  top  of  one  of 
these  rock  chutes. 

In  other  cases  (depending  upon  the  conditions),  instead  of  driving 
the  rock  chute  from  the  Skidmore  to  the  Mammoth,  a  chute  has  been 
driven  up  the  pitch  in  the  Skidmore  to  the  predetermined  height,  and 
then  a  rock  chute  driven  into  the  vein,  the  object  being  to  make  the 
opening  above  the  point  where  the  breast  has  run  away  and  filled  with 
rock.  Where  we  have  been  able  to  work  this  method  it  has  proved 
successful. 

A  variation  of  this  method  is  being  tried  out  at  the  Lansford  No.  4 
colliery  (Fig.  11),  where  the  vein  is  on  a  pitch  of  72®.  The  rock  chutes 
are  driven  from  the  Slddmore  gangway  to  the  Mammoth,  and  from 
the  top  of  these  chutes  long  slant  chutes — 7-ft.  collar  and  7-ft.  leg — on 
a  pitch  of  35°  are  driven  along  the  bottom  slate  of  the  Mammoth  vein 
to  the  bottom  of  the  old  breaches  on  the  surface.  This  is  being  done 
for  the  purpose  of  re-robbing  the  old  workings  between  the  old  Water 
Level  gangway  and  the  surface,  the  lift  being  about  300  ft.  From 
these  slant  chutes,  straight  chutes — 5-ft.  collar  and  5-ft.  1^5 — are  driven 
up  the  pitch  at  about  35-ft.  centers,  depending  upon  the  condition  of 
the  gob.  The  robbing  work  is  started  at  the  top  and  is  continued  down 
the  pitch.  Great  care  is  taken  to  keep  the  robbing  faces  far  enough  ahead 
of  the  chutes  driven  later,  in  order  to  not  bring  on  a  squeeze. 

Still  another  variation  is  being  tried  out  at  Lansford  No.  4  colliery, 
fourth  or  Slope  Level.    This  plan  (Fig.  12)  differs  only  from  the  scheme 
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used  in  the  Water  Level,  just  mentioned,  in  that  a  6  by  8  ft.  chute  is 
driven  from  the  Skidmore  gangway  straight  up  the  pitch  in  the  Skidmore 
vein  for  15  ft.,  these  chutes  being  spaced  140  ft.  apart  on  the  gangway. 
From  the  top  of  the  straight  chutes,  slant  chutes  on  a  pitch  of  35^,  6  by 
8  ft.  in  size,  are  driven  along  the  bottom  rock  of  the  Skidmore  vein  for 
about  80  ft.  and  connected  at  the  top.  From  that  point  a  rock  chute— 
6  by  8  ft. —  on  a  pitch^of  35®  is^driven  back  to  the  Manmioth  vein,  about 
30  ft.;  then  long  slant  chutes  are  driven  on  33®  pitch  along  the  bottom 
rock*of  the  Mammoth  vein  to  the  old  level  above.  The  intention  was 
to  strike  the  Mammoth  vein  above  the^batteries  of  the  old  breasts  which 
were  filled  with  rock. 

We  have  lately  arranged  to  make  further  tests  of  these  schemes  in 


FiQ.  13. — Cboss-Section  Showinq  Obiginal  MiNiNQ  AND  Pbbbbnt  R<XBBiNaor 
Mammoth  Vein,  Water  Level,  Coal  Dale  Collibbt. 


working  new  territory,  in  order  to  make  comparisons  with  the  results  ob- 
tained from  the  old  established  pillar-and-breast  method. 

The  question  naturally  arises,  which  is  the  better  of  these  chute 
plans.  The  chute  yardage  driven  is  practically  the  same  in  both  methods, 
with  a  little  saving  made  in  the  long  slant  chute  method.  The  great 
advantage  of  the  long-chute  method  over  the  box-chute  method  lies  in  the 
flow  of  the  coal  throughout  practically  all  of  its  course  on  the  light 
pitch,  causing  very  much  less  breakage;  the  only  real  drop  of  the  coal 
being  in  the  straight  chute  immediately  at  the  robbing  point.    In  the 
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box-chute  method  there  is  bound  to  be  considerable  breakage  in  the 
straight  box  chutes  unless  they  are  kept  full  at  all  times,  and  this,  we 
know,  is  frequently  neglected  by  the  workmen.  At  best  there  is  bound 
to  be  a  certain  amount  of  grinding  of  the  coal  in  the  box  chutes. 

In  many  cases  the  present  working  is  the  fourth  mining  of  the  same 
piece  of  territory.  The  results  of  the  old  mining  showed  that  on  the 
first  mining  30  per  cent,  had  been  recovered;  in  the  first  robbing,  16  per 
cent.;  in  the  second  robbing,  8  per  cent.;  and  in  the  present  working,  10 
per  cent. 

At  Coal  Dale  No.  8  colliery  workings,  about  60  years  ago  the  first 
gangway  was  driven  in  the  Mammoth  vein  along  the  bottom  rock,  and 
mining  was  done  by  the  old  pillar-and-breast  method.  After  the  gang- 
way had  been  driven  to  its  limit  it  was  robbed  out.  About  15  years  later 
another  gangway  was  driven  through  the  same  territory  along  the  top 
rock  of  the  vein,  and  this  in  turn  was  robbed  out.  About  30  years 
ago  another  gangway  was  driven  at  a  level  about  midway  between  the 
two  gangways  just  mentioned  and  the  crop;  later  the  gangway  was 
robbed  out.  Five  years  ago,  believing  there  was  a  large  quantity  of  coal 
to  be  won  in  this  territory  from  the  Mammoth  vein,  we  began  to  drive  a 
gangway  in  the  Skidmore  vein  30  ft.  imdemeath  the  Mammoth  and  drove 
rock  chutes,  100-ft.  centers,  to  the  old  Mammoth  workings.  We  figure 
the  present  recovery  from  this  section  at  10  per  cent. 

If  the  present  method  of  mining — that  is,  mining  the^Mammoth  vein 
from  the  Skidmore  vein  by  means  of  rock  chutes — had  been  adopted  in 
the  original  mining,  there  could  have  been  recovered  not  only  the  10 
per  cent,  now  being  obtained,  but  also  the  54  per  cent,  recovered  by 
means  of  the  three  gangways  and  their  airways  above  mentioned,  with 
their  various  breasts  and  chutes. 

The  writer  had  a  record  kept  of  the  recovery  and  the  cost  of  working 
900  ft.  of  this  territory  during  the  past  five  years,  and  estimates  that  the 
$45,000  or  $50,000  which  these  old  openings  cost  could  have  been  saved. 
The  cross-section  (Fig.  13)  of  the  vmn  shows  the  position  of  the  old 
gangways  and  the  present  Skidmore  gangway. 

In  mining  very  thick  veins  on  steep  pitches,  it  will  alwaysj^be  possible, 
even  though  the  most  improved  methods  are  used  in  the  original  mining, 
to  win  some  coal  by  re-mining,  but  the  cost  of  obta  ning  what  remains 
will  depend  upon  market  and  wage  conditions,  and  may  be  prohibitive. 

Many  years  ago  no  coal  except  that  of  the  very  best  fracture  and  best 
appearance  was  mined,  because  it  was  the  only  kind  found  salable.  Also, 
only  sizes  above  chestnut  (made  over  a  J-in.  round  screen)  could  be 
sold.  In  recent  years,  all  sizes  including  No.  4  buckwheat  (made  over 
a  iV-in.  round  screen)  are  easily  salable,  and  as  a  consequence,  territory 
that  years  ago  could  not  possibly  be  mined  at  a  profit  can  now  be  made 
to  pay. 
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It  has  been  found  of  great  advantage  to  make  panels  of  a  territory 
where  coal  is  virgin  or  where  the  distance  between  the  Skidmore  and  the 
Mammoth  veins  is  too  great  for  practical  use  of  rock  holes.  The  length 
of  these  panels  depends  upon  the  distance  between  the  veins;  the  panels 
in  some  cases  being  600  ft.  long,  and  var3ring  up  to  1,200  ft.  The 
paneling  system  has  been  very  much  extended  during  the  last  five  or  six 
years  in  the  Panther  Creek  field,  and  the  results  have  been  so  satisfactory 
that  the  new  lifts  are  being  laid  out  and  worked  on  this  plan.  At  prac- 
tically all  points,  none  of  the  veins  underljring  the  Mammoth  are  work- 
able. The  haulageway  is  being  made  in  the  Skidmore  vein,  which  varies 
from  a  thin  leader  to  3  ft.  in  thickness,  and  tunnels  are  being  driven  at 
1,000-ft.  intervals  from  the  Skidmore  to  the  Mammoth,  Primrose,  and 
Orchard  veins,  and  gangways  opened  in  both  directions  off  the  tunnels, 
thus  making  a  section  of  about  500  ft.  of  each  gangway  which  can  be 
mined  and  robbed.  This  will  allow  an  increased  number  of  working 
faces,  and  also  a  greatly  reduced  time  through  which  the  gangways  must 
be  maintained.  In  years  to  come  this  will  result  in  a  great  saving  in 
the  mining  of  the  Mammoth  vein. . 

Where  a  panel  tunnel  is  driven  a  pillar  is  left  over  it,  this  pillar  being 
recovered  when  the  gangway  is  being  robbed  out.  Every  10  breasts 
a  solid  block  of  coal  is  left;  that  is,  the  coal  which  would  be  mined  by  the 
eleventh  breast  is  left  solid  with  the  exception  that  the  gangway  and 
airway  are  driven  through  it.  This  block  is  mined  on  the  retreat.  The 
reason  is  that  in  case  of  a  mine  fire  a  solid  piece  is  available  from  which 
to  begin  the  fight  to  extinguish  the  fire.  These  pillars  also  have  a 
checking  effect  on  a  "creep." 

Experience  has  shown  that  when  the  Mammoth  gangway,  where  the 
vein  is  50  to  60  ft.  thick  or  thicker,  is  being  robbed  out  the  best  results 
are  obtained  by  bringing  back  the  face  80  to  120  ft.  per  year.  To  many 
people  this  has  seemed  unnecessarily  s)ow,  and  many  attempts  have  been 
made  to  hasten  the  work;  but  in  every  case  there  has  been  a  very  de- 
cided loss  in  the  amount  of  coal  recovered.  This  is  due  to  the  disturb- 
ance of  the  thick  vein  matter  causing  a  general  squeeze  a  considerable 
distance  back  from  the  point  of  actual  robbing  and  making  the  main- 
tenance of  the  gangway  not  only  costly  but  almost  a  physical  impossi- 
bility. In  some  instances  a  couple  of  hundred  feet  of  gangway  has  been 
lost,  owing  to  quicker  robbing  than  that  mentioned. 

When  opening  a  new  colliery  or  a  new  lift  at  an  old  colliery,  the 
question  often  arises  whether  it  is  not  better  to  drive  gangways  and  air- 
ways to  the  boundary  limits  before  opening  breasts;  also  whether  it  is 
advisable  to  open  two  lifts  instead  of  one.  I  believe  that  with  the 
proper  system  of  paneling  better  results  can  be  attained,  because  it  is 
possible  to  have  several  working  faces  instead  of  one,  enabling  a  quicker 


Digitized  by 


Google 


STEEP  PITCH  MINING  OP  THICK  COAL  VEINS  2819 

development.  These  panels  can  then  be  robbed  out  in  a  reasonable  time, 
thus  preventing  heavy  timber  maintenance  cost. 

With  the  system  of  driving  the  gangways  %q  the  limit  there  is  a  period 
when  nothing  but  development  work  can  be  done,  and  later  nothing  but 
robbing  work,  whereas  in  the  paneling  system  some  sections  can  be 
robbing  while  others  are  developing,  thus  keeping  the  product  of  more 
uniform  quality. 

The  driving  of  the  gangways  and  airways  in  the  Skidmore  vein  has  not 
only  reduced  the  timbering  expense,  but  it  has  improved  the  ventilation, 
for  the  reason  that,  the  vein  being  so  thin,  there  are  no  falls  to  block  the 
airways. 
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Dip  Chart 

Disouasion  of  the  paper  of  HowLAin>  Bancroft,  presented  at  the  Salt  Lake  meeting, 
August,  1914,  and  printed  in  BvUeHn  No.  91,  July,  1914,  pp.  1767  to  1769. 

Theodobb  Simons,  Butte,  Mont,  (communication  to  the  Secretary*). 
— ^While  preparing  maps  and  models  for  use  in  mining  litigations  the 
writer  was  frequently  confronted  with  the  problem  referred  to  in  Mr. 
Bancroft's  paper.  His  chart  gives  the  apparent  angle  of  dip  with  which 
a  vein  should  be  plotted  on  a  vertical  section  not  at  right  angles  to  the 
strike  of  the  vein.  For  a  quick  determination  of  this  apparent  angle  the 
writer  has  used  an  exceedingly  simple  graphical  method,  which  he  believes 
may  prove  helpful  to  engineers  engaged  in  practical  work.  It  is  submitted, 
not  as  a  criticism  of  Mr.  Bancroft's  paper,  but  as  a  means  of  solving  the 
same  problem  when  no  chart  is  available  and  when  calculations  would 
consume  too  much  time. 

The  writer's  method  requires  merely  a  few  lines  marked  off  on  a  piece 
of  tracing  cloth,  as  shown  in  Fig.  1 :  Draw  line  be  on  any  convenient  scale. 
At  b  erect  a  perpendicular,  ba.  By  means  of  a  protractor  cut  oflF  on  6a 
a  number  of  angles  within  the  probable  range  of  variation  of  dip,  so  that  a 
.  Une  connecting  a  and  c,  for  instance,  forms  an  angle  of  60°  with  be,  etc. 
With  b  as  a  center  and  6c  as  a  radius,  draw  a  circle  through  c.  This 
completes  the  tool  for  solving  the  problem. 

Fig.  2  represents  the  line  of  strike  of  the  vein  and  db  the  trace  of  the 
vertical  plane  on  which  the  vein  is  to  be  plotted  with  the  apparent  angle 
of  dip.    A°  is  the  angle  which  this  plane  makes  with  the  strike. 

Fig.  3  shows  the  application  of  the  method:  Place  line  cb  of  tracing 
over  line  db  of  Fig.  2  and  move  fore  and  back  until  line  of  strike  becomes 
tangent  to  the  circle.  Connect  d  with  the  point  (a)  that  marks  the  true 
angle  of  dip  as  found  by  measurement  in  the  mine  (60^  in  the  case  illus- 
trated). The  angle  adb  is  the  apparent  angle  of  dip  fC°)  to  be  used  in  the 
vertical  section. 

Proof. — ^As  stated  in  Mr.  Bancroft's  paper,  the  apparent  angle  of  dip 
is: 

tan  C^  =  sin  A°  tan  S^  (1) 

From  Fig.  4,  which  is  the  same  as  Fig.  3  with  a  few  lines  added  for  sake 
of  demonstration,  we  have: 

ab 


,  ,  =  tan  C°  whence  a6  =  6d  tan  C°; 


also 

db 


,    =  tan  J5°  whence  ab  ==  be  tan  B°; 


*  Received  July  28,  1914.  ^  . 
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Fig.  1 
To  be  drawn  on       ^ 
tradner  cloth  / 


/A      K 

/— M! 


Fig.  2 


Trace  of  vertical  plane 


Fias.  I  TO  4.— Method  op  Using  Dip  Chart. 
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whence 

bd  tan  C°  =  6c  tan  B^; 

or 

tan  C  =  ^  tan  B^ 

From  Fig.  4, 

6c       be        .40 
6d  =  M  =  ^^ 

2823 


(2) 


Introducing  in  equation  (2)  we  get: 

tan  C^  =  sin  A^  tan  B^  (3) 

This  is  the  same  as  equation  (1)  and  shows  that  angle  C^  in  Fig.  4  is  the  . 
required  angle. 

Frank  A.  Linforth,  Butte,  Mont,  (communication  to  the  Sec- 
retary*).— Referring  to  Rowland  Bancroft's  paper,  entitled  Dip  Chart, 
and  also  to  the  various  other  charts  and  formulse  for  the  correction  of  dip 
in  making  geologic  cross-sections,  I  would  like  to  emphasize  the  im- 
portance of  making  these  corrections  and  to  call  attention  to  the  method 
used  by  the  geological  department  of  the  Anaconda  Copper  Mining  Co. 
for  this  work. 

Cross-sections  are  used  extensively  in  Butte  for  laying  out  develop- 
ment work  in  the  mines,  for  checking  the  interpretation  of  geologic 
facts  on  the  separate  level  maps,  and  to  some  extent  in  legal  work. 
They  are  not  generalized  drawings,  but  accurate  records  based  on  ob- 
served facts,  and  great  care  is  taken  to  make  them  geometrically  as  well 
SL3  geologically  correct.  The  complex  structure  of  the  Butte  district 
with  its  east-west,  northwest,  and  northeast  systems  of  veins  and  faults 
renders  necessary  the  corrections  for  dip  on  almost  every  cross-section. 
If  a  section  is  laid  out  at  right  angles  to  any  one  system  of  veins,  the 
observed  dips  for  that  system  can  be  platted  without  alteration,  but, 
obviously,  the  observed  dips  for  the  other  two  systems  must  be  cor- 
rected before  platting  if  they  are  to  appear  properly  on  that  section. 
There  are  many  examples  in  the  geologic  work  at  Butte  where.it  has 
been  necessary  to  make  accurate  vein  correlations  between  new  or 
partly  developed  mine  levels.  In  some  of  these  cases  there  have  been 
a  number  of  veins  to  choose  from  and  the  correct  correlations  have  come 
from  the  application  of  corrected  dips  on  the  sections.  That  these 
correlations  are  correct  is  invariably  proved  by  later  developments  in 
the  mines. 

Formerly  these  corrections  were  roughly  calculated.  More  re- 
cently D.  F.  Hewett's  excellent  chart  referred  to  in  Mr.  Bancroft's 
paper  was  enlarged  and  used  in  the  routine  work  of  the  office.  As 
a  wall  chart,  however,  it  was  found  to  be  less  convenient  than  a  tabu- 
lated arrangement  of  values  in  which  the  angles  of  intersection  with  the 
section  appeared  across  the  top  of  the  sheet  and  the  angles  of  observed 

♦  Received  Sept  21, 1914. 
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dip  were  shown  in  the  left-hand  margin.  The  required  value  is  found 
at  the  intersection  of  the  vertical  and  horizontal  columns  under  the  proper 
headings.  This  is  believed  to  be  a  better  scheme  than  using  the  curves, 
but  both  are  now  supplanted  by  a  small  instrument  devised  and  patented 
by  the  writer.  This  instrument,  Fig.  5,  is  a  symmetrically  designed 
box  li  in.  square,  and  about  8  in.  long.  A  small  square  opening  is 
cut  in  the  top  of  the  box  near  each  end.  One  opening  bears  the  desig- 
nation, "Angle  with  section";  the  other,  "Observed  dip."  The  ob- 
served values  are  made  to  appear  in  their  respective  openings  by  turn- 
ing small  knobs,  one  at  each  end  of  the  box.  Increments  of  5^  are  used 
and  this  interval  is  found  to  be  satisfactory  for  practical  purposes,  al- 
though in  a  slightly  larger  instrument  this  interval  could  be  diminished. 
As  soon  as  the  observed  values  are  set,  the  required  value  appears  as  a 
definite  number  of  degrees  in  an  opening  cut  in  the  top  of  the  box.     No 


Fio.  6. — ^Thb  Dipombtbr. 

other  numbers  appear  and  no  chance  for  error  is  introduced,  provided 
that  the  observed  data  are  properly  set  up.  All  confusion  is  removed, 
and  the  determination  is  made  much  more  rapidly  than  by  tracing  out  a 
curve  on  a  chart  or  figuring  from  a  formula. 

The  construction  of  the  instrument  is  very  simple.  The  values 
of  the  required  angle  were  figured  from  the  various  dips  and  angles 
with  the  section  and  were  tabulated.  The  sheet  of  figures  thus  ob- 
tained was  mounted  on  a  cylinder,  and  set  in  the  box  so  that  it  could 
be  easily  rotated  by  one  of  the  knobs.  A  cylindrical  shell  in  which 
certain  openings  had  been  cut  was  placed  over  the  first  one,  and  its 
rotation  about  the  common  axis  is  controlled  by  the  other  knob.  The 
indices  were  then  adjusted  so  that  the  proper  value  appears  for  any  given 
set  of  angles. 

The  small  dimensions  of  the  device,  the  ease  of  making  the  deter- 
minations, and  the  absence  of  chance  for  error  make  this  method  ideal. 
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Melting  of  Cathode  Copper  in  the  Electric  Furnace 

Diacuasion  of  the  paper  of  Dobset  A.  Lton  and  Robert  M.  Eebnbt,  presented  at  the 
Salt  Lake  meeting,  August,  1914,  and  printed  in  BtiUeUn  No.  92,  August,  1914, 
pp.  1791  to  1800. 

Lawrence  Addicks,  Chrome,  N.  J. — I  read  this  paper  for  the  first 
time  this  afternoon,  and  it  is  really  worthy  of  a  much  more  careful  reply 
than  I  can  make  with  such  a  short  time  to  consider  it,  but  I  just  want 
to  say  that  I  differ  with  Dr.  Lyon  in  his  premises  and  conception  of  what 
happens  in  a  refining  furnace.  He  cites  steel  as  an  instance  where 
the  production  of  special  grades  justifies  the  high  cost  of  power  in  an 
electric  furnace,  and  goes  on  to  say  the  same  will  be  true  in  the  case  of 
copper,  for  the  reason  that  you  will  get  a  better  quality  of  product.  I 
don't  think  you  will  get  a  higher  grade  of  copper,  or  a  better  conduc- 
tivity, as  I  will  explain  in  a  moment.  The  cost  of  fuel  in  the  Eastern 
plants  is  somewhere  between  30c.  and  40c.  per  ton  of  copper  refined, 
and,  if  my  memory  serves  me  correctly,  in  an  open-hearth  steel  furnace 
it  is  something  like  $1.25,  so  it  is  evident  that  steel  could  be  handled 
to  better  advantage  than  copper  on  the  basis  of  fuel.  Now,  taking  the 
Great  Falls  plant  to  compare  with  is  not  quite  fair,  because  that  plant 
operates  under  peculiar  conditions.  The  furnaces  are  relatively  small; 
the  coal  is  very  bad  and  is  very  high  in  sulphur.  No  one  would  think 
of  using  a  coal  with  3.6  per  cent,  sulphur  were  anything  better  avail- 
able. Due  to  these  conditions,  the  amount  of  slag  is  inordinate,  it 
being  quoted  as  3.5  per  cent.,  and  it  is  necessary  to  use  lime,  as  there 
is  a  tendency  to  have  troubles  from  arsenic  owing  to  the  very  high  cur- 
rent density  used.  I  think  he  has  taken  about  as  hard  a  case  as  he 
could  pick  out.  Now  as  to  the  conductivity  of  copper,  my  own  idea 
about  the  reason  that  melted  copper  does  not  give  as  high  a  conductivity- 
as  pieces  drawn  directly  from  a  cathode,  or  native  copper,  is  that  in 
the  latter  case  the  impurities  are  present  as  a  mechanical  mixture, 
while  after  melting  they  are  chemically  combined  with  the  copper, 
which  is  a  very  different  condition.  Further,  it  is  necessary  to  take  the 
sample  from  a  relatively  smooth  and  consequently  pure  part  of  the 
cathode,  as  otherwise  it  would  not  draw.  The  same  with  the  mass  of 
copper;  you  pick  out  a  good  solid  part  of  the  copper,  which  is  not  rep- 
resentative. In  fact,  the  refiners  have  all  found  they  could  not  take 
fair  samples  of  cathodes  for  a  chemical  analysis.  It  is  always  customary 
to  use  wire-bar  copper  for  the  purpose  of  sampling,  and  the  impu- 
rities are  several  times  as  great  as  shown  by  samples  taken  from  the 
cathodes.  I  think  if  we  examine  all  of  the  examples  he  has  given  of 
cases  where  copper  is  higher  in  conductivity,  it  will  fit  with  that  ex- 
planation. For  example,  the  Elmore  process  is  a  direct  electrol3rtic 
deposit.    Incidentally,  at  the  present  time  there  are  a  number  of  ex- 
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periments  going  on  on  the  question  of  electrolytic  wire  which  look  quite 
promising. 

About  the  oxygen  content  of  copper,  copper  dissolves  gases  the  same 
as  other  metals  when  it  is  molten.  Any  of  you  who  have  worked  with 
silver  know  how  it  spits  as  it  cools,  every  one  knows  how  iron  "pipes," 
and  copper  does  exactly  the  same  thing.  I  am  not  sure  it  is  oxygen  it 
absorbs;  it  may  just  as  well  be  CO  or  CO2;  but  there  is  no  difficulty  in 
getting  rid  of  the  oxygen  in  the  present  furnace.  The  only  difficulty 
is  than  when  the  oxygen  is  poled  out  the  copper  "spews."  I  have 
taken  copper  wire  bars  with  practically  no  oxygen,  which  were  in  hor- 
rible shape  physically,  and  they  rolled  perfectly  as  far  as  conductiv- 
ity goes,  and  there  was  no  trouble  at  all  with  the  copper,  so  that  if  we 
melted  copper  in  a  neutral  atmosphere  it  does  not  follow  that  we  would 
be  able  to  do  without  the  cuprous  oxide  and  get  a  perfect  casting. 


Basic-Lined  Converter  Practice  at  the  Old  Dominion  Plant 

Discussion  of  the  paper  of  L.  O.  Howabd,  presented  at  the  Salt  Lake  meetiiig,  August, 
1914,  and  printed  in  BuOeHn  No.  91,  July,  1914,  pp.  1785  to  1790. 

E.  P.  Mathbwson,  Anaconda,  Mont. — I  would  like  to  add  a  few 
words  of  praise  on  Mr.  Howard's  work  at  the  Old  Dominion.  Mr. 
Howard  has  given  this  particular  converter  shell  his  personal  attention, 
and  the  results  are  shown  in  the  figures  given.  Similar  converter  shells, 
a  little  different  in  shape  and  of  about  the  same  size,  have  been  tried  m 
many  plants  throughout  the  United  States.  The  results  have  been 
highly  satisfactory,  but  there  is  no  shell  of  the  size  of  the  one  described  by 
.  Mr.  Howard  that  has  given  anything  like  the  results  that  Mr.  Howard's 
shell  has  given.  I  know  of  larger  shells  that  have  given  very  good  service, 
and  are  still  in  operation,  and  require  very  little  repair.  The  main 
thing  about  the  whole  process  of  using  the  basic  lining  in  copper  con- 
verting is  to  keep  the  temperature  within  reasonable  bounds,  particularly 
not  to  get  the  furnace  too  hot.  If  it  is  overheated  a  little  bit,  for  say 
half  an  hour,  an  entire  lining  may  be  ruined.  It  is  very  easy  to  keep 
the  temperature  regulated  if  the  mass  is  large.  If  you  have  a  large 
mass  in  your  converter  you  can  easily  prevent  it  from  getting  over^ 
heated,  and  that  is  the  big  argument  in  favor  of  the  extra  large  converters. 
Of  course,  there  is  a  limit  to  what  a  plant  can  turn  out  in  the  way  of 
matte.  Very  few  plants  can  supply  matte  suflSicient  to  keep  a  converter 
of  20  ft.  in  diameter  in  operation  constantly,  but  the  20-ft.  converter 
is  very  much  superior  to  the  12-ft.  converter  in  easy  handling  and  ab- 
solute control  of  the  temperature.  I  think  Mr.  Howard  is  to  be  con- 
gratulated on  the  excellent  showing  he  has  made. 
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The  Test  that  Tells 

The  test  that  tells  you  quickly,  dependably,  cheaply  where  the 
ore  is,  how  wide  it  is,  and  what  you  must  penetrate  to  mine  it, 
is  made  with 

SULLIVAN  DIAMOND  DRILLS 

A  set  of  Diamond  Drill  Cores  is  the  surest  evidence  you  can 
secure  as  to  the  extent  and  value  of  your  ore  deposits. 

Whether  you  wish  to  drill  from  the  surface  or  underground;  vertically 
or  at  an  angle;  fifty  feet  or  a  mile  deep,  with  hand  power,  horse,  steam, 
air,  oil,  gasoline,  or  electricity;  or  to  remove  cores  one  inch  or  six 
inches  thick — there's  a  Sullivan 
Drill  made  to  do  your  pros- 
pecting   faster,    cheaper,   and 
more  accurately  than  any  other 
tool  or  method. 

27  styles  in  Stock 

Contract  Drilling  is  a  special 
department  of  our  business. 
We  have  the  latest  improved 
outfits  and  the  most  skilful 
drillers  ready  to  undeitake 
your  work. 
Ask  for  prices  and  booklet  8,113. 


Air  Compressors  Hoists 


Rock  DriUs 


Hammer  DriUs 


Sullivan  Machinery  Company 


122  S.  Michigan  Ave. 

Birmingham.  Ala.  Denver 

Boston,  Mass.  El  Paso 

Butte  Joplin.  Mo. 

Christiania  Juneau 
Cobalt.  Ont. 


Chicago,  U.  S.  A. 


Knozville 
London.  Eng. 
Montreal 
Nelson,  B.  C 
New  York 
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Paris,  France 
Petrograd 
Pittsburgh 
San  Francisco 


Seattle 
Spokane 
St.  Louis 
Sydney.  N.  S.  W. 
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Used  Everywhere  by 

Satisfied  Mining  Engineers 


The  Popular  GURLEY 

Light  Mountain  Transit  No.  28 

S.ds''  limb ;  S'^  telescope ;  4^"  needle. 

Weight,  10  3/4  lbs.    Price,  S186, 
induding  Extension  Tripod  and 
Leather  Case,  F.03.  Troy  or  Seattle. 

The  extreme  accuracy  of  this  rigidly-constructed,  pre- 
cisely-graduated transit,  combined  with  its  light  weight, 
general  adaptability,  and  moderate  price,  explains  why 
such  large  numbers  are  being  sold  to  satisfied  engineers 
throughout  the  United  States,  Canada  and  Mexico. 

Write  for  latest  illttstrated  Catalog. 

W.  &  L.  E.  Gurley,  Troy,  N.  Y. 


Branch  Factory:- Maritime  BIdg.,  Seattle,  Wash. 
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LEYNER 


Drill  Sharpeners  ::  Oil  Furnaces 


A    MONEY    SAVING    COMBINATION 

INSTALLED    AT    THE     CUBA     COPPER     COMPANY 

T^^  Leyner  Sharpener  produces  correctly  made  and  gauged  drill  bits 
more  rapidly  and  at  less  cost  than  they  can  be  made  by  hand. 

Correctly  formed  and  gauged  bits  assure  maximum  drilling  speed,  lower 
consumption  of  drill  steel,  and  longer  life  to  the  drilling  machine. 

The  Leyner  Oil  Furnace  supplies  the  heated  steel  fast  enough  to  keep 
the  sharpener  up  to  capacity  and  therefore  helps  to  effect  a  considerable 
economy,  aside  from  the  greater  convenience  and  more  imiform  heat. 
The  fuel  cost  is  low. 

This  combination  leaves  the  blacksmith  time  for  other  work  which  under 
other  conditions  would  have  to  be  slighted. 

Leyner  Sharpeners  make  and  sharpen  most  kinds  of  bits  and  shank 
hammer  and  piston  drill  steel. 

BoHetiM  4oaa  •»">  poao  Point  the  wmy  to  lower  ihTpeniag  cotti. 

IINGERSOLL-RAIND  COMPANY 

NEW  YORK  Ofllce.  the  W.dd  Over  LONDON 

AIR   COMPRESSORS  ROCK   DRILLS  I9-lm 


Go<3^U 
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The 
Development 

o(  Storage  Battery  Locomotives 
(or  use  in  mines  dates  (rom 
the  perfection  of  the  EDISON 
Nickel-Iron  Alkaline  Storage 
Battery. 

The  Edison  Battery 

will  work  anywhere — ^wet  or 
dry,  hot  or  cold — for  anyone — 
expert  or  non-expert.  It  is  the 
only  economical  battery  for 
practical  mining. 


Edison  Storage  Battery  Co. 

1 65  Lakeside  Avenue,  Orange,  IN.  J. 
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The   Slogan   of  the  Cameron— -"Character:   The    Grandest   Thing" 


1000  Gallons  Per  Minute  Against  600  Feet  Head 

The  Cameron  Centrifugal  shown  above  is  a  motor-driven  6'  four- 
stage,  with  a  capacity  of  looo  G.P.M.,  against  500  feet  head  at  1165 
R.P.M.    It  has  proved  very  efficient  and  economical. 

CAIVIERON 
CENTRIFUGALS 

have  been  found  by  Mining  Engineers  to  be  the  best  for  the  long, 
steady  pulls  of  pimiping  so  prevalent  in  mine  work. 

It  is  very  simple,  compact  and  strong.  The  casing  is  horizontally 
split,  so  that  the  working  parts  may  be  easily  reached  without  dis- 
turbing pipe  connections  or  pump  alignment.  Finest  material  and 
workmanship. 

Built  in  many  types  and  sizes  for  various  classes  of  work.  Our 
Engineering  Department  will  gladly  figure  on  yoiu:  requirements. 

Write  for  the  full  story — Bidletin  No.  151 

A.  S.  Cameron  Steam  Pump  Works 

11  Broadway,  New  York  offices  the  world  over 
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Part 


VULCAIN    Hoist  Shop 


This  is  the  electric  hoist  erecting  shop.  This  shop  tests  the  accuracy  of  the  work 
done  in  the  big  VULCAN  machine  shops,  that  are  not  viable  in  the  illustration. 
Here  hoists  of  every  size  and  description  are  put  together.  The  same  careful 
preparation  is  evident  in  each  case — from  the  little  fellow  of  about  25  horsepower, 
to  the  largest  sizes  that  have  ever  been  built. 

The  confidence  of  hoist  users  in  the  VULCAN  product  is  reflected  bv  the  four  immense 
plants,  that  would  not  be  possible  if  VULCAN  hoists  were  not  'full  value"  hoists. 
We  will  be  glad  to  prepare  specifications,  or  look  searchingly  into  your  needs — a 
thorough  investigation  of  your  plant  involves  no  obligation. 

VULCAN     IRON    WORKS 

1744    Main    St..      -       WILKES-BARRE,   PA. 


NEW    YORK 
CMICAQO 


Star  Portable  Drilliing  Machiines 


BaUt  in  manr  sixei  Inith  Irmetrciii  uid  aoii-tr«c(iG£L 
for  drUliiii  oU  dspthi  to  4000  (t«L 


BQUIPPSD  FOR  STBAIC,  GAS  OR  BLBCTRICAL  POWBR 

For  Water  WeUs— OU  and  Gas  Well»— Mineral  Projecting— Railzotd  and  Canal 
Ezcavationa — Cement  and  Crushed  Stone  Quarries— Bridge  Soundings— Coal  l/ftq^ 
Ventillation— Irrigation,  Etc.  Write  for  Dlustrated  Catalog. 

THE  STAR  DRILLING  MACHINB  COMPAHT, 

Genera  Offices:  Akron,  Ohio.    Branch  Office:  2  Rector  St,  New  Tofk  d^. 
Wofkst  Akron,  OUo.— C]uuiiito»  KaaMi.— Portland,  Orofon.— long  Boodi,  C^ 
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Jeffrey  Machinery  Equipments 

FOR  ALL  MINING  SERVICE 

Are  Economical—Efficient—Labor  Saving 

Belt  and  Steel  Pan  Conveyers  for  handling 
Ores,  Coal,  Concentrates,  Tailings,  etc. 

Bucket  Elevators  for  handling  Stone, 
Sand,  Gravel,  Ores,  etc. 

Screens;  Crushers;  Spiral  Conveyers; 
Storage  Battery  and  Electric  Mine 
Locomotives,  Power  Transmission 
Machinery,  etc. 

WMTB  FOR  LATEST 
CATALOGS  AND  BTOlBTIltS 


JEFFREY  MFG.  COMPANY, 


COLUMBUS,  omo. 
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TUBE  MILLS   FOR 

FINE  GRINDING  60-200  MESH  :  WET  OR  DRY  MATERIAL 

Lowest  in  Mainteuuice  Expense    Most  Economical  in  Power  Consumption 

Wa  bnild  many  sisei  of  Tube  MOli  which  «re  fitted  with  improvements  of  the  most  modem 
design,  such  as  Large  Spiral  Peed  and  Discharge  Openings,  Spur  Gear  in  Sections,  and  many 
other  indispensable  featnrea  that  make  our  mills  an  O.  K.  Mechanical  Proposition. 

SEND  FOR  BULLETIN  "T". 

TRAYLOR  EINGIINEERING  &  MANUFACTURING  CO. 

MAIN  OFFICE  &  WORKS— ALLENTOWN,  PA. 

H.  T.  OflM,  3*  Charch  SIrMt  Weatam  Oflea,  Salt  Laka  Oty 
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Rainbow  Sheet  Packing 


has  been  used  most  successfully  for  the  past  twenty-five  years  by 
Engineers  throughout  the  world  on  steam,  ammonia,  and  water 
pipes.    Rainbow  is  the  original  red  sheet  packing. 

We  manufacture  a  complete  line  of  high  grade  Rubber  Goods,  in- 
cluding Air,  Air  Brake,  Air  Drill,  Chemical,  Coke,  Fire,  Garden, 
Hydrauhc,  Oil,  Pneumatic,  Sand  Blast,  Steam,  Suction,  Vacuum 
Cleaner,  Washout  and  Water  Hose,  etc.,  etc. 

PEERLESS  RUBBER  MANUFACTURING  COMPANY 


16  Warren  Street 


NEW  YORK  CITY 


For   Sale    Everywhere 


The  true  test  of  economy  in  the  use  of 
a  mechanical  appliance  is  not  so  much 
price  as  service. 

By  such  test  you  should  judge 


Roebling  Wire  Rope 


From  the  steel  furnace  to  the  finished 
rope  every  process  of  manufacture  is 
conducted  so  as  to  result  in  a  service- 
able rope. 

John  A.  Roebling's  Sons  Co. 

Trenton,  N.  J. 


:gifi25fl  oy 


Google 
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ife"  to  you 

—and  for  you 

Here  h  a  **Long^  Life"  belt  that  means 

loiipr  life  to  your  suct'pjss. 

It  poeS  a  long- way  toward  rutting-  down 

your    tonnage    costs  —  delays  —  power 

w(ustea» 


-.."prrrf: 


Nmes^ 


are  lonjif  on  .^trent^th  of  duck,  good  fac- 
tion and  ability  to  work  hard  and  show 
little  wvar.  In  flexibility,  trough ing 
and  smooth-running  they  are  unsur- 
passed .  We  wiU  gladly  refer  you  to 
plunt^  which  arc  finding  our  belts  beftt. 


ich  Company 


Thmr0  it  nothing  in  Cootirich 

A'dvtrtitinf 
that  itn  *t  in  Gaodwieh  Coo^*. 


INTERIOR  FOCISING 


An  exclusive  feature  of  the 
Bausch  &  Lomb  Engineer- 
ing Instruments  that  should 
appeal  to  every  progressive 
engineer, 

is  the  interior  system 

of  focusing. 

The  movable  negative  lens 
between  the  objective  and 
the  diaphragm  is  the  most 
satisfactory  method  of  solv- 
ing the  focusing  problem. 

Our  new  Catalog,  Metro  III,  gives  an  in- 
teresting discussion  of  this,  as  well  as 
many  other  distinctive  features. 

WRITE    FOR    COPY   TO-DAY 

Bausch  y  Ipmb  Optical  ©• 


■tW    TOOK 


WAtHINCTOM 


»Ah     mAMCISCO 


LONDON     ROCHESTta.N.Y.     'RANKroftT 


No.  60«  Tli«odoUte 

SEND    FOR    IV1ETRQ   III 
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A  NEW  VOLUME 

EMMONS'  ORE-DEPOSITS 

A  cofUinuation  of  the  "Posepny  Volume 
Comprising  Papers  Descriptive  of  Ore-Deposits  and  Discussions  of 
their  Origin,  Edited,  with  an  Introduction,  by  Dr.  S.  F.  Emmons. 

Contents. 

Q«B6di  of  Cttrtaisi  Gre-Depocits.    By  8.  F.  EmfOHS. 
Structural  Relations  of  Gre-Deporits.    By  8.  F.  Emmorb. 

QMlodeal  Distribution  of  the  Useful  Metab  in  th«  United  StatM.  By  8.  F.Emmohs.  Di»- 
eussion  by  John  A.  Chubch,  Abthttb  Wznslow.  8.  F.  Emmomb,  and  William  Haiox^ 

TON   MXBBITT. 

Torsional  Theory  of  Joints.  By  Qbobox  F.  Bncuu.  Diseussion  by  H.  M.  Howa,  IL  W. 
Ratmond,  C.  R.  Botp,  and  Qnobob  F.  BaoxNB. 

Allotroi>ism  of  Odd.    By  Hxnbt  Louis. 

Superfieial  Alteration  of  Ore-Deposits.    By  R.  A.  F.  Pnnbosb,  Js. 

Some  Mines  of  Rosita  and  Silver  diff,  Colorado.    By  8.  F.  Emm onB. 

Qenssb  of  Certain  Auriferous  Lodes.  By  John  R.  Don.  Diseussion,  by  Josbph  Lb  Cohtb, 
8.  F.  Emmons,  Q.  F.  Bbcxnb,  Abthttb  Winslow,  W.  P.  Blaxb,  and  J.  R.  Don. 

Influence  of  Country-Rook  on  Mineral  Veins.    By  Waltbb  Haxvnt  Wud. 

Igneous  Rooks  and  Circulating  Waters  as  Factors  in  Gre-Deposition.    By  J.  F.  Kbmp. 

Consideration  of  Igneous  Rooks  and  Their  Segregation  or  Differsntiation  as  Related  to  the 
Occurrence  of  Ores.    By  J.  E.  Spuxb.    Discussion,  by  A.  N.  Winchxll. 

Ore-Deposits  near  Igneous  Contacts.  By  Waltxx  Habfbt  Wxxd.  Discussion,  by  W.  L. 
Austin. 

Ore-Deposition  and  Vein-Enrichment  by  Ascending  Hot  Waters.  By  Walitkb  Habtbt 
Wxxd. 

Basaltic  Zones  as  Guides  to  Ore-Deposits  in  the  Cripple  Creek  District,  Colorado.  By  B.  A. 
Stevxns. 

Qeologioal  Features  of  the  Qold-Produetion  of  North  America.  By  W.  LnmoBBN.  Disease 
sion,  by  W.  G.  Millxb,  and  W.  L.  Aitbtin. 

Osmosis  as  a  Factor  in  Ore-Formation.    By  Haibxbt  Powxbs  Gillxttx. 

Ore-Deposits  of  Sudbury,  Ontario.    By  Chablbs  W.  Diokson. 

Genesis  of  the  Copper-Deposits  of  dif  ton-Mbrend,  Arisona.    By  W.  Lindobbn. 

Copper-Depoeits  at  San  Jose,  Tamaulipas,  Mexico.    By  J.  F.  Kbmp. 

Magmatic  Origin  of  Vein-Forming  Waters  in  Southeastern  Alaska.    By  A.  C.  Spbncbb. 

Genetic  Relations  of  the  Western  Nevada  Ores.    By  J.  E.  Spubb. 

Are  the  Quarts  Veins  of  Silver  Peak,  Nevada,  the  Result  of  Magmatic  Segregation?  By 
J.  B.  Hastings. 

Occurrence  of  Stibnite  at  Steamboat  Springs,  Nevada.    By  W.  Lindobbn. 

Summary  of  Lake  Superior  Geology  with  Speoial  Reference  to  Recent  Studies  of  the  Iron- 
Bearing  Series.    By  C.  K.  Lbitk. 

Geological  Relations  of  the  Scandinavian  Iron-Ores.    By  H.  SjOgbbn. 

Formation  and  Enrichment  of  Ore-Bearing  Veins.  (With  Supplementary  Paper.)  By 
Gbobgb  J.  Banobovt. 

Distribution  of  the  Elements  in  Igneous  Rocks.    By  H.  8.  Washinoton. 

Agency  of  Manganese  in  the  Superficial  Alteration  and  Secondary  Enrichment  of  Gold-De- 
posits of  the  United  States.    By  W.  H.  Emmonb. 

Cognate  Papers. 

Bibliography  of  the  Science  of  Ore-Deposits.    By  J.  D.  Ibvxno,  H.  D.  Smith,  and  H.  G.  Fbb- 

QVBOm. 


The  volume  contains  also  a  Biographical  Notice  of  Dr.  Emmons  by  his  i 
date  and  friend.  Dr.  George  F.  Becker,  and  a  comprehensive  Biographical  Index 
of  the  Science  of  Ore-Deposits,  prepared  by  Prof.  John  D.  Irving,  of  the  Sheffield 


Scientific  School  of  Yale  University. 

Price,  bound  in  cloth,  $5;  hi  half  morocco,  t6. 

AMERICAN  INSTITUTE  OF  MINING  ENOINBBRS 

29  West  39th  St.,  New  Tock,  N.  T. 
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Cordeau 
Bickford 
Shot 


Instantaneous  Detonat- 
ing Safety  Fuse 

FOR 

SAFETY  and 
EFFICIENCY 


THE  ENSIGN   BICKFORD  CO.,  SImsbury,  Conn. 

Original  Manufacturers  of  Safety  Fuse 


Established  1836 


WESTON 


Ammeters  and  Voltmeters 
for  A,  C.  Mining  Service 

These  instruments  are  of  the  same  standard 
quality,  the  same  durability  and  workmanship 
as  Weston  D.  C.  instruments.  They  are  dead 
beat,  extremely  sensitive,  practically  independ- 
ent of  Wave  Form  and  Temperature  Error, 
require  very  little  power  to  operate,  and  are 
extremely  low  in  price. 


Eclipse  Ammeters, 

Milliammeters  and  Voltmeters 

for  D.  C.  Circuits 

are  of  the  "soft-iron"  or  Electro-magnetic  type 
and  are  far  in  advance  of  all  preceding  forms 
of  this  type.  They  are  remarkably  accurate, 
well  made,  nicely  finished  and  especially  low  in 
price.    Write  for  catalog  and  information. 

WESTON   ELECTRICAL   INSTRUMENT  CO.,  Waywiy  Park,  Newark,  N.  J.,  U.  S.  A. 

New  York  London  Paris  Berlin 


Albany  Grease 

Reduces  the  cost  of  general  mine  lubrication 
without  aflfecting  the  eflSciency  of  your  com- 
pressors, fans,  hoists,  winding  machines,  en- 
gines, etc.  You  can  try  a  quantity  of  Albany 
Grease  and  an  Albany  Cup  at  our  expense. 

.... WRITS   NOW.... 

ALBANY  LUBRICATING  CO. 
NEW   YORK 
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HTHE  MAN  who  is  so  prejudiced  that  he  always  buys 
^    one  kind  of  belting  is  cutting  oflf  his  nose  to  spite 
his  face — 

Schieren's  Duxbak  Waterproof  Leather  Belting  should 
be  tried  by  those  who  are  sure. 

They  are  now  using  the  kind  they  need.     lo  to  i  they 
will  find  Duxbak  better  and  more  economical — 

Reg.  U.  S.  Pat.  Off.  ^^^  ^^^  ^^^^  ^^_ 

CHARLES  A.  SCHIEREN  COMPANY 

89  FERRT  STREET  ITEW  TOftK  CITT 


PARRAL  TANK  SYSTEM  OF  SLIME  AGITATION 

The  most  Efficient  and  Economical  in 

Cyanidation  of  Gold  and  Silver  Ores 
Acid  Leaching  Copper  Ores 
Oil  Flotation  of  Sulphide  Ores 

For  information  address, 

Bernard  MacDonaldi  Mgr., 
I.  W.  Hellman  Bldg.,  Los  Angeles,  Calif. 


Efficient  Equipment 

The  Dorr  Classifier 

The  Dorr  Continuous  Thickener 

The  Dorr  Agitator 

In  use  by  Institute  Members  all  over  the  world. 
The  Dorr  Cyanide  Machinery  Co« 

NEW  YORK  DENVER,  COLORADO  LONDON 


►UP 


KEEP  UP  TO  DATE 


^^».J      By  ■ubMribiag  to  tha 

REVUE  DE  LMNQENIeuR  A  INDEX  TECHNIQUE  OOth  Year)  ^.  ^ 

An  BagmeeriBff  JottroAl  and  Comi>l*te  lUeord  of  Um  World't  Tadinicid  Litacmtort,  wbieh 
tndese*.  dMnfiet  and  fmbliahes  monthly  r^Mmte  oi  hnndrada  ol  tarhninal  periodkalt. 
•rue  -rr^a^-A^"-^  Snbicription,  «4/-    Belgium  and  Franoa.  ao/-.    Or  Better  Stffl  by  Joiniac 
THE  TECHNICAL  AND  INDUSTRIAL  INSTITUTES 

Comprittng:  Divirion  A— Indexed  Technical  and  Induatrial  Literatore.  corrent and 
I.  Divition  B. — Reading  Room  and  Reference  Ubfary.  Mining,  Proepectng. 
I  of  Invention!.    Division  C— Laboratories  for  Analyaee.    Practieai  Oiem- 


Spedficationa ^..«^«  ^ ^..^..^..^  .w. , 

istry.  Students  admitted.  Laboratories  for  Inventors.  Division  D  ^Industrial  Juris- 
prudence. Division  B.>-Translations  in  all  Languages  and  fadUtiee  for  the  eolation  «f 
various  engineering  problems. 

Subscription  for  Memberdiip.  40/  -  per  annum.    Further  particulars  on  ReqneK 


Offices:  70,  Boulevard  D'Anderlecht,  Bruxelles 

Telephone:  B3300  Telegramsx  ITI 
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Awarded  Bronze  Medal » Inter » Exposition  Safety  and  Sani- 
tation held  under  the  auspices  Amer»  Museum  of  Safety,  1913 

Never  Slip  Safety  Clamp 

(PATBNTBD) 

FOR  LIFTING   BOILER  PLATE 

Easily  attached  and  removed.  Cannot  slip. 
Prevents  accidents,  and  saves  time  and  labor. 
We  make  Clamps  to  hold  plate  horizontal 
:     :     :     :     :    and  vertical.     :     :     :     :     : 

Write  for  Mining  Equipment  Catalogue,  or 
.  Iron  and  Steel  Catalogue 

NEVER    SLIP    SAFETY    CLAMP   CO. 
141    BROADWAY  NEW  YORK 


BEER,  SONDHEIMER  CS,  CO. 

Frankffort-on-Maln.  Oermany 

NEW   YORK   OFFICE       -       -       6i    BROADWAY 

Zinc  Ores,  Carbonates,  Sulphides  and  Mixed  Ores,  Copper  Ores, 
Copper  Matte,  Copper  Bullion,  Lead  Bullion,  Lead  Ores,  Anti- 
mony Ores,  Iron  and  Manganese  Ores,  Copper,  Spelter,  Antimony, 
Antimonial  Lead,  Sulphate  of  Copper,  Arsenic,  Tine  Dust. 

Own  Smelting  and  Refining  Works 


L.  VOGELSTEIN  CS,  CO. 

42  Broadwaj  K£W  YORK 

BUYERS,  SMELTERS 
AND    REFINERS    OF 

Ores  and   IMetals  of  All  Classes 

Agents  for: 
Aroa^Hirtcli  A  Sohn*  Halbentadt,  GenuAny. 

United  StatM  MetaU  Reflnlnf  Co.,  Chrome,  N.  J.  and  Oraiselll,  Ind. 
American  Zinc,  Lead  A  Smelting  Co.,  Caney  and  Dearinf,  Kanaas. 
Kanaat  Zinc  Co.,  La  Harpe,  Kaneat. 
Tlie  Slectrolytic  Refining  A  Smelting  Co.  of  Anatralia,  Ltd.,  Port  Kembla,  N.  S.  W. 


ACCURACY  IN  MEASUREMENTS 

ia  beat  obtained  throngli  the  nae  of 


MEASURING  TAPES 

Y  The  more  aerere  the  teaL  the  better  their  ahowing. 
For  Bale  by  aD  dealera.    Send  for  Catalogue. 

SAGINAW,  BflCH.,  U.  S.  A. 

HBW  TORT LOITDOW.  BlfQ, WIirPSOR,  CAW. 
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ALBANY  LUBRICATING  CO. 

ALBANY 

N»w  York 
Manufacturers  of  ALBANY  GREASE  for  lubric&tion 

GREASE 

drills,  etc.    It  gives  the  highest  lubricating  service  at 
an  exceptionally  low  cost. 

MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALLIS-CHALMERS  MANUFACTURING  CO. 

Milwaukee,  Wisconsin. 
MINING    MACHINERY   of  Every    T^pe.    Complete 
Power  and  Electrical  Equipments.    For  all  Canadian 
business  refer  to  Canadian  Allis-Chalmers,  Limited* 
Toronto,  Ont 


ANSON  G.  BEnS 

NEW 

Troy,  N.Y. 

Electrolytic    Lead    Refining;      Zinc    Recovery   fkom 

PROCESSES 

Complex  Ores;     Laboratories  for  Metallurgical  Re- 

search. 

PUMPS 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  New  Tork. 

CAMERON  VERTICAL  PLUNGER  SINKING 
PUMPS,  for  shaft  sinking.  CAMERON  HORIZON- 
TAL  PLUNGER   STATION  PUMPS,  for  handling 

gritty  water. 


ASSAYERS 

AND 
CHEMISTS 
SUPPLIES 


THE  DENVER  FIRE  CLAY  CO. 

Denver,  Colo.  Salt  Lake  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIPIERS,  Muffles,  Fire  Brick,  Scientific  Appa- 
ratus.  Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  CaU- 
logue. 


ROCK  DRILLS 

DRILL 
SHARPENERS 

AIR  METERS 

STEEL  HOSE 

ETC. 


DENVER  ROCK  DRILL  MANUFACTURING  Ca 

Denver,  Colo.        El  Paeo,  Tex.       New  York  City. 
Salt  Lake  City,  Utah.  San  Franeleoe,  Cai. 

MANUFACTURERS  OF  WAUGH  DRILLS. 

Digitized  by  LjOOQIC 
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METALLURGICAL  EQUIPMENT 


THE  DORR  CYANIDE  MACHINERY  CO. 

New  Tork  DENVER,  COLO.  London 

Machinery  in  nte  for  Cyeniding.  Wet  gravity  Concen- 
tration, Flotation,  Leaching  Copper  ores  and  many 
non-metallnrgical  induttrial  procettet. 


CLASSIFIERS 

THICKENERS 

AGITATORS 


EDISON  STORAGE  BATTERY  CO. 

Orange,  N.  J. 
Manufacturers  of  the  EDISON  STORAGE  BATTERY 
for  Mine  Haulage.    Write  for  descriptlTe  bulletin. 


EDISON 
STORAGE 
BATTERY 


THE  ENSIGN  BICKFORD  CO. 

Simsbury,  Conn. 
Manufacturers  of 

SAFETY  FUSE  CORDEAU  BICKFORD 
For  all  Blasting  Operations 

Fuse  for  special  requirements 


CORDEAU 
BICKFORD 
SAFETY 
FUSE 

FOR 
ALL  BLASTING. 

BLASTING 

SUPPLIES 


GENERAL  ELECTRIC  CO. 

Soheneetady,  N.  Y. 

ELECTRIC  MINE  LOCOMOTIVES.    ELECTRIC 
MOTORS  for  Operating  Mining  Machinery. 


ELECTRIC 

MINE 

LOCOMOTIVES 


GOODMAN  MANUFACTURING  CO. 

Chicago,  Illinois. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


THE  B.  F.  GOODRICH  CO. 

Akron,  Ohio. 

Qoodrich  «Longlife"  «  Mazecon"  ft  "Qrainbelt"  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 
cost  than  any  other  belts  made. 


CONVEYOR 
BELTS 

igitized  by  Goodie 
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SPELTER 

ILLINOIS  ZINC  CO. 

SHEET  ZINC 

P«ru,  ill. 

SULPHURIC 

Manufacturere  of   SPELTER,    SHEET    ZINC    and 

ACID 

SULPHURIC  ACID. 

COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  Naw  York. 

**Retum-Air"  Pumps,  Coal  Shearers,  Pneumatic  Hoista, 
"Electric-Air"  Drills,  Coal  Punchers,  Pneumatic  Toola, 
*'Calyz"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lilt  Pumps. 


THE  JEFFREY  MFG.  CO. 

COAL 

Columbua,  Ohio. 

MINING 
MACHINERY 

Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Conveyvs,  Fans,  Hoists, 
Pumps,  etc. 

LEAD  LINED 

IRON  PIPE 

AND  VALVES 


LEAD  LINED  IRON  PIPE  CO. 

Wakoflold,  Mass. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — for  Acids  and  Corrosive  Waters. 


WIRE  ROPE 
AERIAL 

WIRE  ROPE 
TRAMWAYS 


A.  LESCHEN  &  SONS  ROPE  CO. 

tHKninawTaAia 
lkfirT«fc  CUcM*  St.  Louis,  Mo.  l>«Mr  Umfnmdmm 
Producing  WIRE  ROPE  of  qualities  and  construcU'iu 
adapted  to  every  condition  of  wire  rope  service,  inclucU 
ing  the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramways  for  the  economical  transportation 
of  any  material. 


BRIQUETTING 
MACHINERY 


MASHEK  ENGINEERING  CO. 

90  Woat  St.,  Now  York. 

Complete  plant  equipments  4,  8,  z6  and  35  tons  of  s  to 
3  oz.  smokeless  and  odorless  briquettes  per  hour.  Com- 
plete plants  designed  and  erected. 


^^ 
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METALLURGICAL  EQUIPMENT 


NEVER  SLIP  SAFETY  CLAMP  CO. 

141  .Broadway  Naw  York 

Never  Slip  Safety  Clamp  for  lifting  boiler  plate.  Pre- 
vents accidents.  Saves  time  and  labor.  Indispensable 
in  mining  and  iron  and  steel  works. 


NEVER 
SLIP 
SAFETY 
CLAMP 


NORDBERG  MANUFACTURING  CO. 

Milwaukee,  Wis. 

High  Bffidency  Steam,  Air  and  Blectric  Hoists,  Air 
Compressors,  Blowing  Bnginas,  Pumping  Bngines,  Cor- 
liss Bnginas  and  other  machinery 


MINING 
MACHINERY 


OTIS  ELEVATOR  COMPANY 

Elovonth  Avo.  and  Twenty- Sixth  St.,  Naw  York. 

orricKa  in  all  miNcirAL  cities  or  thc  world. 
Build  and  erect  all  types  of  Freight  and  Passenger  Ble- 
vators — for  all  kinds  of  power; — including  Furnace 
Hoists,  Incline  Railways,  and  Special  Hoisting  Equip- 
ments and  Machines  for  Mining  use.  Correspondence 
invited. 


ELEVATORS 
OF  ALL  KINDS 

FOR* 
MINING  USE 


PARRAL  TANK  SYSTEM  OF  SLIME  AGITATION 

L  W.  Hellman  Bldg.,  Los  Angeles 
Designs  and  furnishes  Complete  Plants  for 
Cyanidation  of  Gold  and  Silver  Ores 
Acid  Leaching  of  Copper  Ores 
Oil  Flotation  of  Sulphide  Ores 
Full  information  on  f  «quest 


PARRAL 
TANK 
SYSTEM 
OF 
SLIME 
AGITATION 


PEERLESS  RUBBER  MFa  CO. 

New  Tork 

Manufacturers  of  Conveyor,  Elevator  and  transmission 
belts;  packing,  valves,  air  drill  hose  and  all  other  me- 
chanical rubber  goods.    Write  for  catalogue. 


CONVEYOR 
BELTS 

PACKING 

VALVES 

AIR  DRILL 
HOSE 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  Row,  Now  York. 

Messiter  ORE  BEDDING  Systems— FURNACE 
FEEDERS;  SORTING  BELTS,  and  many  other 
special  applications  of  what  was  the  Pioneer  and  is  the 
Standard  Belt  Conveyor;  Coal  Handling  Systems; 
Electric  Locomotives;  Hoisting  Machinery. 
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ROBINS 

BELT 

CONVEYORS 


gitlTfifi  hj 
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WIRE 
ROPE 

JOHN  A.  ROEBLING'S  SONS  CO. 

Tr«nton,  N.J. 

WIRE  ROPE  for  mining  work.    Stock  shipments  firom 
agencies  and  branches  throughout  the  country. 

POSITIVE 
PRESSURE 
BLOWERS   ^ 

VACUUM  AND 
ROTARY  PUMPS 

GAS 
EXHAUSTERS 


P.  H.  &  F.  M.  ROOTS  CO. 

Conn#rsvlli«,  Ind. 
Manufacturers  of  the  Roots  Positive  Pressure  Blowers 
for  Smelting,   Foundry  and   Filtration  Work.    Write 
for  Catalogue. 


WATERPROOF 
LEATHER 
BELTING 


CHARLES  A.  SCHIEREN  COMPANY 

89  Ferry  Street,  New  Tork 

Manufacturert  of  SCHIBREN'S  DUXBAK  WATER- 
PROOF LEATHER  BELTINO.  The  belting  is  water- 
proof and  chemical  proofi  perfect  in  material  and 
workmanship. 


DRILLING 
MACHINERY 


THE  STAR  DRILLING  MACHINE  COMPANY 

General  Offices:  Akron,  O. 

Branch  Office:  2  Rector  St,  New  Toik  Cilj. 

lute  Akm.  Mfk-ande.  ^mmr-hOmi,  iNin^f jis  Im*.  U. 
MannfacturerB  of  Portable  Wen  ]>riIlL:g  Macfaineiy, 
traction  or  non-traction  for  drilling  all  depths  to  4000 
feet,  equipped  for  Steam,  Gas  or  Electric  Power. 


ROCK  DRILLS 

SULLIVAN  MACHINERY  CO. 

AIR 

122  South  Michigan  Ave.,  Chicago,  10. 

COMPRESSORS 

Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 

HOISTS 

Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 

PUMPS 

Cutter,  Bar  Machines,  Fans. 

MINING 

MILLING 

SMELTING 

CRUSHING 

MACHINERY 


TRAYLOR  ENGINEERING  ft  MANUFACTURING  CO. 

Main  Offloa  and  Works— Allentownt  Fa. 
New  Tork  Offlee,  Western  Offlee, 

SO  Ohureh  Street  Salt  Laka  Citr 

Mannfactorers  of  MINING,  MILLING,  SMELTING 
and  CRUSHING  Machinery.  TRATLOR  Products  pos- 
sess Quality.    Our  Expert  Engineers  are  at  your  service* 
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Digitized  by 


Google 


METALLURGICAL  EQUIPMENT 


VULCAN  IRON  WORKS 

Wilk«s.Barr#,  Pa. 

Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hofst- 
ing  and  Haulage  Engines,  Mining  Machinery,  etc. 
Nicholson  Device  for  Prevention  of  Overwinding. 


All  LMMOnVES 
nEAKEI  WCHmttY 
OML-ffASnNi  PUNTS 
CONVBM  WCHIIIBY 
CIUSIIM  lACHINElY 
MSaUNf  LOQHNTniES 
IHNSTINi  Ml  lAUUM  HA- 

CIlNnY 
STM  LOCMWTIVB 
VnilUTIM  MNS 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Wavorly  Park,  Nawark,  N.J. 

Weston  EcUpse  AMMETERS,  MILLIAMMETERS 
and  VOLTMETERS  are  Well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 


DIRECTORY  CARDS 

RATE  FOR  PUBLICATION  OF  CARDS  IN 
THE  DIRECTORY  OF  MINING  AND  METAL- 
LUROICAL  EQUIPMENT  WILL  BE  QUOTED 
ON  REQUEST. 


RATES 


ALPHABETICAL  AND  ANALYTICAL 

INDEXES 

To  the  Transactions  of  the  American  Institute  of  Mining  Engineers 

VOLUMES  I  to  XXXV— 1871  to  1904 
706  pages,  6  by  9  inches. 

Bound  in  cloth, $0.00 

Bound  in  half-morocco, $6.00 

VOLUMES  XXXVI  to  XI^1906  to  1909 
186  pages,  6  by  9  inches. 

Bound  in  cloth,       •       •       •       • $1*60 

Bound  in  half-morocco, $2.60 

Taken  together  these  two  indexes  furnish  in  convenient  form  for  ready  reference 
everything  of  importance  contained  in  the  Transactions,  and  give  to  both  member 
and  non-member,  whether  possessing  a  set  of  the  Transactions  or  not,  the  means  of 
ascertaining  at  a  minimum  expenditure  of  time  and  trouble  the  exact  contents  of 
the  volumes  on  any  given  subject  of  special  interest. 

Sent,  prepaid,  on  receipt  of  price  by 

The  American  Institute  of  Mining  Engineers, 

29  West  39th  Street,  New  York 
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PROFESSIONAL   CARDS 


ALDRIDGE,  WALTER  H. 

Consoltinc  Mh»i«g  ai|«i 

Metallorgicftl  S&^e«r 

14  WaU  Street  KBW  TORS 


BEATTY,  A.  CHESTER 

Consulting  Mining  Englnntr, 
71  Bioviwey, 

NEW  YORK,  N.  Y. 

Granltle. 


BREWER,  WM.  M. 

CofuuUinff  Mining  Bngin^tr 

and  OtologiH, 

P.  O.  Box  TOl,  VICTOMA,  B.  C. 

Connected  with  the  Tyee  Copper  Co.,  Ltd. 


COULDREY,  PAUL  S. 

Mining  Bng^eer 

General  Minins  Superintendent 
CutBO  DB  Paboo  Mnmro  Co. 

CERRO  de  PASCO,  PERU 

SOUTH 


HAMMOND.  JOHN  HAYS. 
CMtsltlsi  EsflsMr, 

71  Bw.dway.  NEW  Y8R1L 

GoDBt  #sM»^4fe4fMft 


BROWN,  H.  B. 

Mining  Engineor 

Britiah  Columbria  minea  bought,  aold  and 
oi»erated.    Correapondenoe  aolidted 

7Sg  Pacific  Block,     VANCOUVBR*  a  C. 
PRINCB  RUPBRT 


HANKS,  ABBOT  A. 

CbMitt  and  Astayer 

EstabUshed  1866 

Control  and  Umpire  AMaya,  Sopenrf- 
sion  of  Sampling  at  Smelters,  Chemical 
Analyses  of  Ores,  Minerals,  Mineral 
Waters,  etc. 

CMSMnmeBtoBt    Sao  Franoisoo,  C«l. 


BURCH,  H.  KENYON 

Mcchaiicaf  aid  MetatlHrgkaJ  Eigiieer 
Care  Inspiration  Con<"«Sdated  Copper  Co. 

MtA..il,  GIU  COUNTY,  ARIZONA 
Designer  and  Builder  of 
Power,  Hoisting,  Pumping, 
Crushing  and  Milling  Plants. 

Speoialties  Conoentration  of  Ores. 

Eoonomic  Handling  of  Materinla. 


CHANNING,  J.  PARKE 

Consulting  Englseer, 
43  Beoadway,  NEW  YORK. 


HARDMAN,  JOHN  E. 

CoDsnItIng  Mining  Engtoserp 

Boom  601.  Royal  Trust  Building, 

MONTREAL,  CANADA. 


HOYLE,  CHARLES 

Mining  Engineer* 

Apartado  8,  El  do, 

ESTADO  DE  MEXICO,  MEXICO. 

ninitizf^dhvGoOQle 
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PROFESSIONAL  CARDS 


LEDOUX  &  COMPANY 

Assayert  and  Samplers 
99  John  Street,  NEW  YORK 

Independent  Sampling  Works 

New  York  and  Jersey  City 

Bepresentatives  at  all  refineries  and 

smelters  on  Atlantic  seaboard 


LOWE.  HENRY  P. 

Consulting  and  Mining  Engineer, 
CENTRAL  CITY,  COLORADO. 

Bedford  McNeill  Ctode, "  Lowb.  Diktkb," 


REVETT,  BEN  STANLEY 

Mining  Engineer 

Alluvial  Mining 

AND  Installations 

BRECKENRIDGE,  COLORADO 
Cible:  <<  Dredger" 
Code:  Bedfsrd-McNell 


MYERS,  DESAIX  B. 

Mining  Bnginaer 

331  Story  Building  LOS  ANOBLBS 

HOWABD  POILLOM  C  H.  PoiMBB 

POILLON  ft  POIRIER 

Mining  Engineers 

63  Wall  Street 

NEW  YORK  CITY 

RAYMOND,  ROSSITER  W. 

Mining  Engineer  and  Metallurgist 

29  West  Thirty-Ninth  Street 

NEW  YORK 


RATES' 


FOR   PROFESSIONAL    CARDS 
QUOTED    ON    APPLICATION. 


RICHARDS,  ROBERT  H. 

On  Drmdng 
ICtssadmaettB  Institate  of  Technology 
BOSTON,  MASS. 


RIORDAN,  D.  M. 

CoMuUing  BngiuMr 
Mining  InTestigationB  MpeoiaUy  carefully 
made  for  responBible  intending  investors. 

City  livestlig  Mdf.,  165  Brsadway.  New  Y«rL 


PORTER  W.  SHIMER  ft  SON 

Metallurgical  Chemists 

ESTABLISHBD  1885 

Aiafyscs  of  Itm,  steel,  aa4  other  metals,  alloys, 
•res,  miferals,  coal  aid  coke,  ceneit,  water,  etc 


CONSULTATION 
INYESTICATION 


EASTON,  PENN'A 


SPILSBURY,  E.  GYBBON, 

Consulting,  GlyU,  Ulnlng 
and  Ketallnrgloal  Engineer, 

45  Broadway,  NEW  YORK. 

Cable  AddrosB :  **  SpUroe/^  Nmo  Torh, 


STOUGHTON,  BRADLEY 

Consulting  Metallurgical  Engineer 

29  West  39th  Street 

NEW  YORK 


..Jti.nHhyC    --^^^g 
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PAMPHLET  COPIES  OF  PAPERS 


pamphlets,  except  No.  33.  for  40  oenta;  any  40,  except  No.  33,  for  $1 ;  amr  100.  except  mo.  33,  for  92.     No 
orders  for  less  than  20  cents.     Please  remit  by  money  order,  New  York  draft,  ^ 


The  pamphlets  listed  below  will  be  sold  at  the  prices  indicated  so  long  as  the  supply  lasts.     Any  10 
,^. .  .,     -.«  .     .^        .^,     ^^  ,     ^.  -^«     scept  ifo. 33,/or  $2.     No 

„.     ^ ,^ , ^  stamps  or  coin.     Add  10 

cents  for  exchange  on  out-of-town  checks. 

Number    File 

Wanted     No.  NON-FBRROUS  MBTALLURGT  Price 

1046  James  Johnston The  Mill  and  Metallursical  Practice  of  the  NlpissiBc 

Mining  Co.,  Ltd.,  Cobalt.  Ont.,  Canada.     Diiou»- 

sion  by  O.  H.  Cievenger  and  Otiiers S40 

67  John  Van  N.  Dorr The  Dorr  Hydrometallurgical  Apparatus 10 

1057  Robert  Linton Cyanidation  of  Silver  Sulphide  at  Ocampo,  Mexioo.      .  10 

^^  ^idd  W^Ald'iici }   Experimental  Leaching  at  Anaconda 10 

53  W.  L.  Austin The  Treatment  of  Copper  Ore  by  Leaching  Methods.     .  10 

47  W.  L.  Austin Leaching  Copper  Products  at  the  Steptoe  Works 10 

46  S.  £.  Bretherton The  Treatment  of  Complex  Ores  by  the  Ammonia^ 

Carbon  Dioxide  Process 10 

60  Stuart  Croasdale Leaching  Experiments  on  the  Ajo  Ores 10 

044  Chase  Palmer  and  \    The  R51e  of  Certain  Metallic  Minerals  in  Preoipitat- 

Edson  S.  Bastin J       ing  Silver  and  Gold 10 

40  Theodore  P.  Holt Chloridising  Leaching  at  Park  City 10 

965  Frederick  Laist Roasting  and  Leaching  Tailings  at  Anaconda,  Moni.     .20 

975  J.  C.  Febles The  Precipitation  of  Copper  from  the  Mine  Wateia 

of  the  Butte  District 10 

^^  ^^p!^Pifek?*.??!^.  }    Precipitation  of  Copper  from  Solution  at  Anaconda.      .  10 

27  William  F.  Ward "  Playa"  Panning  on  the  Cauca  River 10 

44  A.  W.  Allen The   Descriptive  Technology  of  Gold  and  Silver 

Metallurgy 10 

33  E.  Horton  Jones Unit  Construction  Costs  from  the  New  Smelter  of  the 

Arisona  Copper  Co.,  Ltd.     (Bound  in  Cloth) 2.00 

63  W.  W.  Norton A   Comparison  of  the   Huntington-Heberiein  and 

Dwight-Lloyd  Processes 10 

981  Frank  H.  Corwin  and        \    Increasing  the  Efficiency  of  MacDougall  Roasters  at 

Selden  S.  Rodgers. /       the  Great  Falls  Smelter  of  the  Anaconda  Copper 

Mining  Co SO 

943  G.  S.  Brooks Notes  on  the  Formation  of  Ferrites  in  Roasting 

Blende 10 

917  R.  C.  Canby Development  of  the  American  Water-jacket  Lead 

Blast  Furnaces 10 

980  J.  A.  Church,  Jr The  Development  of  Blast-Fumace  Construction  at 

the  Boston  and  Montana  Smelter 20 

929  Robert  P.  Roberts Thermal  E£Feot  of  Blast-Fumace  Jackets 10 

001  E.  P.  Mathewson The  Development  of  the  Reverberatory  Furnace  for 

Smelting  Copper-Ores 10 

56  C.  D.  Demond Economy  and  Efficiency  in  Reverberatory  Smelting      .  10 

29  Irving  A.  Palmer Smelting  Lead  Ores  in  the  Blast  Fumaoe 10 

51  Edgar  L.  Newhouse Lead  Smelting  at  East  Helena lO 

1°^  ^  r!  M.\wney.*^^  }    '^^  Smelting  of  Copper  Ores  in  the  Electric  Fumaoe     .  10 

064  Woolsey  McA.  Johnson.'.'. .  The  Reducibility  of  Metallic  Oxides  as  Affected  by 

Heat  Treatment 10 

902  Frederick  Laist Chemistry  of  the  Reduction  Processes  in  Use  at 

Anaconda,  Mont. 10 

72  C.  R.  Eusell  and  \   Curves  for  the  Sensible-Heat  Capacity  of  Fumaoe 

C.  H.  Wigton J       Gases 10 

996  C.  W.  Goodale The  Great  Falls  Flue  System  and  Chimney 40 

998  Edgar  M.  Dunn Determination  of  Gases  in  Smelter  Flues;  and  Notes 

on  the  Determination  of  Dust  Losses  at  the  Washoe 

Reduction  Works,  Anaconda,  Mont 20 

36  Lawrence  Addicks Nodulising  Blast-Fumace  Flue  Dust 10 

39  H.  Douglass  Anderson E£Fects  of  the  Bag  House  on  the  Metallurgy  of  Lead.     .  10 

64  H.  H.  Alexander The  Bag  House  in  Lead  Smelting 10 

66  W.  H.  Howard Electrical  Fume  Precipitation  of  Garfield 10 

900  A.  Eilers Notes  on  Bag-Filtration  Plants 10 

'. . .     988  James  O.  Elton Arsenic  Trioxide  from  Flue  Dust 10 

49  L.  O.  Howard Basic-Lined  Converter  Practice  at  the  Old  Dominion 

Plant 10 
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Typical  small  hand  operated 
hoist,  with  post  brakes,  lever 
operated,  and  dial  miniature. 


Hand  Operated 
Nordberg  Electric  Hoists 

'^J'ORDBERG  Electric  Hoists  are  built  in  all  sizes  from  small 
single  drum,  hand  operated  hoists,  up  to  the  very  largest 
steam  and  electric  hoists  for  great  depths,  loads  and  speeds. 

The  above  illustration  shows  a  typical  small  hoist  with  post  brakes, 
lever  operated,  and  dial  miniature.  Particular  attention  is  called 
to  the  construction  of  the  brakes,  which  even  in  the  smallest  sizes, 
are  of  the  Post  type,  operated  by  a  powerful  hand  lever  with 
quadrant.  Also  to  the  gear  and  pinion  at  one  end  of  the  base, 
insuring  perfect  alignment  under  the  most  severe  service. 

For  complete  information  and  detailed  drawinsi  of  Nordberg 
jnDnRPDT      Blectric  Hoiits,  lend  for  Bulletin  34.   If  interested  in  Steam       XinUTIRFIMi 
lUKI/DCKU  and  Air  HoiatL  send  for  Bulletin  a.i.  WUIil/DtRll 


NACHINERir' 


NORDBERG  MANUFACTURING  CO. 

Milwaukee,   Wisconsin 

Manufacturers  of  High  Bf&dency  Corliss  Engines^niflow 
Engines;  Poppet  Vuve  Engines;  Carels-Diesel  Engines; 
Air  Compressors;  Blowing  Engma;  Hoisting  Engines; 
Pumping  Engines;  and  other  machinery.  18 
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MINE  HOIST 
EQUIPMENT 


Every  Mine 
Hoist 
Condition 
Analyzed 

Electric 

Hoisting  Equipment 

Prescribed 


'nr^HE  hoist  equipment  at  many  prominent  coal  and  metal  mines 

throughout   the  world  is  illustrated  and  described   in  the 

new  mine  hoist  equipment  bulletin  of  the  General  Ele  "  '  -  Company. 

All  possible  mine  hoist  conditions  are  analyzed  and  the  correct 
electric  hoisting  equipment  for  each  case  is  described  and  illustrated. 

Complimentary  copies  of  this  bulletin,  which  is  just  off  the  press,  can 
be  obtained  by  writing  the  Publication  Bureau,  General  Electric  Com- 
pany, Schenectady,  N.  Y.,  stating  where  you  saw  this  advertisement. 


General  Electric  Company 


General  Office :  Schenectady,  N.  Y.  District  Offices  in : 

Boston,  M11B6.  Kew  Tork,  fi.  Y.  Phila^delphJa,  Pa.  ItUnCa,  Qa. 

Ciaciiuuitl^  Ohio  Ctuctco,  01.  D«aTe.,  Calo,  Stn  Pruidscot  CmL 

St.  Louis,  Mo.  Sates  Offices  in  AU  Urge  Cities 
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